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xiPreface

Bone and soft tissue sarcomas are a heterogeneous collection of over 170 distinct clinical entities. The prevalence of next-generation sequencing has accelerated the molecular classification and discovery of several new sarcoma entities and led to treatment paradigms. Sarcoma clinicians are applying the tools of precision medicine to identify driver mutations and select novel medications or agents in clinical trial. The landscape of sarcoma diagnosis and management is rapidly evolving with the advent of new diagnostic tools, precision medicine, immunotherapy, and cell-based therapies. The current knowledge base with the inclusion of recent advances serves the foundation for which each author has built his or her chapter of this book.

It is impossible to learn all the critical details of each sarcoma subtype during training or even as a junior faculty member. It takes many years as a practicing sarcoma oncologist to gain familiarity with the subtleties of each subtype. We created Sarcomas: Evidence-Based Diagnosis and Management in order to provide relevant information to trainees, oncologists who would like to learn more about sarcomas, and even experienced sarcoma oncologists. This book was designed to allow the reader to not only learn the latest information about sarcoma diagnosis and management, but also rapidly access content via the physical book, computer, or their smart device amid a busy clinic. Content was structured by the most common sarcoma histologic subtypes as well as by general concepts. As sarcoma diagnosis and management require an experienced multidisciplinary team, we included overview chapters from each of the medical disciplines involved in the care of sarcoma patients. Importantly, each author was chosen based on his or her expertise specific to the content of the chapter.

Learning the nuances and caveats of sarcoma patient care requires more than didactic lectures or reading text. Each histologic subtype chapter includes a case-based study in which the reader is able to follow the diagnostic and treatment thought processes as the author illustrates his or her management of a complex medical situation. These cases illustrate commonly encountered situations in busy sarcoma clinics and allow the reader to apply the skills learned from the preceding chapter in understanding the authors’ diagnostic and therapeutic approach. Significantly, the exceptional and novel digital version of this book allows rapid access to chapters or information through keyword searches at any time by computer, tablet, or smartphone.

We, the editors, designed this book to facilitate management of sarcoma patients in an era of rapidly evolving sarcoma diagnoses and novel therapeutic approaches. Because each chapter was composed by a true expert in the field, the information provided herein is the latest available. We have no doubt this practical book will be a game-changing and incredibly useful tool that will be utilized today and for many years in the future.

Jonathan C. Trent

Andrew E. Rosenberg

Raphael Pollock

Thomas F. DeLaney
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xixIntroduction

Robert S. Benjamin

The book you are about to read is a compilation of current knowledge of the diagnosis and treatment of several different specific sarcomas of soft tissue and bone, as well as the diagnostic and therapeutic modalities employed. Traditionally, sarcomas have been divided into two groups, those arising in the soft tissue and those arising in bone. Initially, the only diagnostic approaches were physical examination to assess tenderness or presence of a mass; plain radiography, especially for primary bone tumors; and light microscopy of hematoxylin and eosin (H&E)-stained slides. The only therapeutic modality was radical surgery, usually amputation, even for soft tissue tumors of the extremities, because less radical approaches led to local recurrence in 70% of cases.1

Radiation was the first nonsurgical therapeutic modality, but its use in the treatment of sarcomas was limited. Only rhabdomyosarcoma2 and Ewing sarcoma3 were notably sensitive to radiation, and for this reason, radiation replaced amputation in the treatment of Ewing sarcoma. After all, since all the patients, mostly children and adolescents, were going to die of metastatic disease within a year or two of diagnosis, why use mutilating surgery if the pain of the primary tumor could be controlled with radiation? The other sarcomas were considered to be radioresistant.

Soft tissue sarcomas were treated as a single entity by medical oncologists, whereas the common bone tumors, osteosarcoma, Ewing sarcoma, and chondrosarcoma, were always treated differently. Ewing sarcoma was the first bone tumor for which chemotherapy had an impact.3 Chondrosarcomas are still not responsive to standard chemotherapy. Osteosarcoma was initially resistant to chemotherapy that worked for Ewing sarcoma as well as other chemotherapeutic agents available in the 1960s. In the early 1970s, Wang et al. reported the responses of osteosarcoma to Adriamycin (before the name doxorubicin was invented),4 and Jaffe reported the responses of osteosarcoma to high-dose methotrexate.5 That was the beginning of the modern era of chemotherapy, and you will read more details about current treatment in this book.

For soft tissue sarcomas, the activity of actinomycin D, vincristine, and alkylating agents against rhabdomyosarcoma was discovered early by pediatric oncologists,6 but other sarcomas were found to be resistant. Only with the development of Adriamcyin was moderate activity noted.7–10 Gottlieb added dacarbazine to Adriamycin (ADIC) with improvement in response rate and duration,11 and subsequently added vincristine and then cyclophosphamide (CyVADIC) with little further improvement, but he made several important observations.10 First, there was a very steep dose–response curve for Adriamycin, such that the response rate for sarcomas doubled between 45 and 75 mg/m2.12 Second, although most histologic types of sarcoma had similar response rates, leiomyosarcomas arising from the gastrointestinal (GI) tract had much lower response rates than those arising at other primary sites.10 We now know that the vast majority of GI leiomyosarcomas diagnosed at that time were actually gastrointestinal stromal tumors (GISTs).

Because most sarcomas responded similarly to Adriamycin, medical oncologists took it for granted that sarcomas were all the same and that histologic type was not important. We should have realized the fallacy of that thinking. After all, rhabdomyosarcoma and Ewing sarcoma responded to actinomycin D, and osteosarcoma responded to high-dose methotrexate and cisplatin, but it was not until ifosfamide, the next drug to show activity against sarcomas, was studied that the difference in response rates between different sarcomas became apparent. Several different studies showed that ifosfamide was more active against synovial sarcomas and less active against leiomyosarcomas than against the other histologic types of sarcomas included in the studies.13–15 It certainly makes sense that different sarcomas have different sensitivities and behaviors. No oncologist would think of treating adenocarcinoma of the breast, lung, and colon in the same way. Why do so with sarcomas?

xxUnfortunately, the rarity of sarcomas makes it challenging to perform studies of each interesting new agent in each of the 75 or more individual sarcomas. Unless a specific target can be identified, as was the case with imatinib in GIST, investigators need to pursue hints of activity when they are discovered. The best example is the activity of paclitaxel in angiosarcomas. Casper et al. noted an impressive response during an otherwise negative Phase 2 study,16 pursued the observation in eight of nine other patients with angiosarcoma,17 and established paclitaxel as a highly active agent against cutaneous angiosarcomas. Similarly, Grosso et al. observed that two of the responders to trabectedin had myxoid liposarcoma. His group pursued the observation and found that in myxoid liposarcoma, 40% of patients responded by conventional criteria (in contrast to <10% with other histologic types of sarcoma), another 40% responded with decreasing tumor enhancement, and only 10% had progressive disease.18 Clearly, mining databases of institutional and group experience will be valuable in developing leads for further study. Similarly, pooling multi-institutional data on the behavior of rarer sarcomas may provide the best information into treatment of tumors too rare to study without a good lead. Before concluding that rare sarcoma subsets are resistant to chemotherapy, let us get the data.

Now it is clear that sarcomas are a collection of similar, but not identical, diseases. This book reviews the state of the art in the natural history and treatment of a number, but notably a minority, of these tumors. It also provides an up-to-date review of the modalities employed in the diagnosis and treatment of sarcomas. People frequently refer to liposarcoma as if it were a single entity, but from a clinical point of view, liposarcoma is no more specific than sarcoma. There are separate chapters here on dedifferentiated liposarcoma and myxoid liposarcoma, which are biologically, morphologically, radiologically, clinically, and therapeutically distinct. Well-differentiated liposarcoma has no medical therapy at this time and pleomorphic liposarcoma is too rare and poorly studied to warrant a chapter, but they represent the extremes of benign and aggressive behavior of the sarcomas of adipocytic origin.

The most impressive clinical changes in the management of sarcomas during my career have come from improved diagnostic techniques. Whereas GISTs were clinically different from leiomyosarcomas, even before the name was recognized,10 they are now not only easily diagnosed with confidence by most pathologists, but can also be subclassified by molecular genotyping of clinical significance.19–22 Imaging techniques have undergone remarkable improvements, permitting surgeons and radiation oncologists to clearly define the extent and location of sarcomas as well as the anatomic structures involved by or immediately adjacent to the tumors. Whereas in the past amputation was the only approach to an extremity sarcoma and many retroperitoneal sarcomas were considered inoperable, careful resection of the tumors and preservation of function are now the norm. This is all made possible by the advanced imaging techniques used today. Medical oncologists take advantage of modern imaging to define target tumors to assess the effects of treatment, but rarely take advantage of the additional information such as tumor enhancement23 or fluorodeoxyglucose (FDG) avidity23,24 in measuring tumor response, relying on the criteria devised when the only diagnostic techniques were physical examination and chest x-ray study.25

This book is a compilation of the work of many of the world’s experts on the diagnosis and management of sarcomas. As such, it is a critical reference for anyone interested in any aspect of sarcoma diagnosis and treatment and is well worth the read.







REFERENCES

  1.  Clark RL Jr, Martin RG, White EC, Old JW. Clinical aspects of soft-tissue tumors. AMA Arch Surg. 1957;74(6):859–870. doi:10.1001/archsurg.1957.01280120037004.

  2.  Perry H, Chu FC. Radiation therapy in the palliative management of soft tissue sarcomas. Cancer. 1962;15:179–183. doi:10.1002/1097-0142(196201/02)15:1<179::aid-cncr2820150125>3.0.co;2-b.

  3.  Johnson RE, Senyszyn JJ, Rabson AS, Peterson KA. Treatment of Ewing‘s sarcoma with local irradiation and systemic chemotherapy. A progress report. Radiology. 1970;95(1):195–197. doi:10.1148/95.1.195.

  4.  Wang JJ, Cortes E, Sinks LF, Holland JF. Therapeutic effect and toxicity of adriamycin in patients with neoplastic disease. Cancer. 1971;28(4):837–843. doi:10.1002/1097-0142(1971)28:4<837::aid-cncr2820280406>3.0.co;2-4.

  5.  Jaffe N. Recent advances in the chemotherapy of metastatic osteogenic sarcoma. Cancer. 1972;30(6):1627–1631. doi:10.1002/1097-0142(197212)30:6<1627::aid-cncr2820300631>3.0.co;2-h.

  6.  Pratt CB. Response of childhood rhabdomyosarcoma to combination chemotherapy. J Pediatr. 1969;74(5):791–794. doi:10.1016/s0022-3476(69)80145-9.

  7.  Bonadonna G, Monfardini S, De Lena M, Fossati-Bellani F. Clinical evaluation of adriamycin, a new antitumour antibiotic. Br Med J. 1969;3(5669):503–506. doi:10.1136/bmj.3.5669.503.

  8.  O’Bryan RM, Luce JK, Talley RW, et al. Phase II evaluation of adriamycin in human neoplasia. Cancer. 1973;32(1):1–8. doi:10.1002/1097-0142(197307)32:1<1::aid-cncr2820320101>3.0.co;2-x.

  9.  xxiBenjamin RS, Wiernik PH, Bachur NR. Adriamycin chemotherapy–efficacy, safety, and pharmacologic basis of an intermittent single high-dosage schedule. Cancer. 1974;33(1):19–27. doi:10.1002/1097-0142(197401)33:1<19::aid-cncr2820330107>3.0.co;2-m.

 10.  Gottlieb J, Baker LH, O’Brien RM, et al. Adriamycin (NSC-123127) used alone and in combination for soft tissue and bony sarcomas. Cancer Chemother Rep. 1975;6:271–282.

 11.  Gottlieb JA, Baker LH, Quagliana JM, et al. Chemotherapy of sarcomas with a combination of adriamycin and dimethyl triazeno imidazole carboxamide. Cancer. 1972;30(6):1632–1638. doi:10.1002/1097-0142(197212)30:6<1632::aid-cncr2820300632>3.0.co;2-s.

 12.  O’Bryan RM, Baker LH, Gottlieb JE, et al. Dose response evaluation of adriamycin in human neoplasia. Cancer. 1977;39(5):1940–1948. doi:10.1002/1097-0142(197705)39:5<1940::aid-cncr2820390505>3.0.co;2-0.

 13.  Antman KH, Montella D, Rosenbaum C, Schwen M. Phase II trial of ifosfamide with mesna in previously treated metastatic sarcoma. Cancer Treat Rep. 1985;69(5):499–504. https://www.ncbi.nlm.nih.gov/pubmed/3924401.

 14.  Le Cesne A, Antoine E, Spielmann M, et al. High-dose ifosfamide: circumvention of resistance to standard-dose ifosfamide in advanced soft tissue sarcomas. J Clin Oncol. 1995;13(7):1600–1608. doi:10.1200/JCO.1995.13.7.1600.

 15.  Benjamin RS, Legha SS, Patel SR, Nicaise C. Single-agent ifosfamide studies in sarcomas of soft tissue and bone: the M.D. Anderson Experience. Cancer Chemother Pharmacol. 1993;31(suppl 2):S174–S179.

 16.  Casper ES, Waltzman RJ, Schwartz GK, et al. Phase II trial of paclitaxel in patients with soft-tissue sarcoma. Cancer Invest. 1998;16(7):442–446. doi:10.3109/07357909809011697.

 17.  Fata F, O’Reilly E, Ilson D, et al. Paclitaxel in the treatment of patients with angiosarcoma of the scalp or face. Cancer. 1999;86(10):2034–2037. doi:10.1002/(SICI)1097-0142(19991115)86:10<2034::AID-CNCR21>3.0.CO;2-P.

 18.  Grosso F, Jones RL, Demetri GD, et al. Efficacy of trabectedin (ecteinascidin-743) in advanced pretreated myxoid liposarcomas: a retrospective study. Lancet Oncol. 2007;8(7):595–602. doi:10.1016/S1470-2045(07)70175-4.

 19.  Rutkowski P, Nowecki ZI, Debiec-Rychter M, et al. Predictive factors for long-term effects of imatinib therapy in patients with inoperable/metastatic CD117(+) gastrointestinal stromal tumors (GISTs). J Cancer Res Clin Oncol. 2007;133(9):589–597. doi:10.1007/s00432-007-0202-4.

 20.  Heinrich MC, Owzar K, Corless CL, et al. Correlation of kinase genotype and clinical outcome in the North American Intergroup Phase III Trial of imatinib mesylate for treatment of advanced gastrointestinal stromal tumor: CALGB 150105 Study by Cancer and Leukemia Group B and Southwest Oncology Group. J Clin Oncol. 2008;26(33):5360–5367. doi:10.1200/JCO.2008.17.4284.

 21.  Gastrointestinal Stromal Tumor Meta-Analysis Group (MetaGIST). Comparison of two doses of imatinib for the treatment of unresectable or metastatic gastrointestinal stromal tumors: a meta-analysis of 1,640 patients. J Clin Oncol. 2010;28(7):1247–1253. doi:10.1200/JCO.2009.24.2099.

 22.  Heinrich MC, Maki RG, Corless CL, et al. Primary and secondary kinase genotypes correlate with the biological and clinical activity of sunitinib in imatinib-resistant gastrointestinal stromal tumor. J Clin Oncol. 2008;26(33):5352–5359. doi:10.1200/JCO.2007.15.7461.

 23.  Choi H, Charnsangavej C, Faria SC, et al. Correlation of computed tomography and positron emission tomography in patients with metastatic gastrointestinal stromal tumor treated at a single institution with imatinib mesylate: proposal of new computed tomography response criteria. J Clin Oncol. 2007;25(13):1753–1759. doi:10.1200/JCO.2006.07.3049.

 24.  Schuetze SM, Rubin BP, Vernon C, et al. Use of positron emission tomography in localized extremity soft tissue sarcoma treated with neoadjuvant chemotherapy. Cancer. 2005;103(2):339–348. doi:10.1002/cncr.20769.

 25.  Moertel CG, Hanley JA. The effect of measuring error on the results of therapeutic trials in advanced cancer. Cancer. 1976;38(1):388–394. doi:10.1002/1097-0142(197607)38:1<388::aid-cncr2820380156>3.0.co;2-a.xxii








1I






Epidemiology and General Principles2






31






Medical Oncology



Ravin Ratan and Shreyaskumar R. Patel


Localized approaches such as surgery and radiation therapy are the mainstay for localized, resectable, low-risk sarcoma patients. However, a significant portion of patients requires systemic therapy owing to a high risk for recurrence or the presence of metastatic disease. This chapter discusses the agents commonly used to treat most soft tissue sarcomas. Systemic therapy for sarcoma patients is generally used to facilitate limb (or organ)-sparing surgery, neoadjuvant and/or adjuvant treatment of high-risk localized disease to decrease the risk of metastases, and treatment of metastatic and locally advanced disease with the objective of symptom palliation and prolongation of life. The goal of medical oncology is to select the appropriate agent and administer it at the appropriate dose for the appropriate patient. The selection of therapy in a given scenario will consider the overall goals of the patient being treated, the patient’s ability to tolerate a treatment, the acceptability of the toxicity profile to the patient, any previous therapies, and the specific histologic subtype of the patient’s tumor.
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INTRODUCTION

While surgery ± radiation therapy remains the definitive therapy for localized, resectable, low-risk sarcomas, a significant portion of patients will require additional treatment with systemic agents owing to high risk for recurrence or development of metastatic disease. Systemic therapy of sarcoma can be broadly classified to have three separate, but often coincident goals: downstaging of a localized tumor to improve the prospects for local control with better preservation of function, treatment of high-risk localized disease to decrease the risk of distant metastatic recurrence, and treatment of metastatic and unresectable disease with the goal of symptom palliation and life prolongation. Appropriate selection of therapy used in a given scenario will take into account which of these goals are pertinent to the patient being treated, the age and comorbid conditions of that patient, acceptability of the toxicity profile of the agent or combination of agents, previous agents with which the patient may have been treated, and increasingly, specific histologic type of the tumor to be treated.

Interpreting the literature with respect to efficacy of agents also depends on thoughtful consideration of endpoints examined in clinical trials and in the clinic. The gold standard endpoint for patients treated on clinical trials is the median overall survival (OS), commonly defined as the time from initiation of treatment to the death of half the patients treated. While intuitively important, a change in OS by the agent under study can be difficult to prove in clinical trials as every intervention a patient receives before and after an experimental treatment is also going to impact survival. Patients may go on to receive multiple additional lines of systemic therapy, radiation treatments, and surgery, which may be applied to both arms in a comparison study and may make a survival improvement less observable or statistically significant. This issue is particularly pronounced in patients who are treated in a clinical trial with crossover design in which the intervention is made available to both groups, but in a different sequence. Thus, OS is most reliable in patient populations with limited treatment options, without a crossover study design, or in patients who are likely to be cured by the intervention and not require additional therapy.

To get around some of the limitations inherent in proving a better OS associated with a treatment, many trials have also reported median progression-free survival (PFS), defined as the time from initiation of therapy to progression of disease of half the treated patients, with progression defined by specified criteria (in modern studies, this is usually RECIST 1.1). PFS is often viewed as a surrogate endpoint for OS, in that if a patient’s cancer is slowed by a certain amount of time, one might assume that the patient’s life has been prolonged by the same amount of time. This may not hold true if (a) the treatment causes late toxicity that results in death or (b) the patient receives less subsequent treatment (e.g., high rates of a lethal second cancer, months or years after treatment) or (c) there is organ dysfunction that precludes additional systemic therapy or (d) the treatment somehow modifies future disease biology (making the tumor more or less susceptible to subsequent lines of therapy or more or less likely to metastasize).

Other endpoints are also of interest in specific situations. In a patient who has a tumor that is unresectable or borderline resectable, one may be most likely to use a therapy associated with higher dimensional response rate (RR), defined as the percentage of patients receiving a response based on imaging (usually RECIST 1.1). RR is also likely to be important for patients with highly symptomatic disease for which tumor shrinkage could help achieve palliation.

Measurement of RR and PFS is reliant on accurate criteria by which to determine patients who are responding or progressing on therapy. In earlier eras of treatment, physicians relied on clinical response (e.g., a patient’s clinically evident tumor is smaller, softer, or less painful) or dimensions on plain x-rays. With the widespread use of CT and MRI for following disease, most modern studies have employed 4World Health Organization (WHO) or, more recently, the RECIST criteria (Response Evaluation Criteria in Solid Tumors), which rely on bidimensional or unidimensional cross-sectional measurements of selected lesions. These criteria are not without their downfalls. It is a well-described phenomenon that a responding tumor may not decrease in size, even though at the time of surgery after treatment, 100% necrosis is observed with acellular matrix being the only remnant of the tumor. This is particularly common in gastrointestinal stromal tumor (GIST), in which lesions will often remain stable in size or even get larger and more cystic as they respond. These responding tumors often demonstrate decreased density and decreased enhancement on cross-sectional imaging. Consequently, in many studies of GIST, RECIST measurements are supplemented by Choi criteria measurements, which examine both size and decrease in attenuation when judging response. Tumors treated with immunotherapy also sometimes demonstrate apparent increase in size related to immune infiltration prior to stabilizing or shrinking. Immune-related response criteria (irRC) have been proposed and are now in common usage in immunotherapy-based clinical trials to identify false progression and capture delayed responses in these patients.

Given the rarity of soft tissue sarcoma in general and even more so for specific subtypes, oncologists are frequently asked to make decisions regarding systemic therapy treatment options in the absence of proven survival benefit and often based on small or underpowered studies. This holds for all scenarios, but is particularly pronounced in the adjuvant and neoadjuvant setting, where clinical trials have, as a rule, been underpowered to demonstrate statistical significance of what would be considered clinically meaningful improvements in OS.

What follows is a discussion of the agents commonly used to treat most soft tissue sarcomas, with a discussion of data surrounding each agent and combination, and situations in which they are commonly used. We also discuss the adjuvant and neoadjuvant treatment of sarcomas, a historically controversial proposition in which we believe improved patient selection tools and supportive therapies are making the approach more appealing for the right patient.

AGENTS IN THE TREATMENT OF METASTATIC DISEASE

Doxorubicin

Most first-line regimens employ doxorubicin as a single agent or in combination. The drug has been used since the 1970s, and early in its history, it became apparent that higher doses result in higher RRs, an effect that was less pronounced in other studied malignancies.1

Often discussed is cardiac toxicity related to high lifetime doses of doxorubicin. Given that most modern sarcoma regimens employ doxorubicin at 75 mg/m2, six doses get patients to 450 mg/m2, the dose at which the incidence of heart failure seems to increase. Several strategies have been employed to decrease this apparent cardiac risk. The 450 mg/m2 threshold is based on bolus administration of the drug without dexrazoxane cardioprotection. When the drug is administered over longer periods of time (48–72 hours in our practice), the incidence of cardiac damage declines. This comes at the cost of increased mucositis, which, in some patients, can be severe enough to interfere with oral intake or serve as a source of fever in the setting of neutropenia, which may result in hospitalization. Another strategy to mitigate cardiac toxicity from doxorubicin has been administration of the chelating agent, dexrazoxane. Theoretical concerns with dexrazoxane include theoretical protection of the tumor from the cytotoxic effects of doxorubicin and increased risk of secondary malignancies. Long-term follow-up of survivors of childhood cancers treated with dexrazoxane does not demonstrate worse cancer outcomes, and data regarding secondary malignancies are equivocal. Either of these approaches raises the cumulative dose at which the incidence of cardiomyopathy begins to increase. The cumulative dose of 450 mg/m2 is not an absolute limit, but may be exceeded in situations in which the potential benefit of doxorubicin outweighs the potential risk of cardiomyopathy.

Dacarbazine

Initially demonstrated to have anticancer effect around the same time as doxorubicin, dacarbazine remains in common use today both as a single agent and in combination for the treatment of soft tissue sarcoma. Contemporary clinical trials have used dacarbazine as a comparator arm in randomized studies for agents being examined in pretreated patients (trabectedin and eribulin) and demonstrated median PFS of 1.5 to 2.6 months and RRs in the range of 5% to 7% using RECIST criteria. Subgroup analysis suggests the drug may be more active in leiomyosarcomas than other treated subtypes (notably, liposarcomas).2,3 The side effect profile of the drug as a single agent is generally mild, though it is highly emetogenic and does require appropriate nausea prophylaxis.

5Cyclophosphamide and Ifosfamide

Cyclophosphamide has a long-standing history of use in the treatment of sarcomas. In modern therapy, it remains a cornerstone of combinations directed at the treatment of pediatric sarcomas like Ewing sarcoma and rhabdomyosarcoma.

In other sarcoma subtypes seen more commonly in adults and in relapsed pediatric sarcomas, ifosfamide came to be of interest because of its clear single-agent activity in the relapsed setting. Similar to doxorubicin, RRs appear to increase as the dose of ifosfamide administered increases. A randomized study comparing ifosfamide 5 g/m2 (a low to moderate dose in the era of hematopoietic growth factors) to cyclophosphamide 1,200 mg/m2 (the dose used in most modern regimens) demonstrated a significantly increased RR in the group of patients receiving ifosfamide.4 Most subsequent soft tissue sarcoma combination regimens have integrated ifosfamide rather than cyclophosphamide. In pediatric tumors, particularly Ewing sarcoma, addition of ifosfamide and etoposide to a cyclophosphamide-containing regimen improved the OS for children with localized disease and is now the standard regimen in the United States.5 Ifosfamide, however, is more cumbersome to administer and requires experience and expertise, given the possibilities of significant myelosuppression, nephrotoxicity, central neurotoxicity, and an increased risk of hemorrhagic cystitis.

MAID, AIM, and Other Anthracycline-Based Combinations

As such drugs as doxorubicin, cyclophosphamide, ifosfamide, and dacarbazine have come into common use in the treatment of soft tissue sarcomas, there has been interest in combinations of these agents that may be additive or synergistic and provide incremental benefit either in likelihood of response, PFS, and/or OS.

Initially available around the same time period as doxorubicin, dacarbazine was the first agent to be studied as an addition to doxorubicin in the treatment of soft tissue sarcomas. Several studies demonstrated improved RR and PFS, but none were adequately powered to demonstrate OS benefit.6–8

Other combinations incorporated cyclophosphamide or ifosfamide, either to doxorubicin alone or to doxorubicin and dacarbazine. In the 1980s, a combination of cyclophosphamide, vincristine, doxorubicin, and dacarbazine was the most active combination available with respect to RR, though without a demonstrated OS benefit.9 As ifosfamide gradually replaced cyclophosphamide as the more active agent in treatment of soft tissue sarcoma, investigators removed vincristine (with its limited single-agent activity in non-small cell soft tissue sarcoma) and replaced cyclophosphamide with ifosfamide. The resulting mesna, Adriamycin (doxorubicin), ifosfamide, and dacarbazine (MAID) regimen demonstrated a high RR, though again without a statistically significant survival benefit, and became the standard combination therapy through the 1990s.7 The availability of hematopoietic growth factors allowed for yet another advance, the intensification of dose in agents with a dose–response curve (doxorubicin and ifosfamide). In order to maximize the doses of these agents, dacarbazine was removed from the regimen. The resulting Adriamycin (doxorubicin), ifosfamide, and mesna (AIM) regimen has the highest RRs of any combination reported in soft tissue sarcoma and remains the regimen of choice when inducing a response, which is the primary objective of treatment.10,11

The choice of whether to use a doxorubicin-based combination or single-agent doxorubicin in patients with asymptomatic metastatic disease remains controversial. A recent clinical trial attempted to settle this controversy by randomizing 455 patients with advanced soft tissue sarcoma to receive doxorubicin and ifosfamide versus doxorubicin alone. The study demonstrated a longer median PFS for the combination (7.4 vs. 4.6 months, p = .003) and overall RR (26% vs. 14%, p = .0006). OS also trended toward improvement, but fell short of statistical significance (14.3 vs. 12.8 months, p = .076). The results leave room for interpretation, with proponents of combination therapy citing the PFS and RR benefit and nearly statistically improved survival. Opponents of the approach cite the lack of demonstrated OS benefit and clearly increased toxicity with combination therapy.

Gemcitabine and Gemcitabine-Based Combinations

Gemcitabine is a nucleoside analog originally developed as an antiviral agent, but ultimately approved as an antineoplastic drug. It was approved by the U.S. Food and Drug Administration (FDA) in 1996 for the treatment of pancreatic cancer. Several subsequent clinical studies demonstrated the activity of single-agent gemcitabine in soft tissue sarcoma, with RRs ranging from 3% to 18%.12 The addition of docetaxel to gemcitabine, despite little to no activity of the former as a single agent, also seemed to improve the RRs, with initial nonrandomized studies demonstrating RRs of 14% to 53%.12 Given the uncontrolled nature of these studies, controversy existed as to whether the higher observed RRs with the 6combination of gemcitabine and docetaxel were related to synergy between the drugs or that these later combination studies utilized fixed dose rate gemcitabine, administered at 10 mg/m2/min, which has been noted to improve intracellular concentrations of the active metabolite, gemcitabine triphosphate.13

To settle this debate, the Sarcoma Alliance for Research through Collaboration (SARC) ran a study using a Bayesian adaptive approach to randomize patients to gemcitabine alone versus gemcitabine and docetaxel. The study demonstrated improved outcomes with the addition of docetaxel to single-agent gemcitabine, including a PFS of 6.2 versus 3.0 months and an OS of 17.9 versus 11.5 months, establishing the combination of gemcitabine and docetaxel as a standard treatment for soft tissue sarcoma in the United States. Of note, the addition of docetaxel was also associated with many more treatment discontinuations related to toxicity.14 The critique of the study included its small sample size and the statistical design.

Another study performed by the French Sarcoma Group randomized patients with leiomyosarcoma to gemcitabine alone or to the combination of gemcitabine and docetaxel. In contrast to the American study, no improvements in outcomes including RR, PFS, or OS were seen with the addition of docetaxel.15 These conflicting results have tempered enthusiasm for the gemcitabine and docetaxel combination, especially in light of the added toxicity from docetaxel, and prompted searches for other agents that might be used in combination with gemcitabine. These include drugs such as dacarbazine and vinorelbine.16,17 Interestingly, the Spanish study randomizing patients to dacarbazine alone versus gemcitabine plus dacarbazine showed improved PFS and OS in favor of the doublet.16

Trabectedin

Trabectedin is a novel antineoplastic agent derived from the marine tunicate Ecteinascidia turbinata. The mechanism of action is complex; it covalently binds the minor groove of the DNA strand, interfering with DNA replication and the cell cycle, and may also have a myriad of other effects, including disruption of microtubule networks, inhibition of transcription, and other less understood effects on tumor microenvironment.

Early studies demonstrated responses in sarcoma and also established a 24-hour infusion of the agent every 3 weeks as more efficacious than weekly bolus administration. The agent was approved in 2007 by the European regulatory agency for patients with previously treated soft tissue sarcomas. A more recent study conducted in patients with leiomyosarcoma and liposarcoma, in which the efficacy of the drug seemed most pronounced, randomized pretreated patients to receive either single-agent dacarbazine or trabectedin. The study failed to meet its OS endpoint, with a median survival of 12.9 months for trabectedin and 12.4 months for patients receiving dacarbazine. Median PFS, however, was improved at 4.2 versus 1.5 months,2 which ultimately resulted in approval of trabectedin in the United States for liposarcoma and leiomyosarcoma previously treated with anthracycline.

In several studies conducted prior to the approval of trabectedin and in the subsequent clinical experience with the drug, it has been noted that patients with myxoid/round cell liposarcoma (MRCL) appear to have particularly robust response to trabectedin.2,18 In a recent study of trabectedin versus doxorubicin-based frontline therapy in translocation-associated sarcomas (approximately a third of which were MRCL), PFS was similar between the two arms. Further interpretation of the data was limited by high attrition rate, related in large part to patients undergoing surgical removal of their tumors, the incidence of this being higher in the trabectedin subgroup.19 For MRCL, the drug has also been studied in small neoadjuvant studies, in which the overall RR was found to range from 24% to 38%.20

Eribulin

Eribulin, a modified analog of halichondrin B, a compound isolated from a marine sponge, was approved for the treatment of breast cancer in 2010 based on data from the EMBRACE study, where it was noted to improve OS in metastatic breast cancer patients. The drug is predominantly felt to be a microtubule dynamics inhibitor, though other mechanisms of action may be important in its clinical effect. Preclinical data demonstrating efficacy in sarcoma subtypes ultimately led to a Phase 2 study conducted by the European Organisation for Research and Treatment of Cancer (EORTC), which demonstrated that leiomyosarcomas and adipocytic tumors (liposarcomas) achieved a 12-week PFS of >30%, which was the prespecified endpoint. These subtypes were subsequently studied in a Phase 3 confirmatory study.21 This study, enrolling patients with liposarcoma and leiomyosarcoma, randomized patients to treatment with the standard 1.4 mg/m2 dose of eribulin or dacarbazine at doses of 850 to 1,200 mg/m2. The trial met its primary endpoint of a 2-month improvement in OS with eribulin over dacarbazine (13.5 vs. 11.5 months, p = .0169). PFS (X vs. Y months) in the overall study cohort was not improved, suggesting perhaps a mechanism of action other than direct cytotoxicity. Mechanisms 7including vascular remodeling, improved delivery of subsequent lines of chemotherapy, and modification of metastatic potential have been raised as possibly contributing to the demonstrated survival benefit in the absence of PFS improvement.22,23

The subgroup analysis reported in the initial study demonstrated that the OS benefit of eribulin over dacarbazine was limited to patients with liposarcoma, and for this reason, the FDA elected to approve eribulin for liposarcoma only. Subsequent post hoc analysis of only the liposarcoma group from the Phase 3 study demonstrated that among these patients, PFS was improved (2.9 vs. 1.4 months, p = .0015) and the magnitude of the OS benefit was larger than in the entire study population (15.6 vs. 8.4 months, p < .001).24

Of note, despite the lack of improvement seen in clinical endpoints in the study on patients with leiomyosarcoma, an interpretation of the available data may be that eribulin is as efficacious as dacarbazine in patients with leiomyosarcoma, and more effective than dacarbazine in patients with liposarcoma. Despite the lack of FDA approval for this specific histologic diagnosis, eribulin remains an option for treatment of leiomyosarcoma in treatment guidelines.25,26

Tyrosine Kinase Inhibitors

Among the so-called targeted agents, the drugs that have had the most impact in the treatment of soft tissue sarcoma are tyrosine kinase inhibitors used in the treatment of GIST. These include FDA approvals for agents such as imatinib, sunitinib, and regorafenib. Their use in the treatment of GIST is discussed elsewhere in this textbook.

For other soft tissue sarcomas, the most commonly used multitargeted tyrosine kinase inhibitor is pazopanib. Based on earlier-phase clinical trials showing promising activity in multiple soft tissue sarcoma subtypes, the drug was studied in the Phase 3 PALLETTE study, which enrolled patients with a wide variety of soft tissue sarcomas and excluded patients with liposarcoma. Compared to placebo, median PFS was improved at 4.6 versus 1.6 months, and there was a trend toward improved OS that was not statistically significant. Dimensional partial responses by RECIST were rare (6% for pazopanib vs. 0% with placebo).27 Given the paucity of available lines of treatment, its relatively favorable toxicity profile, and its broad approval for most sarcoma subtypes by regulatory agencies, pazopanib continues to be a commonly used agent in pretreated metastatic soft tissue sarcoma, except liposarcomas and GIST.

Immunotherapy

Representing a paradigm shift from traditional cytotoxic therapies and antiangiogenic tyrosine kinase inhibitors, therapies that modulate the endogenous immune system or confer adoptive immunity are of increasing interest across a broad range of tumor types.

The most broadly utilized of these is immune checkpoint blockade. In certain diseases, most notably melanoma, anti-PD1–, anti-PD-L1–, and anti-CTLA-4–directed therapies* have revolutionized treatment and drastically improved outcomes for patients, with long-term responses in patients who previously had few treatment options. PD-1/PD-L1–directed therapies are now approved for a host of malignancies including non-small cell and small cell lung cancers, bladder carcinomas, renal cell carcinoma, squamous cell carcinomas of the head and neck, Hodgkin lymphoma, and cancers with high microsatellite instability. This list continues to grow as additional cancer types are studied. In many of these cases, expression of PD-L1 is used as a biomarker to predict response.

In sarcoma, the largest study reported to date using checkpoint blockade is a study of single-agent pembrolizumab, which examined four cohorts of soft tissue sarcoma patients with leiomyosarcoma, unclassified pleomorphic sarcoma (UPS), synovial sarcoma, and “other” miscellaneous histologic types in addition to three cohorts of patients with bone tumors. Among the soft tissue sarcoma patients, there was an 18% RR and 38% stable disease (SD) rate overall. Responses were primarily seen in the cohorts of patients with UPS and dedifferentiated liposarcoma.28 Combined checkpoint blockade with nivolumab and ipilimumab has also shown activity, more so than nivolumab alone (RR of 16% vs. 8%) in a study of 85 patients with various sarcoma subtypes, though at the cost of increased toxicity.29

Another area of particular interest for immune checkpoint blockade-based therapies has been alveolar soft part sarcoma (ASPS). A Phase 2 study of pembrolizumab and axitinib demonstrated an overall RR of 45.5%.30 Several other studies have also reported small numbers of patients with this rare sarcoma subtype who responded to therapy with immune checkpoint inhibitors alone or in combination 8with other agents.31,32 In general, these have been small studies that have not resulted in approval of this agent in any sarcoma subtype, but interest remains in pursuing and improving checkpoint blockade-based therapy, particularly in apparently responsive tumors including ASPS, dedifferentiated liposarcoma, and UPS.

Another area of active investigation for immune-based therapies in soft tissue sarcoma is cellular therapies and vaccines directed against the cancer testis antigen NY-ESO-1, which is found with high frequency in patients with myxoid liposarcoma and synovial sarcoma, and with less frequency in other sarcoma subtypes.33 NY-ESO-1 is not expressed in normal adult tissues outside the testis, making it an ideal target for immune-based approaches.

LV305 is a dendritic cell (DC)-targeted vaccine that aims to induce an endogenous tumor-specific T-cell response. It is an engineered lentiviral particle that selectively targets immature DCs and induces the expression of NY-ESO-1, which is then processed and displayed by major histocompatibility complex (MHC) class I and II molecules that can elicit a T-cell response. In the Phase 1 study, a single partial response (PR) was seen in 24 sarcoma patients treated with the drug; however, over half experienced stable disease and lived longer than might have been expected based on historical comparisons.34 Subsequent work has focused on combining LV305 with a Toll-like receptor 4 (TLR4) agonist, glucopyranosyl lipid adjuvant (GLA), and recombinant NY-ESO-1, referred to as CMB305. A study of synovial sarcoma and myxoid liposarcoma patients treated with this regimen demonstrated stable disease in 53% of synovial sarcoma patients and 75% of MRCL patients.34

While vaccines remain promising, another strategy under active investigation is the use of modified T-cell receptors with affinity for the NY-ESO-1 protein. Small studies utilizing this approach have resulted in meaningful RRs as high as 61% in synovial sarcoma and it remains under active investigation.35

Adjuvant and Neoadjuvant Therapy

Given that development and progression of metastatic disease is the largest driver of poor outcomes in soft tissue sarcoma, considerable efforts have been made to examine the utility of chemotherapy in the neoadjuvant or adjuvant setting. These efforts have been hampered by the overall rarity of soft tissue sarcoma in general and specific subtypes of interest in particular, heterogeneous inclusion criteria in studies that do not always reliably identify high-risk patients for treatment, and lack of equipoise at the treating centers, which had made enrollment into randomized studies of adjuvant therapy difficult.

Given the challenges with a small sample size in various studies, perhaps the most compelling evidence of the efficacy of adjuvant chemotherapy comes from two important meta-analyses. The first, published by the Sarcoma Meta-analysis Collaboration (SMAC) in 1997, included 1,568 patients from 14 studies conducted from 1973 to 1990, all having received a doxorubicin-based adjuvant treatment regimen, all at doses lower than those used in modern regimens with growth factor support. This analysis demonstrated an improvement in local recurrence risk, distant (metastatic) recurrence risk, and overall recurrence-free survival. Risk of death also trended lower, but did not achieve statistical significance.36

An update to this analysis was reported in 2008. This new report incorporated not only the original 14 doxorubicin-based adjuvant studies discussed in the original SMAC analysis but also four new studies using anthracycline and ifosfamide (though at doses lower than the modern AIM regimen). In addition to again demonstrating improvement in local recurrence rates, distant recurrence rates, and overall recurrence rates, the authors were able to demonstrate an improvement in OS for patients receiving doxorubicin and ifosfamide-based treatments, with an absolute risk reduction of death of 11% in the patients who received doxorubicin and ifosfamide over no treatment.37

Since the reporting of this updated meta-analysis, another randomized study was conducted by the EORTC, this time using a more modern regimen of doxorubicin 75 mg/m2 and ifosfamide 5 g/m2 (although the dose of ifosfamide was half the dose used in AIM). The study enrolled patients with grade II–III soft tissue sarcomas, with malignant fibrous histiocytoma, liposarcoma, leiomyosarcoma, and synovial sarcoma accounting for 67% of the 176 patients in the control arm and 61% of the 145 patients in the treatment arm. Just under half the patients in each arm had grade III tumors at the central review of pathology. Tumor size ranged from 0.3 to 35 cm in the chemotherapy arm and from 1.2 to 38 cm in the control arm, with the median size being 8.6 and 7.5 cm, respectively. The study failed to show any improvement in relapse-free survival or OS with adjuvant chemotherapy.38 The major criticism of the study stemmed from the inclusion criteria that allowed patients with lower risk for recurrence (small tumors, intermediate grade, all anatomic sites) to be enrolled in the study and the lower dose of ifosfamide used.

9A reanalysis of the data from this EORTC study has recently been reported using a risk stratification tool to better understand the pool of patients enrolled in the study. Using the Sarculator, a recently developed and validated risk assessment nomogram, patients treated on the EORTC adjuvant study with tumors in the extremities and trunk were stratified by their predicted-OS (pr-OS). Patients in the high-risk group had a 10-year pr-OS of ≤51%, the low-risk group had a pr-OS of ≥66%, and the intermediate prognosis patients had a pr-OS from 51% to 66%. This analysis demonstrated half the risk of death (hazard ratio [HR]: 0.46, 95% confidence interval [CI]: 0.23–0.94) in the high-risk group when chemotherapy was given, with the 8-year absolute risk reduction for death being 21.3%, an effect that was not replicated in the intermediate- or low-risk groups.39

Similar findings have also been subsequently obtained in the results of ISG-GEIS-FSG-1001, a study of epirubicin and ifosfamide versus subtype-specific neoadjuvant therapy in five sarcoma subtypes (malignant peripheral nerve sheath tumor, myxoid liposarcoma, leiomyosarcoma, synovial sarcoma, and undifferentiated pleomorphic sarcoma). Patients were treated with either three cycles of epirubicin 120 mg/m2 and ifosfamide 9 g/m2 or a histology-specific regimen. In this study, the patient’s tumors had to be at least 5 cm and deep to investing fascia. Median size of the enrolled tumors was approximately 11 cm in both treatment groups, and the population of tumor types was less heterogeneous than in EORTC 62931, given that it was restricted to only these five tumor types. In this study, patients receiving epirubicin and ifosfamide-based neoadjuvant therapy had a better 46-month disease-free survival rate at 62%, higher than the 36% in the histotype-tailored active chemotherapy group. OS at 46 months was similarly better in the anthracycline plus ifosfamide treatment group. While the study demonstrated that histotype-tailored adjuvant treatment was not better than epirubicin and ifosfamide-based therapy, the most notable finding was the prospectively demonstrated benefit in the epirubicin and ifosfamide arm, the first convincing demonstration of a survival benefit with anthracycline and ifosfamide in a prospective, randomized clinical trial, even when compared to an active control group.40

While adjuvant therapy remains in some respects controversial for patients with soft tissue sarcoma, the preponderance of evidence to date does suggest a measurable improvement in disease-free survival and OS. A more pertinent discussion may be how to appropriately risk-stratify patients with localized sarcomas. The Sarculator is a reasonable tool, but remains limited to patients with retroperitoneal, extremity, and trunk sarcomas and only incorporates more common histologic types. Other sites such as the head and neck, the female reproductive tract, intra-abdominal, and intrathoracic locations are not well characterized by the nomogram. In some of these locations, where wide margins may be difficult to obtain, there may be additional benefits to chemotherapy; a consistent finding in adjuvant/neoadjuvant studies has been an improvement in local relapse-free survival.36

SUMMARY

Localized approaches such as surgery and radiation therapy are the mainstay for localized, resectable, low-risk sarcoma patients. However, a significant portion of patients requires systemic therapy owing to a high risk for recurrence or the presence of metastatic disease. Systemic therapy for sarcoma patients is generally used to facilitate limb (or organ)-sparing surgery, neoadjuvant/adjuvant treatment of high-risk localized disease to decrease the risk of metastases, and for the treatment of metastatic and locally advanced disease with the objective of symptom palliation and prolongation of life. As discussed previously, many new agents with new mechanisms of action are available to sarcoma patients. A goal in medical oncology is to select the appropriate agent and administer it at the appropriate dose for the appropriate patient. The selection of therapy in a given scenario will consider the overall goals of the patient being treated, the patient’s ability to tolerate a treatment, the acceptability of the toxicity profile to the patient, any previous therapies, and, increasingly, the specific histologic subtype of the patient’s tumor. In conclusion, we have entered an era with new systemic agents that are offering hope for our patients impacted by sarcoma.



  *  PD-1 is programmed cell death protein-1, PDL-1 is programmed cell death protein -1 ligand, and CTLA is cytotoxic t-lymphocyte associated protein.
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Soft tissue sarcomas are composed of a heterogeneous group of tumors that demonstrate distinctive clinical behavior based on their inherent tumor biology. As a result, a histology-specific, site-specific approach is recommended. This chapter discusses site-specific surgical principles and highlights histology-specific factors that should assist in guiding the operative approach. The rarity and complexity of soft tissue sarcomas require multidisciplinary evaluation at a sarcoma center in order to determine optimal therapy and maximize outcomes. Preoperative biopsy and confirmation of accurate diagnosis are paramount in most scenarios and allow a histology-specific approach to treatment. Understanding of the patterns of local and/or distant failure should be one component that helps guide the appropriate extent of resection. The optimal extent of resection must be carefully weighed against the associated risks of morbidity and mortality. Surgery plays a significant role in the multimodality treatment of recurrent or metastatic disease in carefully selected patients. Close postoperative follow-up and surveillance are required to identify recurrent disease promptly.
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INTRODUCTION

Soft tissue sarcomas (STSs) are a rare group of mesenchymal tumors that arise from fat, smooth/skeletal muscle, blood vessels, and connective tissue throughout the body. Gastrointestinal stromal tumors (GISTs) are the most common subtype of sarcoma among a heterogeneous group of over 70 different histologic subtypes.1 There are approximately 13,000 new diagnoses expected in 2018 in the United States, occurring most commonly in the extremities (60%) followed by the retroperitoneum/abdomen (20%), trunk (10%), and head and neck region (10%).2,3

A macroscopically complete resection (R0/R1 resection) is the standard of care for patients with localized STS. There are no data demonstrating a survival benefit for wider pathologic margins. This often requires en bloc resection of the tumor and involved adjacent structures. An R2 resection or resection with gross residual disease should be avoided. Because of the rarity of these tumors, a multidisciplinary evaluation at a high-volume sarcoma center is paramount and has been shown to be associated with improved overall outcomes.4 After initial radiographic evaluation with either contrast-enhanced CT or MRI, a percutaneous core-needle biopsy (12–16 gauge) is often required to guide the consideration of preoperative chemotherapy and radiation therapy, as well as guide the scope of operation based on histologic subtype and grade.

The primary site of origin of STS is a significant prognostic factor, with patients with retroperitoneal sarcomas (RPSs) generally having a worse prognosis than those with extremity soft tissue sarcomas (ESTSs). Death in patients with RPS is often secondary to local failure, while death in patients with ESTS is often due to distant failure. This difference in outcome is likely influenced not only by variations in distribution of histologic subtypes, but also by anatomic factors associated with the typically large size of tumor at the time of presentation and frequent multivisceral involvement of RPS. Surgical management of STS should be guided not only by the primary site of origin but also by another key prognostic factor, the histologic subtype. Histologic subtype significantly influences patterns of local and distant failure in addition to survival outcomes.4,5 As a result, instead of a “one-size-fits-all” approach to the surgical management of STS, a histology-specific, site-specific approach is recommended.

This chapter discusses site-specific surgical principles and highlights histology-specific factors that should assist in guiding the operative approach.

EXTREMITY AND TRUNCAL SARCOMA

Extremity and truncal STS often present as a palpable mass and can vary considerably in size at the time of presentation from a small superficial mass to a large, deep compartment thigh mass. After a thorough history and physical examination, radiographic evaluation by MRI (or CT) can be helpful in determining the extent of soft tissue involvement and identify any critical adjacent structures. Imaging alone is very rarely sufficient enough for diagnosis, and percutaneous biopsy is generally recommended. One exception to this is in the case of an atypical lipomatous tumor (ALT)/well-differentiated liposarcoma (WDLPS), which is characterized by a well-encapsulated, homogeneous fat-dense mass, often with thick internal septations (Figure 2.1A and 2.1B). Preoperative biopsy may be deferred in this case with upfront resection of the mass to include a thin rim of normal muscle, fat, or fascia. When biopsy is obtained, a 12- to 16-gauge needle is recommended for a core-needle biopsy, because fine-needle aspiration rarely yields sufficient cellular material for diagnosis and does not maintain enough tissue architecture to distinguish between types of sarcoma, which is critical to optimal treatment planning. 14A core-needle biopsy should be performed using image guidance by an interventional radiologist in order to ensure the solid component of a mass (as opposed to a necrotic or hemorrhagic component) is the target of biopsy when present. While the risk of needle tract seeding is exceedingly rare, the needle tract is typically oriented such that it will be incorporated in either the planned surgical incision or radiation field, though this is not mandatory. An incisional biopsy is rarely indicated; however, when required, the incision should be placed along the long axis of the extremity such that this incision can be incorporated into the incision used for definitive resection.



[image: ]

FIGURE 2.1  (A) Axial and (B) coronal images from MRI demonstrating homogeneously T1-hyperintense mass with hypointense internal septations suggestive of an atypical lipomatous tumor.





The landmark randomized controlled trial performed by Rosenberg et al. in 1982 significantly changed the treatment paradigm for ESTS.6 The results of this trial shifted the historical standard of care from amputation to a limb-sparing approach with no significant difference in overall survival (OS). Optimal outcomes are achieved with multidisciplinary evaluation with utilization of neoadjuvant/adjuvant chemotherapy and/or radiation therapy for tumors with a high risk of local or distant recurrence. The goal of surgery is a function-preserving, limb-conserving resection with negative microscopic margins (R0 resection). Although the data on margin status and survival are conflicting, negative microscopic margins have been shown to significantly improve local control rates.7–10 Local control and survival may be preserved in the setting of an anticipated positive margin adjacent to a critical underlying structure when combined with preoperative radiation therapy.11

The surgical management of ESTS begins with a critical review of preoperative imaging in order to guide placement of incision in relation to the mass and adjacent critical structures. Understanding of functional anatomy is required in order to optimally balance oncologic resection and postoperative functional status. Resection should include the mass with a 1- to 2-cm rim of adjacent subcutaneous fat, muscle, or fascia, although narrower margins suffice when an anatomic barrier (such as fascia) is removed or radiation therapy is also used. Resection of overlying skin may be required and should be anticipated in order to coordinate potential reconstruction with a skin graft, rotational flap, or free flap. If a mass is superficial to the fascia, the fascia can be resected as the deep margin. When the underlying fascia is involved, the fascia should be resected along with the rim of underlying uninvolved muscle. Tumors abutting critical blood vessels, nerves, bone, and other structures require multidisciplinary evaluation as preoperative radiation and chemotherapy may allow these critical structures to be spared from en bloc resection without compromising oncologic outcome.11,12 When en bloc resection is required, for instance, when a structure is encased by tumor and salvage would require disruption of tumor capsule, vascular reconstruction with an autologous or synthetic graft and nerve reconstruction with an interposition graft can be performed. For periosteal involvement without evidence of bone invasion, the periosteum can be resected as a margin. Prophylactic stabilization of the bone to prevent future fracture can be considered depending on the extent of periosteal stripping as well as the total radiation dose and the degree of circumferential exposure within the radiation field.13–15 All specimens should be oriented with marking sutures for pathologic examination. Titanium clip placement at the margins of the tumor bed can guide planning of postoperative radiation therapy if indicated.

Atypical Lipomatous Tumor

ALT is the histologic equivalent of WDLPS of the retroperitoneum. ALTs have a homogeneous fat-dense appearance on imaging and may be difficult to distinguish from an intramuscular lipoma. ALTs 15are low-grade tumors; however, they have a significant local recurrence risk of 20% to 30% with a negligible risk of distant recurrence. While a negative microscopic margin remains the goal, the slow-growing nature of these tumors may allow for a focally positive margin over critical structures in order to preserve limb function. A not uncommon scenario is an incidentally discovered ALT following a marginal excision of a presumed lipoma. Baseline imaging can identify the presence and extent of residual disease. When ALT recurs, the disease-free interval can be long and the growth rate can be slow, so further intervention can be delayed for years and patients can be observed, provided no solid tumor tissue is noted within the area of recurrence on yearly MRI studies. Resection for recurrence may be reserved for those with progressing or symptomatic disease.

Myxofibrosarcoma

Myxofibrosarcomas demonstrate a characteristic growth pattern with a propensity for multiple local recurrences. Commonly arising in the extremities of elderly patients, these tumors have a tendency to infiltrate the surrounding soft tissue with fingerlings often extending beyond the primary appreciable mass of the tumor. When arising intramuscularly, they may be confined by fascial boundaries, but they can frequently demonstrate invasion into adjacent compartments. The microscopic extensions can travel along fascial planes and neurovascular structures and can invade through fascia separating the muscle compartments. Despite local recurrence rates ranging from 18% to 31%, the 5-year OS rates have been reported to be up to 77%.7,16,17 Multiple local recurrences not only limit limb-salvage approaches but often demonstrate higher histologic grade than the primary lesion and have a greater metastatic propensity.18 This highlights the need for aggressive upfront local therapy. Resection should aim for wider margins than other sarcomas, typically 2 to 4 cm around the appreciable mass, and is typically combined with either neoadjuvant or adjuvant radiation and/or chemotherapy. Management of the resulting defect often requires complex closure by a reconstructive surgeon. Closure may be delayed by the use of interim dressings, such as a negative pressure wound therapy dressing, to allow pathologic confirmation of negative margin status as well as margin re-excision in the event of positive margins prior to final wound closure.

Myxoid Liposarcoma

Myxoid liposarcoma is the second most common type of liposarcoma after WDLPS. In contrast to most ESTS, which predominately metastasize to the lungs, myxoid liposarcomas demonstrate a unique tumor biology with a predilection for extrapulmonary distant metastases.19 Distant metastases occur in approximately one-third of patients, with over half of these patients developing bony involvement, with a propensity for the spine.20 MRI of the spine should be included as part of the staging workup, in addition to CT imaging of the chest, abdomen, and pelvis in these patients. The favorable 5-year local recurrence-free survival (RFS; 97.7%) and metastasis-free survival (89.1%) rates are likely a reflection of their particular sensitivity to chemotherapy and radiation therapy.21

Fibromyxoid Sarcoma

Fibromyxoid sarcoma is a low-grade sarcoma that commonly afflicts young male adults, with a propensity for the deep soft tissues of the proximal lower extremities. In contrast to their relatively bland histologic appearance, these tumors demonstrate significant rates of local and distant recurrences, with most recent studies reporting rates of 64% and 45%, respectively.22 Resection should include a 1- to 2-cm rim of normal adjacent tissue when feasible. Local recurrence and distant metastases have been documented as late as 15 and 45 years, respectively, and emphasize the need for prolonged surveillance in these patients.

Undifferentiated Pleomorphic Sarcoma

Undifferentiated pleomorphic sarcoma (UPS; pleomorphic fibrosarcoma, pleomorphic myxofibrosarcoma) is exclusively an intermediate- or high-grade tumor that was previously categorized under the heading “malignant fibrous histiocytoma.” These aggressive tumors are the most common histologic subtype of ESTS and are typically diagnosed in older adults in their sixth and seventh decades of life. UPS has the worst oncologic outcomes of the histologic subtypes arising in the extremity. While these tumors have been reported to demonstrate comparable 5-year local RFS (81.3%) to other common histologic subtypes, 5-year distant metastasis-free survival (DMFS; 56.8%) and disease-specific survival (DSS; 55.6%) are significantly inferior.23 High rates of unexpected R1 and R2 resections highlight the necessity for multimodality therapy.

16RETROPERITONEAL SARCOMA

The retroperitoneum is the primary site in approximately 15% to 20% of patients with STS. The primary site of STS is a known prognostic factor with those arising in the retroperitoneum having a worse prognosis than those arising in the trunk or extremity.24 Tumors of the retroperitoneum present a unique technical challenge owing to their typically large size at presentation and close proximity to critical structures and often require a multivisceral resection. Patients typically present with a new asymptomatic palpable abdominal mass or as an incidental finding during workup of nonspecific abdominal complaints. Initial radiographic evaluation with contrast-enhanced CT can provide details regarding the extent and involvement of adjacent structures, evaluate for metastatic disease, and potentially provide diagnostic information based on histology-specific imaging characteristics. Percutaneous image-guided biopsy is generally recommended in order to confirm diagnosis and histologic subtype, which will guide multidisciplinary evaluation with medical and radiation oncology. A biopsy may not always be warranted, as in the case of preoperative imaging demonstrating a homogeneous fat-dense mass that is suggestive of a WDLPS (Figure 2.2A and 2.2B). In this case, diagnostic information from a biopsy would likely not change the treatment approach. While there is a theoretical risk of needle track seeding with a biopsy, the reported incidence following biopsy is <2%.25

The goal of surgery for RPS is a macroscopically complete (R0/R1) resection of the mass with en bloc resection of directly involved adjacent structures. In contrast to the surgical approach for sarcomas of the extremity where a 2-cm rim of uninvolved surrounding muscle can usually be resected with limited additional morbidity, the close proximity of critical structures in the retroperitoneum requires a balance of oncologic principles and the morbidity associated with resection of these structures. As a result, the appropriate extent of resection and the need to resect adjacent uninvolved structures has been a topic of much debate. Suboptimal 5-year local RFS rates ranging between 42% and 59% despite an R0/R1 resection have prompted the exploration of a more aggressive surgical approach in order to provide improved local control. Some have advocated a compartmental resection approach, which involves a liberal en bloc resection of uninvolved organs in order to obtain a rim of normal tissue surrounding the tumor.26–28 This more aggressive approach has demonstrated significantly improved local recurrence rates; however, no difference in OS has been observed. While more aggressive surgery may improve R0 resection rates, the prognostic significance of converting an R1 to an R0 resection remains unclear.

While the extent of resection continues to be debated, there are several key surgical principles recognized for RPS. Technical principles and consensus guidelines for the surgical management of RPS have been described.29–31 A comprehensive knowledge of the retroperitoneum borders and structures is required in order to guide operative planning as well as to respect anatomic distortions due to the typically large size of these tumors. Anatomic considerations such as involvement of end organ vascular supply and organ encasement must be appreciated. Exposure and operative approach are paramount. Multiple incisions can be used based on the size and location of the mass. Choice of incision should be based on surgeon preference, while maximizing exposure in order to allow manipulation of the mass without disruption of the tumor capsule. A midline incision can access the left or right retroperitoneum with mobilization of intra-abdominal structures, though exposure of the subdiaphragmatic regions and the deep aspects of the retroperitoneum can be challenging, particularly in an obese patient. Alternatively, with the patient in a lateral decubitus position, a lower midline incision that is extended obliquely across the upper abdomen toward the tip of the ninth or 10th rib can provide optimal exposure for tumors involving the right or left upper quadrants and diaphragm, though this has the downside of cutting across the upper abdominal musculature. This incision can then be extended into the chest as part of a thoracoabdominal incision, if needed. For tumors located in the lower retroperitoneum or lateral side of the pelvis, either a transverse flank or modified Gibson incision can provide extraperitoneal access for smaller, low-grade tumors along the spine, psoas, pelvic sidewall, or sciatic notch.



[image: ]

FIGURE 2.2  (A) Axial and (B) coronal CT images of large homogeneous fat-dense mass with radiographic features consistent with a retroperitoneal WDLPS.

WDLPS, well-differentiated liposarcoma.







17TABLE 2.1 Classification System for Rationale for Organ Resection









	Category
	Criteria





	1
	Frank organ invasion/tumor origin



	2
	Tumor involving vascular supply



	3
	Tumor encasement of organ



	4
	Tumor adherent to organ



	5
	Tumor adjacent to organ/required for macroscopic complete resection



	6
	Other (iatrogenic injury requiring resection, incidental resection for another reason)










When considering the need for organ resection, a histology-specific approach should be considered as opposed to a “one-size-fits-all” compartmental resection approach. In contrast to defining the “optimal” extent of resection, a recommended “minimal” extent of anticipated resection can be guided based on histology-specific tumor biology and the likelihood of local invasion. Two recent large studies (>600 patients) have reported histology-specific outcomes for patients undergoing surgery for primary RPS, which have broadened the understanding of the distinct tumor biology associated with individual histologic subtypes.4,5 Both of these landmark studies demonstrated that local and distant failures are significantly influenced by histologic subtype. Additionally, histologic subtype can also predict the likelihood of histopathologic organ invasion (HOI), and thus necessitate the need for adjacent organ resection.32 Recently reported data have demonstrated that HOI is present in 26% of resected adjacent organs and is an independent predictor of worse 5-year OS. The likelihood of HOI is influenced by histologic subtype, with patients with dedifferentiated liposarcoma (DDLPS), leiomyosarcoma (LMS), and WDLPS found to have HOI rates of 61%, 56%, and 40%, respectively. Rationale for organ resection may further predict the likelihood of HOI when classified using a six-tier classification system (Table 2.1). HOI has been shown to be present in 65% of organs resected when the surgeon felt the tumor was frankly invading the organ intraoperatively.33 When a tumor is encasing or adherent to an organ, HOI is present in 19% and 26%, respectively.

Well-Differentiated Liposarcoma

WDLPS is a low-grade malignancy and is the most common subtype of liposarcoma. WDLPS is characterized by a negligible risk of distant failure, but a significant local recurrence risk of approximately 25% at 8 years, which remains constant over time. Surgical management of these tumors and the extent of resection should reflect their less aggressive tumor biology. The lower likelihood of HOI may justify avoiding nephrectomy when possible, as long as the tumor could be removed without violating the tumor capsule. While local failure is the primary cause of disease-specific death, there is typically less of a need for adjacent organ resection, knowing that a local recurrence can often be managed with observation, radiation therapy, or additional surgery.

Dedifferentiated Liposarcoma

DDLPSs are associated with a more aggressive tumor biology characterized by a significant risk of both local and distant failure. These tumors demonstrate a high rate of HOI that necessitates a more aggressive approach to adjacent organ resection. Multimodality therapy should be considered. The results of the recently completed European Organization for Research and Treatment of Cancer (EORTC) Phase 3 trial (STRASS) will better define the role of neoadjuvant radiation therapy in the local control of RPS.34 Efforts to investigate the utility of systemic chemotherapy in the management of these patients are in development. Review of preoperative imaging is critical in order to appreciate any surrounding well-differentiated homogeneous fat-dense component in addition to the more solid and heterogeneous dedifferentiated component. A common problem noted in sarcoma centers is that patients 18may undergo surgery for a presumed renal cell carcinoma or ovarian cancer, in which a solid mass is removed, and it then turns out to be DDLPS. The surrounding abnormal fat consistent with WDLPS was not originally recognized, and thus was left behind as a large volume of residual disease.

Leiomyosarcoma

LMS is an aggressive histologic subtype that is thought to originate from a smooth muscle lineage. LMS is characterized by a relatively low risk of local recurrence but a very high risk for distant metastases. An approach to the primary tumor less aggressive than for DDLPS may be justified when the overall outcome in these patients will be ultimately dictated by distant metastases (though an R0/R1 resection, with a margin where possible, is still indicated). These tumors can be technically challenging when arising from the smooth muscle cells of the inferior vena cava or renal vein. The surgical approach for LMS of vascular origin often requires consultation with a vascular surgeon to aid with reconstruction depending on the extent of resection and intraoperative findings.

Solitary Fibrous Tumors

Solitary fibrous tumors (SFTs) are a rare group of sarcomas that are characterized by a more indolent natural history when arising in the retroperitoneum. While malignant and dedifferentiated variants demonstrate more aggressive behavior, the less aggressive classical variant of SFT predominates in the retroperitoneum. These tumors are typically associated with low rates of local recurrence and distant metastasis.35,36

Schwannoma

Schwannomas are benign nerve sheath tumors that can occur sporadically or as a manifestation of neurofibromatosis types 1 and 2. Schwannomas are the most common benign tumor arising in the retroperitoneum. These tumors often present as incidental findings on cross-sectional imaging, and percutaneous biopsy is usually warranted in order to rule out more common malignant retroperitoneal tumors. Schwannomas can present a significant technical challenge when arising from a named nerve or from a sacral nerve root at the level of a foramen. The benefit of resection must be carefully weighed against the potential morbidity associated with resection. A subtotal resection can be considered in order to limit morbidity because of the near-negligible risk of local recurrence or malignant transformation.

VISCERAL SARCOMAS

Sarcomas arising from intra-abdominal viscera demonstrate a distinct clinical behavior and require a histology-specific treatment approach. The two most common visceral sarcomas are intra-abdominal visceral LMS and GIST. The discovery that most GISTs express the receptor tyrosine kinase KIT (CD117) by Hirota et al. in 1998 led to more accurate distinction between these two subtypes and, more importantly, transformed the management of GISTs with the development of tyrosine kinase inhibitors.37

Gastrointestinal Stromal Tumor

GIST is the most common subtype of sarcoma and accounts for 18% of sarcoma diagnoses. The management of GIST is unique compared to other sarcoma subtypes owing to the presence of the gain-of-function c-kit mutation and subsequent efficacy of targeted tyrosine kinase inhibitors in the treatment of these tumors. With c-kit mutations present in approximately 85% of GISTs, imatinib mesylate (Gleevec; Novartis, Basel, Switzerland) is considered the standard of care in the neoadjuvant and adjuvant setting in appropriately selected patients.

A macroscopically complete resection is the cornerstone of the management of GIST as it is the only potentially curative therapy. Preoperative workup should include contrast-enhanced CT imaging of the abdomen and pelvis. Routine imaging of the chest for staging is not required because of the rarity of pulmonary metastases. Percutaneous biopsy is typically warranted in order to confirm diagnosis and potentially guide the use of neoadjuvant imatinib therapy. Diagnosis can be confirmed on immunohistochemistry with characteristic expression of markers including KIT (CD117, 85%), CD34 (60%–70%), smooth muscle actin (30%–40%), and S-100 (5%).38 Additionally, DOG1 expression is present in >95% of GISTs, is rarely expressed on other tumors, and can identify KIT-negative GISTs with/without PDGFRA mutations.39

19Surgery should begin with careful exploration of the abdomen in order to identify any undetected metastatic disease. As is true with RPSs, exposure is critical, so that the tumor can be removed with limited manipulation in order to avoid rupture of the tumor capsule. Wide margins are not required for GIST and due to the low incidence of lymph node metastases, lymphadenectomy is not required. While an R0 resection is optimal, similar rates of RFS have been demonstrated after R1 resection. Typically, localized tumors involving the stomach and small bowel can be approached with a wedge or segmental resection. More extensive resections may be required for tumors involving the proximal stomach/gastroesophageal junction, duodenum, and rectum. For these technically challenging scenarios, the use of neoadjuvant imatinib can be considered to facilitate a less extensive resection. Neoadjuvant imatinib also has utility in potentially downstaging a tumor in order to allow a laparoscopic approach. A laparoscopic approach for gastric GISTs of 2 to 5 cm has been shown to be safe without compromising oncologic outcomes and has subsequently been endorsed by the National Comprehensive Cancer Network (NCCN) guidelines. Outcome data for nongastric sites are sparse and it should only be attempted by oncologic surgeons with an advanced laparoscopic skill set.

GISTs that are 2 cm and smaller require special mention as these are often discovered incidentally and the majority likely do not require surgical resection. Resection of these small GISTs should be considered in the presence of high-risk endoscopic features such as irregular extraluminal border, heterogeneous echo pattern, presence of cystic spaces, and echogenic foci. In the absence of these findings, currently, the NCCN guidelines recommend endoscopic surveillance every 6 to 12 months. Endoscopic removal is generally discouraged because of increased risk of positive margins, tumor spillage, and perforation.

All patients should be evaluated for the need for adjuvant imatinib. Multiple prospective, randomized clinical trials have evaluated the efficacy and duration of adjuvant imatinib.40–42 The need for adjuvant imatinib is based on the estimation of risk of recurrence, which typically takes into account tumor size, mitotic index, and primary tumor location. Multiple risk calculators have been developed, and in general, at least 36 months of adjuvant imatinib is recommended for patients with intermediate or high risk of recurrence. All patients who undergo neoadjuvant imatinib treatment should be continued on adjuvant imatinib for a total of 36 months of combined treatment owing to the inability to accurately assess recurrence risk from the treated surgical specimen. Treatment therapy and dosing of imatinib can be guided by genotype analysis. While the standard dosing of imatinib is 400 mg/day, extrapolating data from patients with recurrent/metastatic GIST, patients with a KIT exon 9 mutation may demonstrate improved results at a higher dose of 800 mg/day.43 Patients with a succinate dehydrogenase (SDH)-deficient GIST or platelet-derived growth factor receptor-alpha (PDFGRA) D842V GIST are insensitive to imatinib treatment and require alternative treatment strategies. Surveillance imaging with CT imaging of the abdomen and pelvis should be obtained every 3 to 6 months for the first 3 to 5 years and then annually thereafter. Routine surveillance imaging of the chest is not indicated because of the rarity of pulmonary metastases.

Visceral LMS

Visceral LMS is the most common non-GIST intra-abdominal visceral sarcoma. Intra-abdominal LMS is much rarer than LMS arising in the retroperitoneum and extremities, and available data are generally limited to case reports and case series. Data reported on visceral LMS before the year 2000 are likely confounded by the inclusion of GISTs that were often misclassified prior to the discovery of their diagnostic molecular marker profile. Visceral LMS lacks KIT, CD34, and DOG1 molecular markers, which are present in GISTs, and express smooth muscle markers such as desmin and smooth muscle actin.

Initial workup of visceral LMS is similar to that of GIST with contrast-enhanced CT imaging and endoscopic or percutaneous biopsy. These tumors do differ from GISTs in their propensity to demonstrate a higher rate of local recurrence, whereas GIST rarely recurs locally. The goal of surgery is an R0 resection, with wide margins recommended in order to avoid an R1 resection. Inferred from LMS of the extremity, R1 resection is associated with worse survival. Lymphadenectomy is not indicated for visceral LMS.

The limited data available for visceral LMS suggest they demonstrate similar behavior to their retroperitoneal counterparts. The risk of local and distant failures has been reported to be 21% and 43%, respectively, at 5 years.44 The lung is the most common site of distant metastases. Notably, distant recurrences have been reported in approximately 10% of patients beyond 5 years from original diagnosis, and this highlights the need for continued surveillance with CT imaging of the chest, abdomen, and pelvis beyond the standard 5 years.

20BREAST SARCOMAS

Breast sarcomas are a rare group of tumors that can arise from the breast parenchyma or from the skin of the breast. The two most common histologic types are angiosarcoma and phyllodes tumors. These tumors demonstrate distinctive tumor biologic features that guide their specific treatment approach and overall outcomes.

Primary Angiosarcoma

Primary angiosarcoma arises from the breast parenchyma and is typically seen in young women aged 30 to 50 years. No predisposing risk factors have been identified for primary angiosarcoma. These tumors typically present as a palpable mass and are often diagnosed after a workup including a mammogram, ultrasound, and biopsy. Once diagnosis is confirmed, staging workup should include CT imaging of the chest, abdomen, and pelvis, as well as an MRI study of the breast.

Surgery is the only potentially curative treatment for primary angiosarcomas. Unlike conventional breast cancer that may potentially be amenable to a breast-conserving surgical approach when combined with radiation therapy, the sensitivity of breast angiosarcomas to radiation is unknown (although there is no biologic reason that their sensitivity to radiation would be different from that for sarcomas occurring in other anatomic sites). Therefore, simple mastectomy is the preferred approach. On rare occasions when breast conservation may be an option (small tumor in a woman with breast of an appropriate size that lumpectomy is feasible), surgery short of a mastectomy may be reasonable to consider. However, the utility of radiation therapy, owing to the rarity of reported cases, is uncertain. En bloc resection of skin or pectoralis major may be required in order to obtain an R0 resection if in close proximity. Axillary lymph node dissection is not routinely performed because of the low incidence of reported nodal metastases. While angiosarcomas are often responsive to chemotherapy, the role of chemotherapy in the adjuvant setting is unclear as no definitive benefit has been demonstrated, but could be considered in patients at high risk for recurrence and in the neoadjuvant setting to facilitate breast-sparing surgery. Surveillance usually consists of breast/chest wall MRI and CT of the chest, abdomen, and pelvis.

Secondary Angiosarcoma

Secondary angiosarcomas develop in the setting of prior radiation therapy or chronic lymphedema (Stewart–Treves syndrome). As a result, these patients tend to be older than primary angiosarcoma patients. Radiation-associated breast angiosarcoma often occurs in patients who have undergone breast-conserving surgery followed by radiation for breast carcinoma. This tumor type is distinct from primary angiosarcoma as it arises from the dermis and subcutis in the area of the radiation field.

The surgical approach for radiation-associated breast angiosarcoma reflects its inherent tumor biology and is much more extensive than that for primary angiosarcoma. A radical resection, which involves a mastectomy along with resection of all the skin in the radiation field, is required because of the multifocality of these tumors and the fact that the entire area in the radiation field is at risk for disease. This involves removing all the skin extending from the clavicle superiorly, rectus fascia inferiorly, sternal border medially, and latissimus dorsi laterally. Resection of the pectoralis major muscle may be required if it is directly involved, in order to ensure an R0 resection. Collaboration with a reconstructive team is required to facilitate wound closure with skin grafting and/or rotational flap. This radical approach has been shown to reduce recurrence rates and improve DSS when compared to less extensive resection involving only wide local excision or mastectomy with only partial skin resection.45 While local recurrences can be appreciated by physical examination, because of a significant risk of distant recurrence, surveillance imaging should include CT imaging of the chest and abdomen.

Phyllodes Tumor

Phyllodes tumors are rare fibroepithelial tumors of the breast that can display varying levels of aggressive behavior. While the majority of these tumors are classified as benign, they can also be categorized as borderline and malignant, depending on the degree of stromal cellular atypia, mitotic activity, presence of infiltrative tumor margins, and presence of stromal overgrowth. Phyllodes tumors often present as a large palpable mass in women in their fifth and sixth decades of life. Core biopsy is typically diagnostic, demonstrating a classic leaf-like architecture on pathologic review.

The surgical approach involves resection with a margin of at least 1 cm. This may be accomplished with a lumpectomy, depending on the size of the tumor; otherwise, a simple mastectomy is required. Axillary lymph node dissection is not required because of the low incidence of regional lymph node involvement. While not indicated for benign phyllodes tumors, adjuvant radiation may be considered 21in patients with borderline or malignant tumors in order to reduce local recurrence rates.46 The presence of stromal overgrowth is associated with a high risk of distant recurrence and results in consideration for neoadjuvant/adjuvant chemotherapy. Physical examination is adequate for surveillance of a local recurrence and should be combined with CT imaging of the chest, abdomen, and pelvis for borderline and malignant tumors.

CUTANEOUS SARCOMAS

Sarcomas originating from the dermis and subcutis are a heterogeneous group of tumors that display a wide range of clinical behavior. These tumors may present as a pigmented lesion or subcutaneous nodule that may be difficult to initially distinguish from more common benign and malignant lesions.

Dermatofibrosarcoma Protuberans

Dermatofibrosarcoma protuberans (DFSP) is a rare cutaneous sarcoma that can demonstrate aggressive local behavior. These tumors often present as a slow-growing mass that may manifest as a pigmented skin papule. They commonly arise in the trunk and proximal extremities and often infiltrate the surrounding soft tissue beyond the appreciable mass. Core biopsy can guide the extent of resection; however, often, DFSP may be an incidental finding after initial marginal resection for an unknown superficial mass.

Resection involves wide margins of at least 2 to 4 cm carried down to the level of the underlying fascia. Reconstruction with a skin graft or local flap may be required. Intraoperative margin assessment is challenging as the surrounding fat is not amenable to frozen section analysis. Mohs micrographic surgery is generally not recommended because of lack of long-term results, though it may be considered for tumors in sensitive locations such as the face. Surveillance should include physical examination for detection of a local recurrence. In approximately 5% to 10% of patients, a more aggressive fibrosarcomatous variant will be present. This histologic subtype is associated with a higher rate of local recurrence and propensity for distant metastases. While the surgical approach is similar to that of the classic variant, the behavior of this variant justifies consideration of (neo)adjuvant radiation. Furthermore, surveillance in this subset of patients with the fibrosarcomatous variant may include local imaging with either a chest x-ray or CT imaging of the chest, abdomen, and pelvis.

Atypical Fibroxanthoma

Atypical fibroxanthoma is a cutaneous sarcoma that often arises in sun-exposed skin of the head and neck of older patients. These tumors typically present as a solitary red papule or nodule that may ulcerate and occasionally bleed. Atypical fibroxanthomas demonstrate fairly benign behavior and require resection of the entire tumor with negative margins.

Pleomorphic Dermal Sarcoma

Pleomorphic dermal sarcomas are a group of more aggressive cutaneous sarcomas with a greater propensity for both local and distant recurrence. Pleomorphic dermal sarcomas can be difficult to distinguish from atypical fibroxanthomas; however, the former demonstrates invasion into the subcutaneous fat and may demonstrate a higher mitotic count in addition to lymphovascular and perineural invasion. As a result, resection requires wider margins of at least 2 cm. Adjuvant radiation therapy may be considered. Surveillance should include physical examination of the primary site and CT imaging of the chest.

DESMOID TUMOR

Desmoid tumors are a rare group of tumors that account for <3% of all sarcomas. Also known as desmoid fibromatosis or aggressive fibromatosis, these tumors are histologically benign and lack the ability to metastasize. Desmoid tumors can demonstrate variable clinical behavior and have the ability to be locally aggressive with high local recurrence rates after wide local excision. Desmoid tumors also demonstrate a propensity to occur during pregnancy. Core-needle biopsy can confirm diagnosis and aid in directing management strategy.

While the majority of desmoid tumors occur sporadically, approximately 10% develop in the setting of a germline mutation in the adenomatous polyposis coli (APC) gene that is associated with familial adenomatous polyposis (FAP). Desmoids have been reported to develop in 10% to 20% of patients 22with FAP, with the majority arising within the abdomen and the abdominal wall. Notably, desmoids in patients with FAP also demonstrate a propensity to arise at incision sites from previous surgery. Intra-abdominal desmoids present a technical challenge as they often involve the bowel mesentery and mesenteric vessels, resulting in significant morbidity.

The management of desmoid tumors has evolved with the pendulum swinging away from an aggressive surgical approach to a much more conservative, watchful waiting approach. While some tumors may be locally aggressive, others may demonstrate more indolent behavior and even spontaneously stabilize or regress (approximately 20% spontaneous regression rate). An initial period of observation is recommended for asymptomatic tumors, even when initially resectable. In the setting of progressive or symptomatic disease, multiple options are available, including cytotoxic chemotherapy (doxorubicin ± dacarbazine, liposomal doxorubicin, vinorelbine + methotrexate), tyrosine kinase inhibitors (imatinib, sorafenib), nonsteroidal anti-inflammatory drugs (indomethacin, sulindac), and antihormonal agents (tamoxifen). Surgery is typically reserved for refractory tumors, especially for mesenteric desmoids, where surgery can be associated with significant morbidity. In the case of pregnancy-associated abdominal wall desmoids, surgery can be considered earlier following a period of observation because of favorable outcomes following resection in this cohort of patients.

RECURRENT SARCOMA

While surgery is the mainstay treatment for most STS, despite a successful resection with negative margins, recurrence rates remain significant. Systemic therapies may be the first-line treatment in patients with recurrent disease, particularly those with high-grade tumors. This provides the opportunity to gain control of the disease and allow time to understand the tumor biology and disease trajectory. Surgery in the setting of recurrent disease may be considered in a select group of patients. It is vitally important that these complex patients undergo multidisciplinary evaluation at a sarcoma center in order to optimize outcomes.4,28,29,47 Site- and histology-specific factors should guide the surgical management in these patients.

Recurrent RPS

The most common cause of death in patients with RPSs is from a local recurrence. The potential survival benefit of surgery must be carefully weighed against the potential morbidity associated with these challenging cases. Resection of a local recurrence or distant metastasis has been shown to significantly improve 5-year OS, compared to those patients who do not undergo resection.48 Longer time to recurrence is a significant predictor of improved OS.

The surgical management of patients with localized recurrent disease mirrors that of primary disease. The goal of surgery is a macroscopically complete resection with en bloc resection of involved adjacent organs. Surgery in patients with a multifocal recurrence should be considered for palliative purposes weighed against the poor overall outcomes in these patients. The true survival benefit after resection of distant metastases is unclear and should be addressed on a case-by-case basis. The lungs are a common site of metastases and can be considered for resection in the absence of extrathoracic disease, when the primary tumor is treatable/has been treated, and a complete resection can be achieved.49–51 Surgery is not recommended in patients with a concurrent local recurrence and distant metastasis.

Metastatic GIST

Metastatic disease is present in up to 50% of patients at the time of presentation with GIST.42 Tyrosine kinase inhibitor therapy is the first-line therapy in patients with metastatic disease. Despite the effectiveness of tyrosine kinase inhibitors in controlling the disease, a complete response is very rare. Additionally, the response to tyrosine kinase inhibitor therapy is not indefinite, with the median time to progression on imatinib being 24 months,52 on sunitinib malate being 6.8 months53 (Sutent; Pfizer, New York, NY), and on regorafenib being 4.8 months54 (Stivarga; Bayer, Leverkusen, Germany). As a result, surgery can play a key role in carefully selected patients, with the aim of prolonging time to progression by removing disease before secondary resistance develops and eliminating resistant clones.

The goal of surgery in patients with metastatic GIST is a macroscopically complete resection and should include en bloc resection of involved adjacent organs. Attempts to conduct a randomized clinical trial to study the outcomes of cytoreductive surgery in patients with metastatic GIST have been unsuccessful because of poor patient accrual. Multiple retrospective studies have demonstrated that cytoreductive surgery may result in prolonged progression-free survival in patients with responsive or 23stable disease on tyrosine kinase inhibitor therapy at the time of surgery (when compared to surgery in those with progressive disease).55–59 The morbidity associated with these complex operations must be examined, and prediction of significant postoperative morbidity can be aided by a recently published surgical complexity scoring system.60 A planned R2 resection may be justified for symptom palliation; however, resection of only tyrosine kinase inhibitor–resistant lesions while leaving lesions that are responsive to treatment likely provides no benefit.

SUMMARY

STSs are composed of a heterogeneous group of tumors that demonstrate distinctive clinical behavior based on their inherent tumor biology. The rarity and complexity of these tumors require multidisciplinary evaluation at a sarcoma center in order to determine optimal therapy and maximize outcomes. Preoperative biopsy and confirmation of accurate diagnosis are paramount in most scenarios and allow a histology-specific approach to treatment. Understanding of the patterns of local and/or distant failure should be one component that helps guide the appropriate extent of resection. Additionally, anatomic considerations and likelihood of adjacent organ involvement should be considered. The optimal extent of resection must be carefully weighed against the associated risks of morbidity and mortality. Close postoperative follow-up and surveillance are required to identify recurrent disease promptly. Surgery can play a significant role in the multimodality treatment of recurrent or metastatic disease in carefully selected patients.
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Pathology of Sarcoma
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Sarcoma is defined as a malignant neoplasm whose phenotype recapitulates cells of mesodermal derivatives including the connective tissue, muscle, and peripheral nerve sheath. Biologically, sarcomas have the potential to progressively enlarge, grow with an infiltrative pattern, and metastasize. This chapter discusses the classification, clinical manifestations, diagnosis, and prognosis of bone and soft tissue sarcoma. The clinical and morphologic diversity observed in sarcoma is challenging. The diagnosis, classification, prognostication, identification of important biomarkers, and staging of these neoplasms require the integration of radiologic, morphologic, immunohistochemical, and molecular analyses. The identification of genetic abnormalities, biomarkers, susceptibility to immune therapy, and assessment of treatment effect are becoming increasingly important in the management of these neoplasms. The experience and skills required to optimally manage patients with sarcoma reside in the dedicated sarcoma multidisciplinary team.
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INTRODUCTION

The word sarcoma is derived from the Greek term “sarkoun,” which means “fleshy substance or excrescence.”1 Sarcoma is defined as a malignant neoplasm whose phenotype recapitulates cells of mesodermal derivatives including the connective tissue, muscle, and peripheral nerve sheath. Sarcoma arises in any portion of the body; however, most originate in the soft tissues and skeleton.2 Biologically, sarcomas have the potential to progressively enlarge, grow with an infiltrative pattern, and metastasize.3 Most sarcomas disseminate via the vascular system, with the lungs being the most common site for metastatic disease.4 Lymph node metastases from sarcomas are uncommon and occur in approximately 3.5% of cases.5 Tumors associated with the greatest risk of spread to lymph nodes include epithelioid sarcoma and clear cell sarcoma followed by angiosarcoma and synovial sarcoma.6 The defining biologic behavior of sarcoma dictates treatment, which includes surgery, radiation, and systemic therapy.

CLASSIFICATION

The current 2013 World Health Organization (WHO) classification recognizes more than 100 soft tissue and bone tumor entities, and more than 70 are sarcomas.7 The features used to classify sarcomas are their normal tissue counterpart, and this group accounts for the vast majority (Table 3.1). A comparatively smaller number of sarcomas have consistent and distinctive clinicopathologic features, but lack an identified normal tissue counterpart, and their classification is based on their morphologic features (spindle cell sarcoma, small round cell sarcoma)7,8 and their molecular aberrations (EWSR1/FUS–NFATc2-rearranged round cell sarcoma).9

EPIDEMIOLOGY

Sarcomas are relatively infrequent compared to carcinomas.10 In 2018, sarcomas represented approximately 1% of all cancers in the United States, with approximately 13,000 to 16,000 new cases and an overall incidence of 7.1 cases per 100,000 people. They are among the top five causes of cancer deaths for those under 20 years of age, and approximately 5,000 to 6,000 patients die of their sarcomas annually in the United States.11 Most cases are high grade (33.6%) and >5 cm (51.3%), and the 5-year survival rate is estimated to be 71.4%.11,12

CLINICAL MANIFESTATIONS

Clinical features associated with sarcoma depend on their location, size, and rate of growth. Common findings are a progressively growing, deep-seated, firm, and fixed mass that is often associated with pain of varying degrees of severity (Figures 3.1 and 3.2). Some tumors may be superficial, mobile, and asymptomatic. Sarcomas arising in the retroperitoneum, abdomen, or pelvis may achieve enormous size before they produce symptoms (Figure 3.3). Tumors developing in bone may present with a devastating pathologic fracture.13 Occasionally, sarcomas are associated with symptoms secondary to the effects of their metabolic products that cause fever, anemia, lethargy, weight loss, and histamine-like reactions.14



28TABLE 3.1 Major Groups of Sarcoma









	Phenotype
	Type





	Adipocytic
	Atypical lipomatous tumor/well-differentiated liposarcoma
Dedifferentiated liposarcoma
Myxoid liposarcoma
Pleomorphic liposarcomas



	Fibroblastic/myofibroblastic
	Low-grade myofibroblastic sarcoma
Myxoinflammatory fibroblastic sarcoma
Infantile fibrosarcoma
Adult fibrosarcoma
Infantile fibrosarcoma
Myxofibrosarcoma
Low-grade fibromyxoid sarcoma
Sclerosing epithelioid fibrosarcoma



	So-called fibrohistiocytic tumors
	Malignant giant cell tumor of soft tissue



	Smooth muscle/pericytic
	Leiomyosarcoma
Malignant PEComa



	Skeletal muscle
	Embryonal rhabdomyosarcoma
Alveolar rhabdomyosarcoma
Pleomorphic rhabdomyosarcoma
Spindle cell/sclerosing rhabdomyosarcoma



	Vascular
	Retiform hemangioendothelioma
Papillary intralymphatic angioendothelioma
Composite hemangioendothelioma
Kaposi sarcoma
Pseudomyogenic hemangioendothelioma
Epithelioid hemangioendothelioma
Angiosarcoma



	Bone forming
	Conventional osteosarcoma
Well-differentiated intramedullary osteosarcoma
Parosteal osteosarcoma
Periosteal osteosarcoma
High-grade surface osteosarcoma
Secondary osteosarcoma
Extraskeletal osteosarcoma



	Cartilage forming
	Conventional chondrosarcoma
Dedifferentiated chondrosarcoma
Clear cell chondrosarcoma
Mesenchymal chondrosarcoma



	Gastrointestinal stromal tumor
	Malignant gastrointestinal stromal tumor



	Nerve sheath
	Malignant peripheral nerve sheath tumor
Malignant granular cell tumor
Ectomesenchymoma



	Small round cell sarcoma
	Ewing sarcoma and related tumors
Melanotic neuroectodermal tumor



	Notochordal tumors
	Chordoma



	Undifferentiated sarcoma
	Round cell sarcoma
Pleomorphic spindle cell sarcoma
Epithelioid cell sarcoma









PEComa, perivascular epithelioid cell tumor.





DIAGNOSIS

Preoperative Biopsy

Primary diagnosis usually requires tissue biopsy to obtain samples of the tumor for histologic, immunohistochemical, and molecular analysis.15,16 The biopsy site should be selected such that subsequent management of the tumor is not affected. A minimally invasive technique to obtain diagnostic tissue is needle biopsy and this procedure may need to be performed under radiologic guidance—areas of suspected tumor necrosis should be avoided. A minimum of three tumor-bearing cores of tissue is usually sufficient, and there should be consideration for performing frozen section analysis on a portion of one core while the patient is still available to confirm that the diagnostic tissue is retrieved; this can also expedite tissue testing (touch preps for fluorescent in situ hybridization [FISH]) and patient triage.16,17 Fine-needle aspiration cytologic biopsy is usually reserved for documenting recurrence or metastasis. It should be kept in mind that sarcomas are notoriously heterogeneous, and there is a significant potential for sampling error. A minority of tumors may require open biopsy because of failed attempts at needle biopsy, and small superficial tumors may be adequately removed with excisional biopsy by an experienced sarcoma surgeon.17,18
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FIGURE 3.1  Large osteosarcoma of proximal humerus presenting as painful mass.
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FIGURE 3.2  (A) Radiograph of Ewing sarcoma showing poorly defined mass in proximal diaphysis of humerus. (B) Resected tumor is pink, tan, and fleshy, and destroys the bone and extends into the soft tissues. (C) Tumor is composed of sheets of small round cells with little cytoplasm. (D) Immunohistochemical stain for CD99 shows that tumor cells exhibit strong membranous staining. (E) FISH using EWSR1 break-apart probe shows separation of signals indicative of rearrangement.

FISH, fluorescence in situ hybridization.
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FIGURE 3.3  (A) Reformatted coronal CT image of large well-differentiated liposarcoma filling the left side of retroperitoneum and pelvis. (B) Resected tumor composed of lobule of soft yellow fat. (C) Neoplastic cells are adipocytes with enlarged hyperchromatic nuclei. (D) FISH for amplification of MDM2 shows numerous copies of the gene.

FISH, fluorescence in situ hybridization.





Resection Specimens

Surgically excised specimens should be sent to the pathology laboratory in a fresh state directly after removal from the patient. Ideally, the surgeon and pathologist review the specimen together to clarify orientation and proximity of tumor to important anatomic structure, and to identify and assess surgical margins. This can be performed in real time, so that preliminary margin status can be determined and the surgical team can decide whether or not additional tissue removal is necessary to achieve a negative margin. The resected tumor should be cut along its longest axis (Figure 3.4), photographed, and the margins serially sectioned in a perpendicular plane. A small sample of tumor and normal tissue can be collected for biobanking.19 The specimen should then be thinly bread-loafed at 0.5 to 1 cm intervals; described, indicating color, consistency, presence of cysts, hemorrhage, and necrosis; and placed in formalin in an adequately sized container and allowed to fix for at least 12 hours. The guideline for tumor sampling is one block of tissue per centimeter of greatest tumor dimension.20 Bone tumors should be decalcified after fixation, and a portion of viable tumor should be decalcified in an agent that does not damage RNA or DNA, such as EDTA.21

Resected tumors that have been treated with preoperative chemotherapy (osteosarcoma, Ewing sarcoma, dedifferentiated chondrosarcoma, mesenchymal chondrosarcoma, high-grade fibrosarcoma, and high-grade soft tissue sarcomas) require determination of percent tumor necrosis. To accomplish this, the central slab of tumor can be mapped and blocked out in its entirety (Figure 3.5). A section of tumor per centimeter (as determined by its greatest dimension) should be processed from each of the remaining two hemispheres of the specimen. During histologic review, the amount of tumor necrosis on each slide can be estimated and these scores can then be averaged to calculate the overall percentage of tumor necrosis (Figure 3.6). The areas of viable and necrotic tumor can then be located on the map of the slab section, if necessary.
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FIGURE 3.4  Osteosarcoma being cut through its long axis parallel to the underlying bone.
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FIGURE 3.5  Central slab of resected osteosarcoma mapped prior to processing.
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FIGURE 3.6  Osteosarcoma treated with neoadjuvant therapy producing 100% necrosis. The residual trabeculae of neoplastic bone are devoid of tumor cells.





Microscopic Examination

Accurate diagnosis depends on having an adequate quantity of viable tumor to assess architecture, relationship to nonneoplastic tissue, cytologic features, and mitotic activity including atypical forms and necrosis.22 Criteria of malignancy commonly include hypercellularity, nuclear pleomorphism and hyperchromasia, abundant mitotic activity with structurally atypical forms, necrosis, vascular invasion, and the presence of metastasis.22,23 An additional feature of bone tumors is the presence of an infiltrative growth pattern within the medullary cavity with encasement of preexisting bone trabeculae (Figure 3.7). An experienced pathologist can differentiate benign from malignant tumors with a sensitivity of 99.4% and a specificity of 98.7%.24 Once a differential diagnosis is made, immunohistochemistry, cytogenetics, and molecular studies can be performed to establish a precise diagnosis.14,23,25

Grading of Bone and Soft Tissue Sarcomas

The pathologist’s attempt to predict the biologic behavior of sarcoma is reflected in the histologic grade and this is translated into the biologic grades of low and high.15 In other words, grading assesses the aggressiveness of the sarcoma and its risk of metastasis. Histologic grading is the single most significant prognostic factor of sarcoma and, as such, is a major independent predictor of metastasis26 (Table 3.2). Histologic typing alone provides sufficient information for predicting the clinical course in select sarcomas such as synovial sarcoma, Ewing sarcoma, mesenchymal chondrosarcoma, low-grade fibromyxoid sarcoma, well-differentiated liposarcoma, and so on; however, many require formal histologic grading.
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FIGURE 3.7  Osteosarcoma infiltrating the marrow cavity and surrounding individual bony trabeculae.
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The most widely used and clinically validated grading system for soft tissue sarcomas is the French Federation of Comprehensive Cancer Centers (Fédération Nationale des Centres de Lutte Contre le Cancer; FNCLCC) system. It is three tiered (grade 1—low grade, grade 2—intermediate grade, and grade 3—high grade). The FNCLCC grade is based on the parameters of differentiation, mitotic activity, and necrosis. Each of these parameters receives a score: differentiation (1–3), mitotic activity (1–3), and necrosis (0–2). The scores are summed to produce a grade: grade 1, score of 2 or 3; grade 2, score of 4 or 5; and grade 3, score of 6 to 8.27 Sarcomas that are grade 2 or 3 are considered to be biologically high grade.

There is no standardized grading scheme for bone sarcoma; however, there are systems that some investigators have proposed for specific types of sarcomas, especially chondrosarcoma.28 The histologic grading scheme currently recommended for bone sarcoma is that espoused by WHO and is a three-tiered system based on the assessment of standard morphologic criteria, including the degree of differentiation, cellularity, cytologic atypia, mitotic activity, and necrosis.

Another means of integrating clinical and pathologic data in a manner that accounts for sarcoma subtypes is the use of nomograms.29 This method collates multiple clinical and histologic parameters in a given patient and compares the data against a large population of patients with similar parameters whose outcome is known.

Immunohistochemistry

Immunohistochemistry is now an essential adjunct in the evaluation of sarcomas16,30 (Table 3.3). The use of immunohistochemistry should be performed in conjunction with and is guided by morphology and clinical and radiologic information. Familiarity with the pattern of reactivity for each antibody is needed to avoid diagnostic pitfalls. A growing number of antibodies are available that help determine the cell phenotype and proliferative activity. Some antibodies are molecular surrogates and others assess the immune environment.

Genetics and Genomics

From a molecular genetics perspective, sarcomas have traditionally been classified into two broad categories, each of which includes clinically diverse neoplasms. The first category comprises sarcomas with near-diploid karyotypes and simple genetic alterations, including translocations or specific activating mutations. The second category includes tumors with complex and unbalanced karyotypes. More recently, epigenetic deregulation is emerging as a highly prevalent oncogenic mechanism in a wide variety of tumors. Mutations causing epigenetic deregulation seem to occur as early events, in a background of low mutational rate, and may serve as primary drivers of tumorigenesis.31 Examples include histone homozygous deletions and mutations in SMARCB1, and SMARCA4 inactivation in SMARCA4-deficient thoracic sarcomas and in select succinate dehydrogenase (SDH)-deficient gastrointestinal stromal tumor.32

Molecular analysis can be used to identify specific chromosomal abnormalities. Most sarcomas with simple genetic alterations are translocation-associated sarcomas (which account for approximately one-third of all sarcomas).8,33 An expanding list of mesenchymal tumors contains recurrent balanced chromosomal rearrangements, most often translocations, and most fusion genes produced by these rearrangements encode chimeric transcription factors that cause transcriptional deregulation that can be susceptible to targeted therapy (Table 3.4; Figure 3.8). The best cytogenetic technique to evaluate translocation-associated sarcomas is FISH using specific probes. The chimeric gene fusions can also be identified using molecular genetic techniques, including polymerase chain reaction (PCR) and sequence analysis. It should be noted that there is promiscuity among translocations, in that the same genetic rearrangement can be found in different tumors. Therefore, genetic information must always be integrated with clinical, radiologic, morphologic, and immunohistochemical data. Translocation-associated sarcomas tend to arise de novo and, in some cases, harbor only a single defining cytogenetic abnormality that is present at initiation and retained throughout their clonal evolution. Amplifications of specific genes are also of diagnostic and therapeutic importance. As an example, MDM2 and CDK4 amplification provides a useful diagnostic marker for well-differentiated/dedifferentiated liposarcoma and osteosarcoma.
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	Category
	Use
	Antibody





	Lineage markers
	Epithelial differentiation
	Epithelial membrane antigen
Keratins



	Smooth muscle differentiation
	Desmin
Smooth muscle actin
Smooth muscle myosin
Caldesmon
Calponin



	Skeletal muscle differentiation
	Desmin
Myoglobin
MYOD1
Myogenin



	Nerve sheath differentiation
	S-100 protein
SOX10
CD56
CD57
Claudin-1



	Endothelial differentiation
	Factor VIII-related antigen
CD34
CD31
FLI1
ERG
GLUT-1
PROX1
Claudin-5
Thrombomodulin
Podoplanin/D2-40
Wilms tumor 1
Vascular endothelial growth factor receptor 3



	Histiocytic markers
	CD68
CD163
Lysozyme
Factor XIIIa
NKI/C3



	Melanocytic differentiation
	HMB-45
Melan A
MITF
Tyrosinase



	Osteoblastic differentiation
	Osteocalcin
Osteonectin
SATB2
FOS/FOSB



	Round cell tumors
	CD99
WT1
TLE1
BCOR
ETV4
NKX2-2
PAX-7



	Therapy markers
	Immunotherapy (pembrolizumab)
	PD-L1



	ALK inhibitors (crizotinib)
	ALK



	Tyrosine kinase inhibitors (imatinib)
	C-kit
DOG1



	Trk inhibitors (larotrectinib)
	Pan-TRK



	Other useful markers
	 
	Beta-catenin
Brachyury
NB84
TFE3
35MDM2
CDK4
Retinoblastoma
SMARCB1
STAT6
BCL2
MUC4
CAMTA1
H3K27me3
Olig-2
Ki67 (MIB1)









ALK, anaplastic lymphoma kinase.
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FIGURE 3.8  Graphic of tumor cell with gene fusion.





Most high-grade, karyotypically complex sarcomas present de novo; a small minority arise in association with an antecedent lower-grade lesion (dedifferentiated liposarcoma, chondrosarcoma, and osteosarcoma)8,34 (Table 3.5). They differ from translocation-associated sarcomas by their wide range of genetic complexity, DNA copy number alterations, deletions, insertions, and mutations. These sarcomas are usually high grade and aggressive. Examples include high-grade leiomyosarcoma, osteosarcoma, fibrosarcoma, myxofibrosarcoma, angiosarcoma, pleomorphic and dedifferentiated liposarcoma, and undifferentiated pleomorphic sarcoma. The high mutational load in these tumors potentially makes them good candidates for immunotherapy, with drugs such as immune checkpoint inhibitors.3,34,35
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38Targeted Therapy Assessment

Cytotoxic chemotherapy remains the standard of care for most locally advanced and metastatic sarcomas. However, the treatment of patients with sarcoma has entered a period of rapid evolution, and numerous targeted drugs are being approved for use (see Table 3.4). A careful evaluation should be done to assess if a particular tumor is a candidate for precision targeted therapy. Immunohistochemical markers have been developed as surrogates of genomic alterations and activated cell pathways, and the results can be helpful in therapy selection.

PROGNOSIS

The prognosis of sarcoma depends on a variety of aspects including tumor type, grade, size, location, stage, and patient age and medical condition. Sarcomas can be described as being localized (tumor is limited to the site of origin), locally advanced (tumor involves adjacent structures or organs), and metastatic (the sarcoma has spread to a separate part [local or distant] at the time of diagnosis). The overall 5-year survival rate for sarcoma is approximately 71.4%. Most sarcomas (58%) are localized at diagnosis and the 5-year survival rate is 81%. Approximately 18% of sarcomas are locally advanced at diagnosis and have a 5-year survival rate of 58%. Lastly, 14% of sarcomas are metastatic at diagnosis and have a 5-year survival rate of only 16%.11,12,36

STAGING SYSTEMS

In the United States, the American Joint Committee on Cancer (AJCC) Eighth Edition is the major staging system for bone and soft tissue sarcoma.27,28,36 The pathologic staging system is based on the location, size, and extent of the tumor (Table 3.6). Pathologic staging (pTNM) includes data obtained from examination of the resected tumor, such as the size, location, histopathologic type, regional lymph node status, multicentricity, and the presence of distant metastasis.

REPORTING

Several guidelines for reporting sarcomas have been published.35,36 The information generally included in the final report includes the tumor type, grade, immunohistochemical profile, genetic profile, percent necrosis, margin status, presence of lymphovascular invasion, and presence of metastasis to lymph nodes or other sites as appropriate (Table 3.7).

SUMMARY

The clinical and morphologic diversity observed in sarcoma is challenging. The diagnosis, classification, prognostication, identification of important biomarkers, and staging of these neoplasms require the integration of radiologic, morphologic, immunohistochemical, and molecular analyses. The identification of genetic abnormalities, biomarkers, susceptibility to immune therapy, and assessment of treatment effect are becoming increasingly important in the management of these neoplasms. The experience and skills required to optimally manage patients with sarcoma reside in the dedicated sarcoma multidisciplinary team.
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41TABLE 3.7 Reporting System









	Procedure
	Core-needle biopsy



	Curettage



	Excisional biopsy



	Marginal resection



	Wide resection



	Radical resection



	Tumor site
	 



	Tumor location and extent
	 



	Tumor size
	 



	Histologic type
	 



	Mitotic rate
	 



	Necrosis
	 



	Histologic grade
	 



	Lymphovascular invasion
	 



	Margins
	 



	Lymph node examination
	 



	Ancillary studies
	Immunohistochemistry



	Cytogenetics



	Molecular pathology



	Radiographic findings
	 



	Pathologic stage classification
	 



	Previous treatment
	 



	Treatment effect
	 



	Comments
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Radiation Oncology
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Radiation therapy (RT) uses ionizing radiation (IR), which damages DNA to exert the end effect of cell death. IR is a type of radiation that contains enough energy to ionize or eject orbital electrons from an atom and may take the form of particles or electromagnetic waves. This chapter examines the roles of RT in the treatment of different sarcomas. In localized soft tissue sarcomas, the backbone of curative treatment is surgery with wide negative margins. Preoperative, intraoperative, or postoperative RT can maximize local control, though omission of radiation may be considered in select cases, particularly for small (<5 cm), low-grade, superficial tumors. In Ewing sarcoma, RT may be used to treat localized disease when wide margins cannot be achieved with surgery or if surgery would impair function, though the risk of radiation-associated malignancy, especially in pediatric patients, must be considered. In chordoma and chondrosarcoma, RT may have a role when wide local resection cannot be achieved. The chapter also discusses re-irradiation and stereotactic body RT for metastases from sarcomas.
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INTRODUCTION

In 1921, James Ewing described his eponymous tumor as a diffuse endothelioma of bone. In contrast to osteosarcoma, he reported that Ewing sarcoma appeared in adolescents, favored long and flat bones, involved most of the bone shaft while sparing the ends, showed no bone production, and responded exquisitely to radiation.1 The following year, in his 1922 presentation of the Mütter lecture, An Analysis of Radiation Therapy in Cancer, he noted that “basal cell carcinomas,” “endothelioma of lymph nodes, endothelioma of bone and myeloma,” and other rapidly growing tumors were all “peculiarly susceptible to radiation.”2 Under the microscope, he observed that irradiated tumor cells developed “swelling, hyperchromatism, vacuolar degeneration, and solution of fragmentation of nuclei.”

A century later, Ewing’s remarks on the relationship between radiation and cancer cells remain relevant. Radiation therapy (RT) uses ionizing radiation (IR), which damages DNA to exert the end effect of cell death that Ewing described. IR is a type of radiation that contains enough energy to ionize or eject orbital electrons from an atom and may take the form of particles or electromagnetic waves. Ionizing electromagnetic waves include x-rays, which are produced when high-energy electrons hit a target atom such as tungsten or gold, and gamma rays, which are produced by nuclear decay of radioactive isotopes such as iodine-125, iodine-131, and iridium-192. Ionizing particles include electrons, protons, and alpha particles. The susceptibility of cancer cells to IR relies mainly on DNA damage, which results from direct action on DNA or occurs through indirect effects. In direct action, IR directly ionizes the DNA molecule, causing structural damage to DNA bases or the sugar–phosphate backbone that causes single-stranded DNA breaks or double-stranded DNA breaks, which are especially lethal to cells. In indirect action, radiation interacts with water or other organic molecules, which results in free radicals such as hydroxyl and alkoxy molecules, which then subsequently react with and ionize DNA. In most normal cells, DNA damage activates the DNA damage response that can lead to repair of DNA damage and survival after exposure to IR. However, in cancer cells, mutations in genes that regulate the DNA damage response or that drive DNA synthesis and mitosis even in the presence of unrepaired DNA double-strand breaks result in cell death. Broadly speaking, IR can selectively kill cancer cells over normal tissue, though the therapeutic ratio varies for different cancer cells and normal tissues.

In addition to the biologic basis (i.e., cancer-specific mutations) for a therapeutic ratio for IR, RT also achieves a therapeutic ratio from physically delivering more radiation to the tumor than to normal tissue. RT can be delivered either from a radiation source outside the patient, referred to as external beam RT, or from a source adjacent to or inside the patient, in the form of brachytherapy or radionuclide therapy. External beam RT is commonly delivered with a medical linear accelerator (LINAC), which produces a beam of x-ray photons or electrons directed at the tumor within the patient. The x-ray photons are deeply penetrating and are used most frequently to treat sarcomas. The x-rays enter the patient and deposit their maximum energy at a specific depth, which depends on the energy of the x-rays, before exiting out of the patient. Electrons are superficially penetrating, with the depth of penetration proportional to their energy, and may be delivered en face to the patient to treat cancers up to approximately 4 cm in depth. External beam RT can also be delivered using a beam of protons, which like x-rays can deeply penetrate tissue to a specific depth based on energy, but then rapidly deposit all of the remaining energy without exiting out of the patient. Protons may be particularly useful when a sarcoma is adjacent to a critical normal tissue, such as a chondrosarcoma in the skull base.

Since the inception of LINAC-based external beam RT in the 1950s, refinements in treatment planning have improved coverage, conformity, and homogeneity of radiation dose to the tumor. 44Three-dimensional conformal RT (3D-CRT), first used in the 1980s, starts with creating a 3D model of the patient via CT or MRI. Tumor target volumes and normal tissues are then delineated slice by slice, and radiation beams are manually optimized to achieve the prescribed tumor dose to the tumor target volumes while minimizing dose to normal tissues. In the 1990s, treatment planning advanced with intensity-modulated RT (IMRT), in which computerized optimization of multiple radiation beams as well as nonuniform intensity within each beam provide even more conformal and homogeneous coverage, especially for tumors with complex shapes. Modern 3D-CRT or IMRT is often image guided with x-ray or low-dose CT imaging in the treatment room prior to each fraction, to optimize patient position before treatment and thereby improve accuracy. Improved accuracy of radiation delivery also results from advances in patient immobilization, so that the patient is in the same treatment position each day and in approaches to minimize tumor motion, such as respiratory gating strategies.

Another important consideration of RT is fractionation and total dose. Radiation dose is prescribed in gray (Gy) and the unit of absorbed IR in joules per kilogram. Conventional fractionation is typically 1.8 to 2 Gy/day to a total dose of about 50 to 70 Gy in the curative setting. Stereotactic radiosurgery (SRS), which was developed in the 1950s, is used for brain tumors, and it describes a single highly conformal fraction of approximately 18 to 24 Gy. Over the past two decades, this technology has been applied to other sites and termed stereotactic body RT (SBRT) or stereotactic ablative RT (SABR), in which one to five large fractions are delivered with highly accurate stereotactic guidance to target extracranial tumors, such as pulmonary or spine metastases from sarcomas.

In contrast to external beam RT, brachytherapy places a sealed radioactive isotope such as iridium-192 directly within or adjacent to the tumor for a specified period of time. In this setting, the radiation acts over a short distance because the dose falls off with the square of the distance from the radiation source(s). Brachytherapy is typically used following surgery for soft tissue sarcomas (STSs) when catheters can be placed in the tumor bed to facilitate delivery of the radioactive isotope.

In radionuclide therapy, an unsealed radioactive isotope is ingested by or injected into the patient. Examples include iodine-131, which accumulates in thyroid cells and is used to treat hyperthyroidism and thyroid cancer; yttrium-90–labeled rituximab in non-Hodgkin lymphoma; and transarterial radioembolization with yttrium-90 in liver metastases.

Intraoperative RT (IORT), which is a single fraction delivered at the time of surgery, can use either external beam RT with electrons or brachytherapy with radioactive isotopes. IORT has been used to treat extremity and retroperitoneal sarcomas. An advantage of IORT is direct target visualization and physical manipulation of normal tissues, such as the intestine, away from the target.

SOFT TISSUE SARCOMA

The cornerstone of curative treatment for localized STS is surgery with negative margins. Historically, local control rates following local excision alone were 10% to 50%. Thus, radical resection or amputation was often favored over local excision, which could improve local control rates to >80% at the cost of limb function. Adjuvant RT enhances local control after limb-sparing surgery and is typically employed for large (>5 cm), intermediate, or high-grade sarcomas located deep to the fascia. RT may be delivered preoperatively, intraoperatively, or postoperatively, and the timing of RT with respect to surgery can be tailored to individual patients. Preoperative RT generally allows for smaller radiation field size, lower total radiation dose, and improved functional outcomes, however, with higher rates of acute wound complications. Thus, preoperative RT may be favored for young patients, who would likely recover well from an acute wound complication and who, if cured of their tumor, would be expected to live for many years and would benefit from the anticipated reduction in late radiation toxicity with preoperative RT. In contrast, postoperative RT may be preferable for elderly patients with multiple comorbid conditions, who may be at higher risk for significant morbidity from a wound complication and for whom late radiation effects may be a lesser concern. Current guidelines from the National Comprehensive Cancer Network recommend 50 Gy in the preoperative setting, with postoperative boost reserved for positive margins only.3 Fifty gray is also utilized in the postoperative setting; however, a tumor bed boost of at least 10 Gy is given for negative margins, 16 to 18 Gy for microscopically positive margins, and 20 to 26 Gy for gross residual disease. Ultimately, the decision of preoperative versus postoperative RT should be made with the patient in a multidisciplinary evaluation involving the surgeon and radiation oncologist, taking into account clinical features such as size and grade of the sarcoma, type and extent of surgery required, patient comorbid conditions, and the potential consequences of a wound complication and late effects of radiation.

45Postoperative RT

In the 1970s, external beam RT was advocated as a means to improve local control following local excision of STSs. In 1982, the National Cancer Institute (NCI) published a prospective randomized trial of 43 patients with high-grade STS, comparing amputation to wide local excision with adjuvant RT.4 Both groups received adjuvant chemotherapy with doxorubicin, cyclophosphamide, and methotrexate. RT dose was 50 Gy to the area at risk for microscopic spread and an additional 10 to 20 Gy tumor bed boost. On multivariate analysis, positive margins were associated with increased local recurrence. Local recurrence was observed in 4/27 patients who underwent limb-sparing surgery and in 0/16 patients who underwent amputation. No difference in 5-year disease-free survival (71% vs. 78%) or overall survival (83% vs. 88%) was seen between the limb-sparing versus amputation groups. This study concluded that the local excision with postoperative RT was an acceptable alternative to amputation.

Following the 1982 NCI study, the benefit of postoperative RT after limb-sparing surgery was directly tested in another NCI study published in 1998.5 This trial randomized 141 patients, 50 patients with low-grade STS and 91 patients with high-grade STS, to receive postoperative RT of 45 Gy to a wide field and an additional 18 Gy tumor bed boost. Patients with high-grade STS also received postoperative chemotherapy with doxorubicin and cyclophosphamide, either alone or concurrently with radiation. At a median 9.6 years of follow-up, in the high-grade STS group, local recurrence was observed in 9/47 patients who received postoperative chemotherapy alone and 0/44 patients who received postoperative chemotherapy and RT (p = .003). In the low-grade STS group, local recurrence was observed in 8/24 patients who received no adjuvant therapy and 1/26 patients who received postoperative RT (p = .016). No difference in distant metastases or overall survival was seen with the addition of RT. A concurrent quality-of-life study demonstrated that patients who received RT had transient worsening of muscle strength and edema in the first year after surgery as well as decreased joint motion up to 3 years after surgery, though no significant differences in global quality of life or performance of activities of daily living were seen. Long-term outcomes from this randomized trial were assessed after a median follow-up of 17.9 years.6 Twenty-year overall survival rate was similar for both groups: 64% for the limb-sparing surgery group and 71% for the limb-sparing surgery plus RT group. Although there was a trend to more edema and functional limb deficits in patients treated with RT, this study established that the addition of postoperative RT to limb-sparing surgery improves local control with acceptable treatment-related morbidity.

Retrospective studies have attempted to define a subgroup of surgical patients in which RT improves survival. A 1998 to 2005 Surveillance, Epidemiology, and End Results (SEER) database analysis suggested benefit was confined to high-grade tumors.7 This analysis included 6,960 patients with extremity STS who underwent limb-sparing surgery; 47% of patients received RT, of whom 13.5% received preoperative RT. In low-grade tumors, no difference was seen in overall survival at 3 years. In high-grade tumors, patients who received radiation had improved 3-year overall survival versus patients who did not receive radiation (73% vs. 63%, p < .001). A retrospective matched-pair analysis from the National Cancer Database (NCDB) of patients with high-grade extremity sarcoma treated from 2004 to 2013 also concluded that patients treated with limb-sparing surgery and postoperative or preoperative RT had improved overall survival (hazard ratio [HR]: approximately 0.7) compared to patients treated with limb-sparing surgery alone.8

Preoperative RT

A comparison of preoperative versus postoperative RT was addressed in the SR2 trial by the NCI of Canada Clinical Trials Group.9 This trial randomized 190 patients with extremity STS to 50 Gy of preoperative RT or postoperative RT. Patients in the preoperative group with tumor cells at the resection margin also received a 16 to 20 Gy boost. All patients in the postoperative group received a 16 to 20 Gy boost. The primary endpoint was wound complications. Major wound complications included secondary operation or invasive procedure for wound repair, deep wound packing, and readmission for wound care. The rate of major wound complications was higher in the preoperative group compared to the postoperative group (35% vs. 17%, p = .01), which suggests that preoperative RT does not cause wound complications, but instead exacerbates the underlying risk by approximately twofold. The most common site of wound complications was the upper leg followed by the lower leg. Interestingly, wound complications in the upper extremity were rare: 0/11 patients in the postoperative group and 1/10 patients in the preoperative group. In addition to preoperative RT and anatomic site, maximum tumor size >10 cm was also associated with wound complications on logistic regression. No difference in local control (approximately 90%) or overall survival was observed between the groups. An analysis 46of late effects found that a greater proportion of patients who received postoperative RT had grade 2 or greater fibrosis compared to the preoperative arm (48% vs. 32%, p = .07), which was likely due to larger radiation field size and larger radiation dose.10 Joint stiffness and edema were also more frequent in the postoperative arm, though the difference was not statistically significant.

RTOG 0630 was a multi-institutional Phase 2 clinical trial of reduced target volume preoperative image-guided RT for extremity STS.11 Local control for the 79 eligible patients was 93%, and all five local treatment failures were in the radiation field. Of the 57 patients assessed for late toxicities at 2 years, 10.5% experienced at least one grade ≥2 toxicity, as compared with 37% of patients from the preoperative arm of the SR2 trial by the NCI of Canada.

A meta-analysis of 1,098 patients also addressed the question of preoperative versus postoperative RT.12 This analysis found that a higher proportion of patients who underwent preoperative RT had an initial tumor size >10 cm. The risk of local recurrence was lower in patients who had received preoperative radiation (odds ratio: approximately 0.66). The average survival rate was 76% for patients who received preoperative RT and 67% in patients who received postoperative RT. This meta-analysis concluded that the delay in surgery inherent in preoperative radiation did not appear to adversely affect survival and may even be associated with decreased local recurrence.

The feasibility of preoperative RT with chemotherapy was evaluated in a single-arm, multi-institutional Phase 2 study in RTOG 9514.13 In this study, 66 patients with high-grade STS ≥8 cm received neoadjuvant chemotherapy (three cycles of modified mesna, doxorubicin, ifosfamide, and dacarbazine), split course 44 Gy RT interdigitated between chemotherapy cycles 1 and 2 and between cycles 2 and 3, as well as three cycles of postoperative chemotherapy. Also, 61/66 patients underwent surgery and 58 had R0 resections including five amputations, while three had R1 resections. The 3-year local–regional failure rate was 17.6% (including amputation as failure), disease-free survival rate was 57%, and overall survival rate was 75%.

Intraoperative RT

IORT may also be used as a boost in addition to preoperative or postoperative RT. IORT is typically delivered using an electron beam from a LINAC or with high dose rate (HDR) brachytherapy. Current National Comprehensive Cancer Network (NCCN) guidelines recommend 10 to 12.5 Gy for microscopic disease and 15 Gy for gross residual disease following preoperative RT, and 10 to 16 Gy boost prior to postoperative RT. The decision to administer IORT is made following multidisciplinary evaluation by the surgeon and radiation oncologist, and may be considered when surgery is likely to leave microscopic residual or gross disease that cannot be adequately treated with conventional external beam RT owing to nearby dose-limiting normal tissue. IORT may be especially useful for certain anatomic sites such as the retroperitoneum, where the radiation dose tolerance of adjacent bowel may limit the amount of radiation that can be delivered safely to a large field. In IORT, bowel or other dose-limiting normal tissues may be manually displaced or shielded during radiation delivery.

Data on IORT with external beam RT are mostly limited to small series. A tumor bed boost with IORT appears to provide similar local control as boosting with external beam RT, with 5-year local control rates of 82% to 97% in IORT series and 93% to 93% in non-IORT series.14 One prospective randomized trial has examined the use of IORT. In this trial, 35 patients with resected retroperitoneal sarcomas were randomized to 20 Gy IORT with 35 to 40 Gy postoperative radiation or to 50 to 55 Gy postoperative radiation. Six of 15 patients who received IORT developed locoregional recurrences, while 16 of 20 patients who received external beam RT alone developed locoregional recurrences. The IORT group also had lower rates of radiation-related enteritis but, however, had higher rates of peripheral neuropathy. Median overall survival was similar between the two groups.15

Brachytherapy

Brachytherapy can be used as a boost in conjunction with preoperative RT. In this case, brachytherapy can be given during or after surgery. However, brachytherapy alone can also be used as adjuvant therapy after surgery (i.e., no external beam RT). A single-institution randomized trial of 164 patients with completely resected sarcomas compared limb-sparing surgery alone to surgery plus adjuvant brachytherapy.16 Brachytherapy technique consisted of percutaneous catheters placed intraoperatively in the tumor bed in a single plane. Catheters were loaded with low dose rate (LDR) iridium-192, which was designed to deliver 42 to 45 Gy over the course of 4 to 6 days. Five-year local control was 82% in the patients who received brachytherapy and 69% in the patients who received no further therapy (p = .04). This benefit was limited to patients with high-grade sarcomas. This local control rate is lower than that reported in studies with external beam RT, which may reflect the challenge 47in using a single plane of brachytherapy catheters to cover the volume at risk for large sarcomas.9 No difference was observed in distant metastases or disease-specific survival. Initially, patients who received brachytherapy had a significantly higher risk of wound complications. As an interim analysis demonstrated a relationship between early catheter loading and wound complications, the trial was amended such that catheters were loaded at least 6 days after surgery. After this adjustment, no significant difference in wound complications was observed between the patients who received brachytherapy and those who received no further treatment.

In LDR brachytherapy, the patient is hospitalized while an implanted radioactive source delivers radiation at a rate of 0.4 to 2.0 Gy/hour over several days. Healthcare staff may be at risk of radiation exposure during this period. In contrast, HDR brachytherapy delivers radiation at a rate of >12 Gy/hour, which allows for treatment delivery in minutes, reducing the need for hospitalization and virtually eliminating radiation exposure to healthcare personnel. A comparison of LDR versus HDR brachytherapy in 37 patients with STS showed no significant difference in 2-year local control rates or wound complications.17

Definitive RT

Surgery is generally the backbone of definitive treatment of sarcoma. However, in patients with unacceptable medical comorbid conditions or unresectable tumors, definitive RT alone may be considered. Massachusetts General Hospital has published a series of 112 patients with STS who received a median dose of 64 Gy for gross disease, either following biopsy or attempted radical surgery.18 Twenty-one percent of patients received chemotherapy. Overall, 5-year local control rate and overall survival rate were 45% and 35%, respectively. On multivariate analysis, local control was related to the tumor size, total dose, and stage, but not chemotherapy, grade, age, or location. Tumor sizes of <5, 5 to 10, and >10 cm had 5-year local control rates of 51%, 45%, and 9%, respectively, while radiation doses of <63 and ≥63 Gy had 5-year local control rates of 22% and 60%, respectively. Major complications, the most common of which was wound healing disease requiring major surgery, were seen in 14% of patients and were positively correlated with increased radiation dose. The addition of concurrent chemotherapy to definitive RT as a radiosensitizer has also been examined in a series from Germany.19 In this retrospective analysis, 11 patients with macroscopic sarcoma received a median of 60 Gy RT, mostly conventionally fractionated, with a single agent ifosfamide at 1.0 or 1.5 g/m2 during the first and fifth weeks of radiation. Overall, the 2- and 5-year local control rate was 70%; both the patients with local failures had tumors >10 cm. The results from this small series appear to compare favorably to the larger series from Massachusetts General Hospital, where patients were mostly treated with RT alone.

Omitting RT

In addition to the trials of limb- or function-sparing surgery with adjuvant RT described in the preoperative and postoperative RT sections, several series have also sought to characterize the risk of local recurrence following function-sparing surgery alone, in order to define a cohort of favorable-risk patients who may not need adjuvant RT. To that end, a retrospective series published in 1999 reported outcomes of 74 patients who received function-sparing surgery alone for trunk or extremity sarcomas.20 The median tumor size was 4 cm and the majority were low grade. Ninety-two percent of patients had negative margins, 7% had microscopically positive margins, and one patient had grossly positive margins. Seven patients received adjuvant doxorubicin-based chemotherapy, and none received adjuvant radiation. The 10-year actuarial local control rate and survival rate were 93% and 73%, respectively. Margin status was the most significant predictor of local control, with a local control rate of 100% when the margins were at least 1 cm wide. However, in this patient cohort, tumor size, grade, site, and depth were not significantly associated with local control. This study demonstrated that function-sparing surgery alone with wide negative margins can achieve local control in highly selected patients with STSs.

A recently published nomogram estimating risk of 3- and 5-year local recurrence after function-sparing surgery may also help inform patient and provider decisions on adjuvant RT.21 The authors analyzed 684 patients who underwent limb-sparing surgery alone without adjuvant chemotherapy or RT from 1982 to 2006 at Memorial Sloan Kettering Cancer Center. The 3- and 5-year actuarial risks of local recurrence were 11% and 13%, respectively. On multivariate analysis, age ≥50, size >5 cm, close or positive margins, high grade, and histologic types other than well-differentiated liposarcoma and atypical lipomatous tumor were all associated with increased risk of local recurrence; patient sex and depth were not significant.

The decision of whether to treat a patient with STS with surgery alone or with surgery and RT should be made after the patient is evaluated by a surgeon and a radiation oncologist with expertise in the 48care of STSs and after discussion at a multidisciplinary tumor board.22 Remarkably, the French Sarcoma Group has found that referral to a multidisciplinary tumor board with expertise in sarcomas prior to initial treatment increased the rate of local relapse-free survival and distant relapse-free survival on multivariate analysis.23 At our multidisciplinary tumor board, we consider treatment of STSs with surgery alone for small (<5 cm), low-grade, superficial tumors, particularly in an anatomic location where salvage surgery and RT for a future local recurrence would not lead to unacceptable morbidity.

Special Considerations

Myxoid Liposarcoma

While most STSs do not shrink during a course of RT, myxoid liposarcomas, which frequently harbor a FUS–DDIT3 translocation t(12;16)(q13;p11), are exquisitely radiosensitive. In a retrospective analysis of 691 patients with extremity STS who received surgery and RT, patients with myxoid liposarcoma compared to other subtypes had improved local recurrence-free survival, improved metastasis-free survival, and improved overall survival.24 The radiosensitivity of myxoid liposarcomas has been documented by quantifying the tumor size before and after RT. A study of 16 patients with myxoid liposarcomas who underwent preoperative radiation found mean pre- and postradiation tumor volumes of 415 and 199 cm3, respectively, for a proportional reduction of 59% following radiation.25 In contrast, a control group of patients with malignant fibrous histiocytoma (now referred to as undifferentiated pleomorphic sarcoma or pleomorphic fibrosarcoma) had mean pre- and postradiation volumes of 264 and 273 cm3, respectively, for a proportional increase in 7%.

Lymph Node Metastases

Most STS histologic types rarely metastasize to lymph nodes (<1% risk), and elective radiation of lymph nodes is not recommended. However, synovial sarcoma, clear cell sarcoma, angiosarcoma, rhabdomyosarcoma, and epithelioid sarcoma histologic types are associated with 10% to 20% rates of lymph node metastases.26 Clinically suspicious lymph nodes may be included in the preoperative radiation volume. Clinically or pathologically involved lymph node stations may also be included in the postoperative radiation volume, especially in the setting of limited lymph node dissection or extracapsular extension. However, the potential benefit of extending the radiation field to cover draining lymph nodes must be considered within the context of potential increased toxicity. While PET/CT27 and sentinel node biopsies28 have been assessed for their utility in staging sarcoma patients, their role for determining lymph node metastases remains uncertain.

Angiosarcoma of the Scalp

Surgery can be utilized for angiosarcoma of the scalp. However, local failure rates after surgery alone are high. In retrospective series, use of RT and multimodality therapy has been associated with improved local control.29 The optimal radiation dose and field size are not well established. Our practice is to manage most patients with scalp angiosarcoma without surgery. We administer total scalp irradiation with bilateral neck lymph node irradiation using a shrinking field technique with concurrent paclitaxel chemotherapy. Total dose to the primary angiosarcoma is typically 70 to 74 Gy.

BONE SARCOMA

Ewing Sarcoma

Following standard induction chemotherapy for Ewing sarcoma, localized disease is treated with surgery and/or RT. As in STSs, RT may be preoperative, postoperative, or definitive. Preoperative RT may be considered when close or positive margins are expected. Postoperative RT is indicated for close margins, poor histologic response, or tumor spill. Definitive RT may be offered when function-preserving surgery is not an option, such as tumors of the acetabulum or pelvis. Chemotherapy is routinely administered during RT. Surgery and radiation have not been compared head-to-head in prospective, randomized studies. A retrospective analysis of local control in pelvic Ewing sarcoma from INT-0091 found no significant differences in local control between surgery and RT.30 Another retrospective analysis of patients treated on CESS 81, CESS 86, and EICESS 92 trials suggested that postoperative RT improved local control compared to surgery alone for intralesional resections and poor histologic response. In this analysis, definitive RT had higher local failure rates than surgery, though the authors note that these RT-only patients represented a negatively selected subgroup, with comparatively more paraspinal and pelvic tumors and fewer limb tumors than the surgical patients.31

49For metastatic Ewing sarcoma, RT may have a role along with surgery for local control of primary tumor and for patients with limited pulmonary, soft tissue, or bone metastases. For pulmonary metastases, whole lung irradiation may be considered even after patients have had resection of limited pulmonary metastases or have shown an excellent response to chemotherapy. Retrospective analysis of cooperative group trials have found improved event-free survival in patients who received low-dose whole lung irradiation.32

Use of RT in pediatric patients with Ewing sarcoma is balanced against the risk of second malignancy from irradiation of normal tissue. The most common second malignancy is osteosarcoma. Use of IMRT can reduce the amount of normal tissue exposed to high-dose radiation (45–54 Gy), and proton therapy can also reduce the amount of normal tissue exposed to low-dose radiation (<20 Gy).

Osteosarcoma

Osteosarcoma is routinely treated with induction chemotherapy, surgical resection, and adjuvant chemotherapy. However, RT can be utilized to treat osteosarcoma, but high radiation doses are needed to impact local control. Adjuvant RT can be utilized for close or positive surgical margins and inoperable tumors. A retrospective study of 41 patients who received RT for osteosarcoma suggested that local control was improved for doses ≥55 Gy.33

Chordoma and Chondrosarcoma

Chordoma, a malignant bone neoplasm arising from notochord remnants, and chondrosarcoma, a malignant bone neoplasm with production of chondroid matrix, both tend to recur locally, particularly when arising in the mobile spine, sacrum, skull base, or pelvis. En bloc resection is recommended, and a systematic review has found decreased local recurrence and mortality following wide or marginal margins en bloc.34 However, resection may be limited by patient comorbid conditions, surgical access, and proximity to critical structures. Definitive or adjuvant radiation may, therefore, be considered in the setting of absent or incomplete resection. Historically, conventional radiation doses (<60 Gy) of adjuvant RT resulted in poor local control. The same systematic review suggested that radiation doses of >60 to 65 Gy may improve local control. However, as with surgery, proximity and radiation dose constraints of critical structures, especially the brainstem and spinal cord, may limit the radiation plan. Particle RT with protons or carbon ions has been utilized in this setting, especially for the base of skull chordomas and chondrosarcomas, to achieve favorable dosimetry to spare critical structures.

RE-IRRADIATION

Radiation-associated sarcomas arise within a previously irradiated field. Undifferentiated sarcoma, angiosarcoma, or osteosarcoma, or less commonly, other sarcoma subtypes are also seen in patients who have received radiation, particularly among survivors of childhood cancers. Radiation-associated angiosarcomas are recognized as a complication following breast or chest wall radiation for breast cancer.

The mainstay of treatment for sarcomas arising within a previously irradiated field, either for locally recurrent or radiation-associated sarcomas, is wide local excision with or without systemic therapy. When wide margins cannot be achieved, adjuvant or definitive re-irradiation may be considered. The potential benefit of re-irradiation must be balanced by the potential toxicity because of dose tolerance of adjacent normal tissues such as brainstem, spinal cord, brachial plexus, and other major nerves, blood vessels, and bowel. Potential complications of re-irradiation are similar to those of upfront radiation, but the risk and severity increase; of utmost concern are impaired wound healing or nonhealing wounds, tissue necrosis, fistulas, bowel perforation, vascular blowout, and neuropathy.

Retrospective series and single-arm prospective trials have examined re-irradiation with either external beam RT or brachytherapy. A retrospective analysis of 10 patients with locally recurrent limb sarcoma who received electron or photon external beam re-irradiation reported adequate local control, with a median survival of 14 months after re-irradiation. Radionecrosis was seen in a single patient who had received a total dose of 145 Gy.35 Another retrospective analysis of patients with locally recurrent sarcoma who received re-irradiation with perioperative brachytherapy reported adequate local control with a 5-year local recurrence-free rate of 52% and an overall survival rate of 33%. Complication rates were deemed acceptable, with wound breakdown or osteonecrosis or neuropathy occurring in 5/26 patients.36 Re-irradiation with proton therapy has also been utilized and may provide favorable dosimetry in respecting adjacent normal tissue constraints.

50Hyperfractionated, accelerated RT with smaller fraction sizes delivered two to three times per day rather than once daily can also be used for re-irradiation. A retrospective series of 14 patients who developed angiosarcoma following whole breast radiation for breast cancer used photon and/or electron external beam re-irradiation with adequate local control and limited toxicity.37 The re-irradiation regimen used was 1 Gy three times per day to total doses of 45, 60, or 75 Gy for low-risk subclinical, high-risk subclinical, and gross disease. All patients received mastectomy for angiosarcoma either before or after RT. The 5- and 10-year overall survival rates were 79% and 63%, respectively, and overall toxicity appeared to be acceptable, with three patients developing lymphedema, one patient developing recurrent benign pleural effusion, and four patients developing self-limited rib fractures.

SBRT FOR METASTASES FROM SARCOMAS

For several decades, surgical metastasectomy has been used for palliative and local control of sarcoma metastases. Some retrospective studies have suggested a longer disease-free interval or even survival benefit in carefully selected patients, typically with a limited number of metastatic sites and/or indolent disease, where resection of all metastatic sites is feasible.38 In patients unfit for surgery, SBRT has also been used for the local control of metastatic disease to the lungs and spine. Several institutions have published experiences with pulmonary and spine SBRT for sarcoma, with a local control rate >85% and minimal toxicity.

A retrospective series from the University of Rochester examined 52 patients with pulmonary metastases from STS (median four lesions; range 1–16 lesions); 31% had surgical metastasectomy, while 29% received SBRT.39 No grade ≥3 toxicities were observed with SBRT. Also, 7/74 pulmonary metastases treated with SBRT progressed, with a 3-year local lesion control rate of 82% with SBRT. The median and mean survival for patients who received SBRT was 2.1 years. Another prospective observational study from Milan of 28 patients who received SBRT for pulmonary metastases reported a 5-year local control rate of 96%, also without grade ≥3 toxicity.40 Five-year overall survival for this cohort was 60.5%. A retrospective analysis from Memorial Sloan Kettering Cancer Center of 88 patients who received SBRT for spinal metastases from STS reported a 12-month local failure-free survival rate of 85.9%.41,42 Also, 83.3% of local failures failed distantly. The 12-month overall survival rate was 62.1%, and the median overall survival was 18.9 months. No grade >3 toxicities were observed; 1% had acute grade 3 toxicity and 4.5% had chronic grade 3 toxicity.

SUMMARY

RT uses IR to kill sarcoma cells, primarily through DNA damage. RT is typically delivered via external beam RT or brachytherapy. Advances including image-guided RT, IMRT, and particle therapy with protons or carbon ions can improve the therapeutic ratio by maximizing the tumor dose while minimizing the dose to adjacent normal tissues. In localized STS, the backbone of curative treatment is surgery with wide negative margins. Preoperative, intraoperative, or postoperative RT can maximize local control, though omission of radiation may be considered in select cases, particularly for small (<5 cm), low-grade, superficial tumors. Compared to postoperative RT, preoperative RT typically uses a lower total radiation dose and a smaller radiation field size, which causes less late effects. However, the rates of wound complications increase approximately twofold. IORT may also be utilized as a tumor bed boost when normal tissue is displaced out of the radiation field. Brachytherapy is typically used in the setting of an intraoperative or postoperative boost to the tumor bed or as adjuvant postoperative RT. Myxoid liposarcoma is especially radiosensitive, and a significant reduction in tumor volume can occur following RT. Scalp angiosarcoma has a propensity for local, cervical nodal, and distant recurrence. RT to the total scalp with bilateral neck node irradiation has been advocated to decrease the risk of recurrence.

In Ewing sarcoma, RT may be used to treat localized disease when wide margins cannot be achieved with surgery or if surgery would impair function, though the risk of radiation-associated malignancy, especially in pediatric patients, must be considered. In Ewing sarcoma for limited pulmonary metastases, whole lung irradiation can also be considered. In chordoma and chondrosarcoma, RT may also have a role when wide local resection cannot be achieved. Particle therapy with protons has also been utilized, especially at the skull base, to adequately cover the tumor while minimizing the dose to critical structures such as brainstem and spinal cord. Re-irradiation for radiation-associated sarcomas or locally recurrent sarcomas provides local control; however, feasibility depends on dose tolerance of 51adjacent normal tissues. Complications of re-irradiation include impaired wound healing, soft tissue necrosis or osteonecrosis, fistulas, and neuropathy. Hyperfractionated RT and/or particle therapy with protons have been used to limit normal tissue toxicity for re-irradiation. SBRT may be used for local control of metastatic sites in appropriately selected patients with few metastases and/or indolent disease. Local control rates are typically >85% with minimal grade >3 toxicity.
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Surgical Approach and Surgical Reconstruction Options in Treatment of Bone Sarcomas
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Patients with sarcoma of the musculoskeletal system require complex care through an extensive multidisciplinary team. One critical component of this care team is an orthopedic surgeon with specialization in musculoskeletal oncology. Orthopedic oncologists provide surgical oncologic expertise and have proficiency in the various limb reconstruction techniques utilized to optimize patient outcome and function. Whether the surgical approach is limb salvage or amputation, sarcoma patients have unique lifelong musculoskeletal needs. These patients often require extensive physical therapy, prosthetics, orthotics, and possibly revision surgery. This chapter describes the critical components of the initial evaluation, biopsy, and surgical treatment options used to treat patients with bone sarcomas. It reviews some of the critical tumor characteristics, patient-specific factors, and procedure-specific rehabilitative requirements that can impact these complex surgical decisions.
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INTRODUCTION

Patients with sarcoma of the musculoskeletal system require complex care through an extensive multidisciplinary team. One critical component of this care team is an orthopedic surgeon with specialization in musculoskeletal oncology. Orthopedic oncologists provide surgical oncologic expertise and have proficiency in the various limb reconstruction techniques utilized to optimize patient outcome and function. Whether the surgical approach is limb salvage or amputation, sarcoma patients have unique lifelong musculoskeletal needs. These patients often require extensive physical therapy, prosthetics, orthotics, and possibly revision surgery. Therefore, a basic familiarity with these complex surgical procedures and their potential complications will assist all practitioners in optimizing patient care in sarcoma treatment.

The primary goal of this chapter is to familiarize healthcare providers with the critical components of the initial evaluation, biopsy, and surgical treatment options used to treat patients with bone sarcomas. We also review some of the critical tumor characteristics, patient-specific factors, and the procedure-specific rehabilitative requirements that can impact these complex surgical decisions.

INITIAL EVALUATION

The initial evaluation of a patient with a suspected bone sarcoma begins with a relevant history and physical exam. Though simple and easily performed, the importance of this step can often be overlooked. Imaging assessment of a bone sarcoma typically begins with a radiograph followed by a variety of advanced imaging modalities. Each imaging modality can provide different information regarding the tumor. Following adequate imaging, a well-planned and executed biopsy is the next step in the diagnosis. The goal of this biopsy is establishing a definitive diagnosis, subtype, and grade, while providing adequate specimen for any additional pathologic testing. While the staging process begins with the physical exam, this should be completed with appropriate body imaging when a diagnosis of sarcoma is confirmed.

History

The history of present illness and past medical history of the patient is critical in the initial evaluation. This begins with patient-derived history regarding duration of symptoms, intensity and characteristics of pain, growth rate, and functional limitations. A history of any local trauma or injury should be elicited, as well as associated systemic symptoms, such as fevers and weight loss. The history should also include all comorbid conditions, relevant previous procedures (including biopsy), and medications. A personal and/or familial history of cancer may be contributive and should be noted.

A thorough understanding of the patient’s baseline functional status is critical and should include any preexisting limitations or perceived dysfunction. At this first encounter, the surgeon should inquire about the patient’s current activity level and occupation. As musculoskeletal sarcoma frequently occurs in adolescents and young adults, it is also critical to explore their physical and occupational goals, as this may be impacted by the planned surgery and/or reconstructive option.

Physical Examination

While the focus of physical examination will be the mass or painful extremity, some general exam findings are critical. Body habitus, gait patterns, need for assistive device, and patient affect are immediately 54apparent examination findings and can impact surgical decision-making. Pathologic fractures can occur in association with bone sarcomas. Pathologic fractures at diagnosis or during neoadjuvant treatment have a prevalence of 5% to 10% in relation to osteosarcoma.1 Therefore, any deformity and/or significant change in pain symptoms should be evaluated with radiographs both on initial evaluation and throughout neoadjuvant treatments. If present, palpable masses should be well characterized with regard to firmness, mobility, compressibility, and temperature. Previous scars and biopsy sites should be carefully examined, with the orientation, length, and location well documented. Any skin changes (erythema, fungation, telangiectasias, seromas, or hematomas) associated with the tumor or biopsy site should be noted. A comprehensive vascular, lymphatic, and neurologic examination of the affected extremity may reveal edema, lymphadenopathy, vascular findings, or neurologic findings associated with tumor involvement or mass effect.

Imaging

Comprehensive imaging of the involved extremity plus appropriate staging studies should be performed during initial evaluation of all bone sarcomas. As imaging is covered in detail in Chapter 7, Radiologic Evaluation of Bone and Soft Tissue Sarcoma at Diagnosis and Follow-Up, the role of imaging is addressed subsequently as it relates to surgical planning.

Imaging begins with orthogonal radiographs of the entire bone involved with the joint above and below. Orthogonal radiographs that are well taken can allow localization of bone tumors, while also providing information on aggressiveness and matrix formation. Aggressive bone lesions are characterized by a wide zone of transition with possible cortical destruction and intense periosteal reaction.2 This contrasts with less aggressive lesions, which have narrow zone of transition with little to no effect on the cortex and nonaggressive or absent periosteal reaction.2 Complete radiographic imaging of the bone allows for evaluation of preexisting deformity of the bone, osteoarthritis, osteopenia, or other musculoskeletal pathologic changes that may affect surgical planning.

Although one can gain significant information from radiographs, additional cross-sectional imaging is still needed. MRI with and without contrast is used for further detailed localization of the tumor, evaluation of any possible soft tissue components, tumor heterogeneity, and relative location to vital structures including neurovascular structures.3 It is felt that unenhanced T1-weighted sequences are most suitable for evaluation of the tumor margins within the bone without clinically significant under- or overestimation.4 Obtaining an MRI scan of the entire bone involved is also important for evaluation of skip lesions or a discontinuous lesion within the same bone.3 MRI allows for detailed evaluation of any vessel encasement or infiltration that may preclude limb-salvage surgery. CT scan is an additional cross-sectional imaging technique that can aid the surgeon in preoperative evaluation, with additional bone detail needed for surgical planning.

BIOPSY

After all initial local imaging studies have been completed, a biopsy is performed for tissue diagnosis. A biopsy is viewed as the final diagnostic procedure, not a shortcut to a diagnosis.5 In this section are discussed specific principles that should be followed when performing a biopsy for musculoskeletal sarcoma. When a biopsy is improperly performed, it can have significant negative effects to the patient and can alter his or her surgical options.6–8 Biopsy-related errors are minimized through discussion of a multidisciplinary team, especially involving the orthopedic oncologist.6,9,10 Various effective biopsy techniques for the management of sarcoma have been described, including office-based biopsy, image-guided biopsy, and open biopsy in the surgical suite. Image-guided biopsy is typically performed by musculoskeletal radiologists, and prior to this biopsy, there should be discussion between the radiologist and the orthopedic oncologist regarding the location of biopsy. Communication with the pathology department is also important, as the pathologist has critical insight regarding the biopsy technique, tumor volume, and special tissue processing needs. As more targeted medical strategies are employed, the role of the treating medical oncologist in biopsy planning becomes more apparent. Nonroutine tumor testing, additional tumor volume, or specific tissue processing may be requested by the medical oncologist, particularly for resistant tumors or patients eligible for novel therapies or clinical trials.

Biopsy Principles

Biopsy should be performed after all imaging studies have been completed, so two important questions can be addressed prior to biopsy: (a) What portion of the sarcoma should be biopsied? and (b) What is the safest anatomic route to the location?11

55The biology of sarcomas, which are mesenchymal based, is much different from that of carcinomas. Sarcomas usually possess regional morphologic variations.12–14 Sarcomas grow in a centripetal fashion, with the most immature portion in the peripheral portion and often a central necrotic portion. This immature portion is also surrounded by a reactive zone of tissue.11 After meticulous imaging review by a radiologist and an orthopedic oncologist, who are familiar with the characteristics of sarcoma, usually viable and diagnostic portion of the tumor can be identified for biopsy. Given the heterogeneous nature of sarcoma, multiple biopsy samples are taken to help reduce the chances of “sampling error.” The extraosseous portion of the bony sarcoma is representative of the primary pathology and should be biopsied, if it exists.8 If no extraosseous portion exists, a cortical window can be created to obtain adequate tissue; if this is done poorly, it can place the patient at increased risk for pathologic fracture due to weakening of the structural integrity of the bone.15

After a specific portion of the tumor has been identified for biopsy, the approach to that portion must be identified. Traditional teaching has stressed the following two main principles: (a) The biopsy tract should be in line with the planned incision of definitive surgery. This allows for excision of the biopsy tract during definitive surgery. The thought is that the biopsy tract is seeded with tumor and should be excised to decrease the risk of local recurrence.8 (b) The biopsy tract should be the shortest route to the tumor, violate only one compartment, and be as distant as possible from vital neurovascular structures.16

Evidence has proposed that biopsy of musculoskeletal sarcoma should be performed at the institution of planned definitive treatment. This can decrease morbidity to the patient, can avoid treatment interruption, and can limit delays in diagnosis.6,17 Mankin et al. reviewed the complications with biopsies for sarcoma performed at referring centers as compared to treating centers.6 Biopsies for sarcoma performed at referral centers led to 27.4% errors in diagnosis, 13.9% were nonrepresentative, 36.3% led to change in treatment plan, and 17.4% changed the course or outcome of treatment. This is in stark contrast to biopsies performed at the treatment center, where 12.3% led to an error in diagnosis, 3.5% were nonrepresentative, 4.1% led to a change in treatment plan, and 3.5% changed the course or outcome of treatment.

Biopsy Technique

After anatomic location of the biopsy is determined, quality tissue must be obtained to allow for tissue diagnosis. There are various ways to obtain tissue with differences in accuracy. The diagnostic accuracy of fine-needle aspiration (FNA), core-needle biopsy, and open biopsy has been investigated. After review of the literature, Traina et al. found that core-needle biopsy was more accurate than FNA, and open or incisional biopsy showed the highest accuracy of all.8 Core-needle biopsies allow for better preservation of tumor architecture, leading to increased information from the biopsy tissue, as compared to FNA.11 Percutaneous core-needle biopsies have the advantage of decreased cost and lower risk of contamination, while providing diagnostic accuracy between 74% and 100%.8,18 Percutaneous core-needle biopsies appear to be most suitable for diagnosis of bone tumors. The use of image-guided biopsy can also increase diagnostic accuracy in deep musculoskeletal tumors.19 In the setting of a palpable sarcomatous mass, office-based core-needle biopsies have shown an accuracy of 91% and were found to be safe and well tolerated.20 If diagnosis cannot be obtained from percutaneous biopsy, an open incisional biopsy is indicated.21 Recent literature has also questioned the traditional teaching that the biopsy track must be excised and must not cross multiple compartments when performing coaxial core needle biopsies.22 Binitie et al. reviewed 59 soft tissue sarcoma patients who had undergone core-needle biopsies without excision of biopsy track at definitive treatment and saw no increase in local recurrence or rates of metastasis.23 As compared to percutaneous biopsy tracks, open incisional biopsy track scars are more clear and usually excised on definitive surgical treatment.22

SURGICAL TREATMENT

The primary goal of surgical treatment is complete sarcoma resection with negative margins. The risk of local recurrence in osteosarcoma is significantly increased in patients who undergo resection with inadequate margins.24–26 While negative margin status is the primary surgical oncologic goal, there remains debate on the optimal size of this margin. In the current literature, this margin can vary between specific bone sarcomas, tumor grade, and tumor location.27,28 The secondary goal of surgery is to preserve and/or restore optimal function for the patient. The surgeons should be mindful to ensure it is the patients’ definition of optimal function that guides this critical discussion. During surgical 56planning, the patient and his or her support system should be educated about the realistic expectations of the postoperative course and resulting function of the limb. Furthermore, the patient’s ability or willingness to comply with postoperative precautions or rehabilitative requirements may influence the planned surgery or the favored reconstructive option.

Complete resection with negative margins can be achieved through amputation or tumor resection followed by reconstruction (limb-salvage surgery). Prior to the 1970s, most primary bone sarcomas were treated with amputation.29,30 With the limited availability of adjuvant treatments and modern surgical techniques, this provided the patient with the best functional and clinical outcome. The 5-year survival rates were approximately 10% to 20%,30,31 with a vast majority of these patients succumbing to metastatic disease.29 With advancements in adjuvant treatment, there has been significant improvement in survival rates and a paradigm shift to limb-salvage surgery (LSS), with approximately 90% of primary bone sarcoma patients undergoing LSS.32 The following sections discuss the surgical approach to bone sarcomas, followed by a brief synopsis of the most common surgical procedures utilized in bone sarcoma limb-salvage reconstruction and their associated complications.

Preoperative Considerations

A multitude of factors help determine the optimal surgical procedure for the individual patient. Many of these are patient-specific factors discovered during the focused history and physical examinations. Various preexisting medical conditions (diabetes, autoimmune diseases, degenerative joint disease, vasculopathies, coagulopathies) may impact a patient’s ability to tolerate a major oncologic procedure or his or her ability to heal and rehabilitate. Behavioral (smoking) and/or psychological factors can also impact the patient’s ability to heal or comply with specific postoperative precautions or anticipated deficiencies. Many oncologic surgeries are extensive, and any bleeding or coagulopathy disorders should be elicited preoperatively and could require special treatment during invasive procedures and/or surgical treatment. All modifiable risk factors should be addressed prior to surgical intervention and medical conditions optimized in a timely fashion, so as to not delay treatment. Select patients with significant medical comorbid conditions and poor overall health may be better treated nonsurgically, particularly if they are at an unacceptable risk of mortality or morbidity with an extensive oncologic surgery. In certain instances, limb or osseous reconstruction may be associated with an unacceptable risk, and amputation or sarcoma excision without complex reconstruction is offered.

Tumor-specific factors are also considered in developing a surgical plan for the sarcoma patient. Many pathologic factors impact the patient’s overall oncologic care, including the surgical plan. Specific tumor diagnoses and higher-grade tumors may necessitate a larger tumor margin or introduce alternative local control options. For example, extended intralesional curettage has become an acceptable treatment approach for low-grade chondrosarcomas, while high-grade tumors require wide resection.27 In unresectable Ewing sarcoma, radiation therapy is often implemented for local control owing to this tumor’s radiosensitivity.27 Many of the most critical factors that guide the planned surgery are interpreted from the preoperative imaging and biopsy results, making the quality and interpretation of these studies paramount. In many sarcoma centers, this is completed in a multidisciplinary sarcoma board to optimize the information gathered and to apply this information appropriately to treatment decisions.33 Critical tumor characteristics gleamed from radiographs include the location and size of the tumor, the mineralization pattern, and the osseous reaction to the tumor. MRI provides detailed information on the marrow extent of the tumor, including identification of skip metastasis, soft tissue extension, and the tumor relationship to (or involvement of) neurovascular structures. Interval MRIs often allow for estimation of neoadjuvant treatment response and can alter planned surgical resections.34 CT scan may be used an alternative when MRI is contraindicated or as an adjunct to radiographs in tumors involving complex bones (pelvis).

En Bloc Resection

The goal of sarcoma resection traditionally involves resection with a wide margin or en bloc resection.27 This is defined as a resection with a cuff of normal tissue. Ultraradical resections, which involve sacrificing vital structures to extend the margin, show no significant benefits from wide resection.27 The exact size of this wide margin has not been fully elicited from literature. In regard to high-grade, nonmetastatic osteosarcoma, Bertrand et al. found that the presence of a positive margin, compared to a negative margin >1 mm, was the only independent predictor of local recurrence after controlling for relevant confounding variables.35 Li et al. and Bispo et al. also investigated close margins, a margin 5 mm or less compared to >5 mm and margins <2 mm and >2 mm, respectively, and found no difference in likelihood of local recurrence in osteosarcoma patients.36,37 At this time point, no specific 57measurement could be borne out from the literature regarding margins, but local recurrence has been shown to be increased in osteosarcoma patients with positive margins.24 It appears that having a negative margin is an important factor in reducing local recurrence and increasing survival.27

When considering the goals of en bloc resection, it is important to consider that the majority of bone sarcomas present with soft tissue extension, requiring resection of associated muscle and soft tissues to achieve negative margins. Once the extent of resection is planned, the function of the residual limb can be estimated based on the residual functional tissue. If adequate margins require resection of critical structures, the anticipated function of the residual extremity will be impacted. While some critical structures are routinely reconstructed in an effort for limb salvage, the loss of multiple critical neurovascular structures often results in impaired neurologic or vascular function of the residual limb. Furthermore, large soft tissue defects may require secondary procedures, such as skin grafts and muscle flaps, to ensure a functional soft tissue envelope. The following sections provide overviews of the major surgical procedures employed in the treatment of bone sarcomas, commonly associated complications, and specific rehabilitation implications.

Endoprosthetic Reconstruction

Endoprosthetic reconstruction involves restoration of structural stability after skeletal resection through the use of a metal alloy implant and polyethylene at gliding surfaces. These are commonly used around periarticular or metaphyseal resections. Various endoprostheses are available for reconstruction throughout both upper and lower extremities. Most contemporary endoprostheses are modular and available in a range of sizes to restore a wide array of osseous defects. A distal femoral endoprosthetic reconstruction is seen in Figure 5.1. Depending on the surgical technique, many endoprosthetic reconstructions can allow for immediate weight bearing and mobilization. This is an advantage, as a subset of patients will be unable to ambulate in a non–weight-bearing fashion owing to comorbid conditions. For example, a patient with severe contralateral arthritis or poor overall condition may become bedridden in the absence of a construct that allows immediate weight bearing.

Although it is a readily available method of reconstruction in limb-salvage surgery, endoprosthetic reconstruction is not without complications. Failures can occur from various methods, including soft tissue failures, aseptic loosening, structural failure, infection, and tumor progression. Henderson et al. performed a retrospective review of the modes of failure of large endoprosthetic reconstructions done after tumor resections.38 The authors identified a total of 6,533 patients who underwent large endoprosthetic reconstructions done after tumor resections; 2,174 reconstructions came from review of operative databases from five institutions and 4,359 reconstructions from review of the literature. Failure occurred in 27.6% of the reconstructions, with the most common mode of failure being aseptic loosening at 8.2%, followed by infection at 8.0%. Large endoprosthetic reconstructions are exposed to high stress at the bone–implant interface, given long lever arms and concentration of stress at the areas,39 which could contribute to this relatively high rate of failure. Also, patients undergoing orthopedic oncologic surgeries with reconstruction can be at higher risk for surgical site infection owing to extensive surgical dissection with longer operative times, adjuvant chemotherapy, and adjuvant radiation.40–42 Infection rate (8%) of large endoprosthetic reconstruction following tumor resection is notably higher than that for a primary total knee or total hip replacement for osteoarthritis, which have infection rates of 1.52% and 0.83%, respectively.43 Tumor progression was a mode of failure in only 4.9% of patients. Other modes of failure evaluated were soft tissue failure and structural failure, with failure rates of 1.5% and 4.9%, respectively. Henderson et al. also subdivided modes of failure by anatomic location. Proximal tibia endoprosthetic reconstructions had a failure rate of 39%, with infection being the most common mode of failure. Distal femur reconstructions had a failure rate of 26.8%, as compared to proximal femur reconstructions with a failure rate of 18.1%. Continued review of outcomes shows the trend that as the extent of resection and size of endoprosthesis increase, so does the rate of complications.44
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FIGURE 5.1  Endoprosthetic reconstruction of distal femur. Pre- and postoperative images of a 14-year-old male with right distal femur osteosarcoma. (A) Preoperative radiograph showing a large distal femoral lesion with laminated periosteal reaction and anterior and cortical breakthrough. (B) Also evident is a large soft tissue mass, better seen on the sagittal T2-weighted MRI. (C) Postoperative radiograph after endoprosthetic reconstruction.





58Endoprosthetic reconstruction options continue to progress. Given the significant heterogeneity of the defect left after tumor resection, some defects may not be easily reconstructable with common modular endoprostheses. With technological advancements in computer-aided design and computer-aided manufacturing, custom-made implants to fill specific resection defects have become possible.45 The custom implant can also be coupled with custom cutting guides to aid match between bony resection and custom prosthesis. Custom cutting guides have allowed for decreased operative time, decreased intraoperative blood loss, and more accurate margin resection in pelvis surgeries, as compared to surgeries without the use of custom cutting guides.46 The optimal indications for this technology are not clear, and current investigations have focused on short-term complications after complex reconstructions of the pelvis following resection. Early and small sample size studies have shown acceptable complications rates similar to other methods of reconstruction.47,48 Further investigation on these implants is necessary to determine if these techniques improve oncologic and/or functional outcomes.

Skeletally immature patients undergoing bone resection near or involving the physeal growth plate add a unique challenge to surgical planning and reconstruction. One solution to this difficult situation is an expandable endoprosthesis. These endoprostheses can be lengthened incrementally over time, in an attempt to maintain length equality to the contralateral limb. Noninvasive expandable prosthesis can be lengthened through a mechanism that is activated by an external electromagnetic coil,49 eliminating the need to return to the operating room for frequent expansions. Although expandable endoprosthesis is one method that helps resolve the issue of physeal growth plate resection, it is not without complications. These complications are similar to those seen in the adult endoprosthetic reconstruction (soft tissue failures, aseptic loosening, structural failure, infection, and tumor progression), but occur at a much higher rate.44,49–51 Expandable prosthesis reconstruction can also be complicated by failure of the noninvasive expansion mechanism, which was seen in approximately 10% in one study.52 At this time, the literature does not support this technique over other reconstructions in the pediatric population.

Although advancements in endoprosthetic design and surgical technique continue, the patient needs to be made aware of the failure and complications rates. Although dependent on the operating surgeon, patients with endoprosthetic reconstruction are given restrictions on activity, including running and other impact activities. Patients with endoprosthetic reconstructions require routine long-term prosthetic surveillance for structural integrity, even well after cancer remission. Survivors of bone sarcoma with limb-salvage reconstruction often require revision surgery for late complications, including mechanical failures such as aseptic loosening and delayed infections.

Optimal functional recovery requires extensive physical and/or occupational therapy, as these patients have often lost significant muscle mass from the required tumor resection. As with all surgical reconstructions, deep infection is a dreaded complication often requiring complex surgical revisions. In some cases, these acute complications can delay adjuvant chemotherapy and/or radiotherapy.

Bulk Allograft Reconstruction

Tissue obtained from another individual is termed an allograft. In the orthopedic oncologic case, this is usually in the form of bulk allograft, which includes a significant portion of segmental bone that allows for restoration of structure.53,54 Soft tissue components can also be included in the bulk allograft, which can assist in soft tissue reconstruction.53,54 A variety of allograft types are available for both bony and soft tissue defects after resection. Figure 5.2 shows a bulk allograft reconstruction of the elbow. These allografts are usually in the form of fresh frozen cadaver from tissue bank services. Bulk allograft does 59allow for incorporation into host tissue, such as healing of host bone to allograft, although it does take time. Some common cases of failure are nonunion at graft–host interface, graft fracture, resorption, subchondral fragmentation, and cartilage degeneration.53
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FIGURE 5.2  Bulk allograft reconstruction of elbow. Pre- and postoperative images of a 22-year-old male with a locally aggressive proximal left ulna cellular osteoblastoma. (A) Preoperative radiograph showing a mass in the anterolateral elbow, originating from the proximal ulna with cortical irregularities and cloud-like periosteal reaction. (B) A T2-weighted sagittal MRI in which the hyperintense mass is more clearly seen with large elbow effusion. (C) A postoperative radiograph after resection and bulk allograft reconstruction.





Bulk allograft reconstruction is often associated with prolonged periods on limited weight bearing, given the time it takes for allograft incorporation. Secondary procedures for nonunions, delayed unions, and infection can also complicate the rehabilitative course. Delayed fractures through nonvascularized allograft bone and late mechanical failures may require delayed revisions. Therefore, long-term clinical and radiologic surveillance of the allograft reconstruction is essential.

Allograft Prosthetic Composite Reconstruction

Allograft prosthetic composite (APC) is a combination of endoprosthetic with bulk allograft. This combination of reconstruction techniques has been shown in some instances to have better function than allograft reconstruction alone.53,55 APCs are commonly used around joints where along with bone resection, there is soft tissue resection involving important stabilizers of the joint. Examples are the extensor mechanism in proximal tibia resection, rotator cuff in proximal humerus resection, and abductors in proximal femur resection. An example of an APC used in reconstruction after proximal tibia resection is seen in Figure 5.3. These reconstructions are also not without potential complications, including periprosthetic bone resorption, infection, and nonunion of the host–graft bone junction.56,57
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FIGURE 5.3  APC reconstruction of proximal tibia. Pre- and postoperative images of a 23-year-old male with right proximal tibia Ewing sarcoma. (A) Radiograph showing an ill-defined blastic-type lesion of the proximal tibia. (B) A T2-weighted MRI of the same patient where the lesion is better seen along with the soft tissue component. (C) A postoperative radiograph after APC reconstruction using a proximal tibia allograft with extensor mechanism.

APC, allograft prosthetic composite.





60APCs share some of the advantages and the disadvantages of endoprosthetic and graft reconstruction. These constructs attempt to optimize the immediate structural integrity of the endoprosthesis with the biologic advantages of the allograft. Weight-bearing status will vary with the specific construct, and specific restrictions may be placed to protect soft tissue reconstructions. For example, patients undergoing a proximal tibia APC reconstruction require immobilization in extension to allow for healing of the extensor mechanism. Such immobilization may cause arthrofibrosis and/or muscle atrophy, which will ultimately prolong the rehabilitative course.

Autograft Reconstruction

Autograft is tissue removed from one area of the body and grafted into an area of previous resection in the same individual. Autografts can be obtained from iliac crest, tibia, rib, or fibula. These grafts can add structural support, while also bringing the potential for biologic healing. Autograft reconstructions can be used in isolation or in combination with structural allografts to improve immediate structural integrity. Fixation can be accomplished through a variety of techniques with variable degrees of immediate stability. Figure 5.4 shows the use of a vascularized fibula autograft to reconstruct a humeral diaphyseal defect after sarcoma resection. This graft has the ability to bring blood supply to the resection area and osteogenic cells, which allows for bone remodeling and healing, while offering structural support.58 Autograft reconstruction can have additional complications regarding donor site morbidity, which is not seen in the other reconstruction techniques.

Time to complete healing of autograft reconstructions is variable, resulting in variable restrictions and lengths of rehabilitation. Furthermore, donor site morbidity may alter patient’s postoperative course, with fibula being the frequent donor site choice.

Bone Transport

Primary bone sarcomas can involve any portion of the bone, but sarcomas involving the metaphysis and/or diaphysis may be amenable to bone transport to fill the defect after resection.59 Bone transport, also termed distraction osteogenesis, involves guiding the growth of a desired bone through gradual distraction of osteotomy site. Over time, this allows new bone to fill the defect with living bone with sufficient strength.60–62 Figure 5.5 shows bone transport after resection of a tibial adamantinoma. Distraction is performed at a rate of 1 mm/day63 and can fill defects as large as 15 cm.59 By transporting bone to fill the intercalary defect created by resection, the native joints can be preserved. After successful completion of bone transport, the reconstruction has biologic activity and can be expected to be permanent.60–62 This can prevent some of the complications seen in endoprosthetic reconstruction, such as aseptic loosening and structural failure. No negative effects on distraction osteogenesis are seen with common chemotherapeutic regimens including methotrexate, doxorubicin, combination of bleomycin, cyclophosphamide, and dactinomycin, and caffeine-potentiated chemotherapy.60,61,64–66 Bone transport can be performed using special intramedullary nails or external fixators.59 Bone remodeling after completion of bone transport is expected to be structurally sound at a mean of 14.4 months.60,61 Like many other reconstruction techniques, complications have a high rate and include delayed ossification and maturation, nonunion at the docking site, deformity, and infections.60,61,67,68
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FIGURE 5.4  Autograft reconstruction using vascularized fibular autograft of humeral shaft. Preoperative, postoperative, and maturation images of a 14-year-old male with osteosarcoma of the right humerus. (A) A preoperative radiograph showing pathologic fracture of the midshaft humerus through an aggressive permeative and destructive lytic lesion. (B) Immediate postoperative radiograph after resection with reconstruction using vascularized free fibula autograph with plate fixation. (C) Radiograph taken 2 years postoperatively with complete healing of the graft at both the proximal and distal ends.
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FIGURE 5.5  Bone transport after resection of tibial adamantinoma. Preoperative and postoperative images of a 27-year-old male undergoing bone transport after right tibia adamantinoma resection. (A) Radiograph of the right tibia with a mid-diaphyseal lytic lesion with endosteal scalloping. (B) Postoperative radiograph after intercalary resection of the adamantinoma of the right tibia with placement of temporary antibiotic cement spacer. (C) Radiograph taken during the transport phase. Bone transport is being performed with a ringed external fixator using cables. (D) Radiograph taken after completion of bone transport with removal of ringed external fixator and placement of intramedullary nail. The patient is currently in the consolidation phase as seen by the early mineralization of the new bone formation.

Source: Reproduced with permission from Stephen Quinnan, MD.





The process of bone transport is labor-intensive in the postoperative period as the technique and rate of expansion are critical and require patient engagement and participation. Bone transport is more 62of a process than a single surgical intervention and requires a level of commitment from the patient and physician. Some of these devices are external and require specific care instructions. Weight bearing may be delayed until the desired reconstruction is achieved and will impact the therapy needs and duration.

Amputation

Although approximately 90% of patients undergo LSS, amputation remains a viable option. Amputation may be the only recommended oncologic surgery if limb salvage is not an option secondary to vital structure involvement, pathologic fracture, contamination from unplanned excision, or if significant limb function is threatened or lost.69–73 Patients may also consider amputation if they wish to participate in specific athletic endeavors, which would be prohibited by concerns of structural integrity in many limb-salvage reconstruction surgeries. With appropriate prosthetic restoration, amputees can participate in physically intense activities including sports and running. Amputation is typically a definitive procedure and avoids some of the complications and revision surgeries needed in complex reconstructions.74 Amputation can also be a palliative surgery in instances of tumor-related intractable pain, wound complications, and failure of limb-salvage procedure.75 Multidisciplinary rehabilitation, both physical and emotional, can improve function in patients who have undergone amputation for sarcoma.76,77 In the modern era of limb-salvage surgery, patients who had undergone primary amputation have been found to have worse survival rates.72,78 It has been established in the literature that it is likely based on the biology of the tumor requiring amputation, as the local recurrence rates remain lower.79

New surgical techniques have been developed for improving the function of prosthetic wear and fit. Specialized centers are investigating the osseointegrated prosthesis in which an intraosseous stem exits transcutaneously, allowing for mechanical connection of the prosthesis to the residual limb.80,81 Although the intraosseous metallic prosthesis exits the skin, one center has found the risk of osteitis and osteomylelitis is low in patients with amputations secondary to trauma or tumor.82 Problematic complications in amputees, such as phantom limb pain, painful neuromas, pressure sores, and inability to tolerate a prosthesis, can complicate rehabilitation and function. Prosthesis modifications are frequently required, and revision amputation may be recommended for highly symptomatic patients.

Rotationplasty

Rotationplasty is a reconstructive, limb-sparing technique that is used as an alternative to above-knee amputation. Rotationplasty involves an intercalary resection, traditionally of the knee joint, while preserving the neurovascular bundle. This is followed by 180-degree rotation of the distal limb, allowing the ankle to function as the knee joint. This does require a modified below-knee prosthesis.72 The preservation of the ankle joint, functioning as the new knee joint, decreases the amount of energy expenditure with ambulation as compared to traditional above-knee amputation.83 Functional outcome scores of rotationplasty, as measured by the Musculoskeletal Tumor Society Score (MSTS Score) and the functional Motor Assessment Scale, are superior as compared to above-knee amputation.84 Two authors have found superior MSTS scores with rotationplasty as compared to amputations or endoprosthesis reconstruction in a total of 27 patients.85,86 Advantages of rotationplasty, as compared to endoprosthetics, include decreased need for revision surgery due to loosening or failure of the endoprosthesis reconstruction.58 The primary drawback of rotationplasty is appearance of the limb and patient acceptance. Forni et al. did show that patients had relational and emotional difficulties in adolescence, but that these were overcome in adulthood. They also stressed the importance of a cosmetic and functional prosthesis with family support.87

Patient adaptation to this unusual surgical procedure requires extensive rehabilitation in addition to psychological and emotional adaptations. Many individuals find the physical appearance after rotationplasty unacceptable, and it may be considered an unacceptable surgical option for this reason alone. These concerns need to be balanced with the potential functional benefits of this surgery for each patient.

SUMMARY

Orthopedic oncologic surgical procedures in the treatment of bone sarcoma are variable and include amputations and limb-salvage surgery with complex reconstructive needs. Optimizing oncologic resection and limb reconstruction requires complex surgical planning and is impacted by a multitude of patient- and tumor-related factors. One such critical factor is the execution of a well-performed biopsy, as a poorly executed biopsy can impact surgical and oncologic outcomes. The goals of surgery are straightforward—prioritizing complete tumor excision and optimizing patient function. However, 63application of these surgical principles is complex and optimized by a highly specialized orthopedic surgeon and a comprehensive multidisciplinary sarcoma team. The essential information required to make a surgical recommendation comes from a variety of sources, but begins with the initial patient encounter. Patient involvement in this decision should begin early and should guide the establishment of oncologic and functional goals. An understanding of the advantages and drawbacks of the reconstructive options will facilitate the healthcare providers’ ability to counsel patients effectively and establish realistic lifetime expectations. Furthermore, anticipating postoperative rehabilitative needs, physical limitations, and potential complications will enhance the provider’s ability to provide comprehensive patient-centric care.
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Pediatric sarcomas are a heterogeneous group of diseases that can arise in bone or soft tissue and account for approximately 12% of all cancers in patients younger than 20 years of age. New insight into the biology of these tumors has led to the development of more precise risk-based classifications that directly impact treatment. The two most common pediatric bone sarcomas are osteosarcoma (OS) and Ewing sarcoma (EWS). OS accounts for about 3% of all childhood cancers, whereas EWS accounts for only about 2% of all cases. Clinical outcomes for these two sarcomas have dramatically improved over time, with the survival rates exceeding 70% for those with localized disease. Pediatric soft tissue sarcomas include two main types: rhabdomyosarcoma, which accounts for about 40% of all cases of soft tissue sarcomas in children, and the so-called non-rhabdomyosarcomatous soft tissue sarcomas, which encompass many different histologic types including synovial sarcoma, malignant peripheral nerve sheath tumor, and fibrosarcoma. This chapter describes the salient clinical and biologic features of these tumors and summarizes the current diagnostic and treatment strategies for these pediatric sarcomas.
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INTRODUCTION

Pediatric sarcomas are a heterogeneous group of diseases that can arise in bone or soft tissue and account for approximately 12% of all cancers in patients younger than 20 years of age (see Figure 6.1).1 New insight into the biology of these tumors has led to the development of more precise risk-based classifications that directly impact treatment. The two most common pediatric bone sarcomas are osteosarcoma (OS) and Ewing sarcoma (EWS). OS accounts for about 3% of all childhood cancers, whereas EWS accounts for only about 2% of all cases. Clinical outcomes for these two sarcomas have dramatically improved over time, with the survival rates exceeding 70% for those with localized disease. Pediatric soft tissue sarcomas include two main types: rhabdomyosarcoma (RMS), which accounts for about 40% of all cases of soft tissue sarcomas in children, and the so-called non-rhabdomyosarcomatous soft tissue sarcomas (NRSTSs), which encompass many different histologic types including synovial sarcoma, malignant peripheral nerve sheath tumor, and fibrosarcoma. This chapter describes the salient clinical and biologic features of these tumors and summarizes the current diagnostic and treatment strategies for these pediatric sarcomas.

EWING SARCOMA

This tumor can arise in the bone and soft tissue and was previously called peripheral primitive neuroectodermal tumor, Askin’s tumor (EWS of the chest wall), and extraosseous EWS. However, all of these terms reflect the same tumor entity, which is characterized by recurrent translocations that most commonly involve the ERWSR1 gene (Table 6.1).2 Current 5-year overall survival rate for patients with localized disease at diagnosis ranges from 65% to 75%, whereas patients with metastatic disease at diagnosis have survival rates of <30%.3

Epidemiology

EWS is the second most common tumor in children and adolescents with approximately 200 cases diagnosed annually in the United States and an annual incidence of approximately one case per million each year.4,5 This tumor more commonly affects male Caucasian adolescents and young adults with a median age at presentation of 15 years and shows male predominance compared to females, with a ratio of 1.5:1.6 Caucasians have a ninefold increased incidence of disease compared to Africans.5 The differences in racial distribution among those with African heritage have been attributed in part to the presence of fewer Alu elements in intron 6 near the EWSR1 breakpoint, theoretically decreasing the sites for gene recombination.7 Another group of investigators found two small-nucleotide polymorphisms (SNPs) associated with EWS on chromosomes 1 and 10 (TARDBP and EGR2, respectively), which are less prevalent in Africans, suggesting that they may contribute to the differences in incidence in the latter population.8 A third observation that may account for differences in the incidence if EWS in Caucasian and African populations involves greater diversity in GGAA motifs at certain microsatellite loci in African populations, which may negatively impact the expression of EWS–FLI.9

Molecular Pathology

EWS is characterized by a EWS–ETS fusion (Table 6.1), which in part functions as a rogue transcription factor that drives oncogenesis through deregulation of gene expression.10 EWS can bind multiple members of the ETS family of transcription factors listed in Table 6.1, all of which are associated with EWS.2 Sequencing studies have demonstrated that EWS has a low mutational burden. The most commonly mutated gene seen in about 17% of cases is STAG2; other less frequently mutated genes include TP53, EZH2, BCOR, and ZMYM.11 Homozygous CDKN2A deletions are seen in about 13% of the cases,12 and the presence of STAG2 and TP53 mutations has been associated with poor clinical outcomes.11 Similarly, another group of investigators have found that TP53 and 16/p14ARF mutations are associated with poor response to therapy.13 While EWS is not one of the more common pediatric cancers historically seen in familial cancer syndromes, it has recently been reported that about 10% of patients with EWS have germline mutations in a cancer predisposition gene such as TP53, RET, and PMS2.14


68[image: ]

FIGURE 6.1  Percent incidence by age and type of pediatric cancer. (A) Cancer by type for patients 15–19 years of age. (B) Cancer by type for patients <15 years of age.

ALL, acute lymphocytic leukemia; AML, acute myeloid leukemia; CNS, central nervous system; NRSTS, non-rhabdomyosarcomatous soft tissue sarcomas; RMS, rhabdomyosarcoma.

Source: Adapted from Howlader N, Noone AM, Krapcho M, et al, eds. SEER Cancer Statistics Review, 1975-2010. Bethesda, MD: National Cancer Institute. https://seer.cancer.gov/archive/csr/1975_2010.







TABLE 6.1 Translocations in ESFT Across All Age Groups









	Translocation
	Fusion Gene
	Percent Positive





	t(11;22)(q24;q12)
	EWS–FLI1
	>85



	t(21;22)(q22;q12)
	EWS–ERG
	5–10



	t(19;der)inv(21;22)
	EWS–ERG
	<1



	t(7;22)(p22;q12)
	EWS–ETV1
	<1



	t(17;22)(q12;q12)
	EWS–ETV4
	<1



	t(2;22)(q33;q12)
	EWS–FEV
	<1



	t(16;21)(p11;q22)
	FUS–ERG
	<1



	t(2;16)(q35;p11)
	FUS–FEV
	<1









ESFT, Ewing sarcoma family of tumors.

Source: Adapted from Pinto A, Dickman P, Parham D. Pathobiologic markers of the Ewing sarcoma family of tumors: state of the art and prediction of behaviour. Sarcoma. 2011;2011:856190. doi:10.1155/2011/856190.





69Clinical Presentation

Patients usually present with a palpable mass and pain that can be of several months’ duration. In one study, the median time to diagnosis was 70 days, and longer time to diagnosis was more commonly seen in older patients with tumors in the pelvis and extremities; however, the interval to diagnosis did not influence survival.15 Systemic symptoms, such as fever, were more commonly seen in EWS, when compared to the most common bone tumor in this age group, OS. A German retrospective study found that patients younger than 9 years of age usually presented with less metastatic disease (23.8% compared to 32.3%, p = .009) and sites of the primary tumor differed with a decreased incidence of pelvic primary tumors in this younger cohort.16 Overall, in this German cohort across ages, lungs were the most common site of metastatic disease (ranging from 56.4% to 74.6%) and extrapulmonary metastases increased with age for both bony and soft tissue metastases. Older patients have an increased incidence of extraskeletal EWS, with the average age at presentation being 19.5 years. The extraskeletal location most commonly occurs in females (63.3% of extraskeletal EWS patients and 53.4% of skeletal EWS patients are females) and non-whites.17

Diagnosis and Imaging

Initial evaluation should include a complete history with physical exam and laboratory evaluation including a complete blood count (CBC) with differential, blood chemistry tests, and lactate dehydrogenase (LDH). On plain film, EWS of the bone may have a permeative appearance and laminated periosteal reaction of the bone that is commonly referred to as onion skin appearance. The tumor may cause the periosteum to separate from the bone (Codman triangle18; see Figure 6.2). EWS and OS may have similar appearances on plain films, and many times, location is the hint to the diagnosis, with EWS primary tumors more commonly found in the diaphysis of long bones compared to the metaphysis in OS. Additional imaging should include an MRI of the primary site including the whole extremity when indicated. The biopsy should involve the surgeon who will be performing surgery when definitive local control is needed. For patients having closed biopsies, several core biopsies may be required for obtaining adequate tissue for pathologic diagnosis.19

Following confirmation of diagnosis, a thorough staging assessment is required prior to starting therapy. Traditionally, this involves evaluation of common metastatic sites for EWS, including the chest, bone marrow, and other bony sites. A chest CT is required to assess pulmonary disease and bone scintigraphy to detect bony metastases; however, some centers have opted to use fluorodeoxyglucose (FDG)-PET scan to evaluate bony and soft tissue metastases. The latter modality is preferred at many centers because it may offer improved specificity for identifying bony metastases in EWS when compared to bone scintigraphy.20 Finally, bilateral bone marrow aspirates and biopsies should always be performed to exclude disease in the bone marrow. It is expected that these additional diagnostic procedures will identify patients with metastases in about 20% to 25% of the cases.19

TREATMENT

EWS is treated with a multimodal approach that uses chemotherapy and local control with surgery, radiation therapy (RT), or both. Prior to the introduction of chemotherapy, only 10% of patients with EWS survived. In fact, in the first Intergroup Ewing Sarcoma Study (IESS-I), one of the randomized arms included chemotherapy versus observation following surgery, but this randomization was quickly discontinued when two of three patients who were randomized to no chemotherapy relapsed.21 With the use of combined modality therapy, over 75% of patients with localized disease are expected to survive; however, patients who present with metastatic disease continue to have poor outcomes with <30% expected to survive long term.19,22,23 The Intergroup trials for localized disease conducted in the United States over the past several decades are summarized in Table 6.2. The first two studies demonstrated the importance of adding doxorubicin to a standard vincristine, actinomycin D, and cyclophosphamide (VAC) backbone and the advantage of giving more intense high-dose intermittent therapy.21,24 The third Intergroup trial randomized patients to a standard VAC doxorubicin backbone with or without the drug pair ifosfamide and etoposide (IE). The 5-year event-free survival (EFS) rate for those receiving IE was 69% compared to 54% in the standard arm, and median overall survival was also significantly better among patients who received IE (72% vs. 61%).25 This trial established the five-drug combination as the standard of care for patients with EWS in the United States. A subsequent trial failed to demonstrate any benefit of intensifying the total dose of cyclophosphamide.26 More recently, the Children’s Oncology Group (COG) conducted a randomized trial in which dose intensification was achieved through interval compression by decreasing the period between cycles from 21 to 14 days. This regimen proved to be feasible and the 5-year EFS rates were significantly better for the patients who were randomized to an interval-compressed schedule (73% vs. 65%).22 This regimen has now become the standard of care for EWS in the United States. The most recent COG study investigated the value of adding another drug pair, cyclophosphamide and topotecan, to this backbone, but the results of this trial are not currently available. The outcomes for patients with metastatic disease remain poor, and several studies have failed to impact the outcomes of these patients.23 Based on some preliminary evidence of the modest activity of insulin-like growth factor-1 receptor (IGF1R) inhibitors in EWS,27,28 the COG is evaluating the addition of IGF1R monoclonal antibody, ganitumab, to chemotherapy in patients with disseminated disease. The Euro-Ewing 99 trial attempted to further optimize therapy by randomizing patients with metastatic disease and high-risk localized disease to either standard chemotherapy (with pulmonary radiation therapy [RT] for metastatic patients) or high-dose chemotherapy with stem cell rescue. The results of this study were recently published, with the high-dose chemotherapy with stem cell rescue improving EFS compared to the standard chemotherapy with pulmonary RT at 8 years from randomization (see Table 6.2).29,30
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FIGURE 6.2  An 11-year-old boy with Ewing sarcoma. (A) Anterior–posterior x-ray study showing smooth periosteal reaction and subtle permeative lucency in the femoral diaphysis (arrows). (B) Post-contrast T1-weighted coronal MRI showing permeative lesion in the diaphysis with smooth surrounding periosteal reaction (arrows).







71TABLE 6.2 Historical Trials and Outcomes in Ewing Sarcoma









	Study
	Observed Results





	Local disease
	 



	IESS-I (n = 342)
	VAC versus
VACD versus
VAC + lung RT
	5-y RFS
24%
60%
44%



	IESS-II (n = 214)
	VACD q3 weeks
versus
moderate-dose chemo weekly
	5-y RFS
73%
56%
p = .04



	INT-0091 (n = 518)
	VDC
versus
VDC + IE
	5-y EFS
54%
69%
p = .005



	INT0154/POG9354 (n = 518)
	VDC + IE (standard)
versus
VDC + IE (high dose)
	5-y EFS
72.1%
70.1%
p = .005



	COG
AEWS0031
(n = 568)
	VDC + IE (3 weeks)
versus
VDC + IE (2 weeks)
	5-y EFS
65%
73%
p = .05



	Metastatic disease
	 



	INT-0091
	VDC
versus
VDC + IE
	5-y EFS
22%
22%
(NS)



	EE99
	VIDE + VAC then HD Bu-Mel w/rescue
versus
VIDE + VAI then VAI + lung RT
	8-y EFS
60.7%
46.3%
p = .032









A, actinomycin D; C, cyclophosphamide; D, doxorubicin; E, etoposide; EFS, event-free survival; HD Bu-Mel, high-dose busulfan-melphalan; I, ifosfamide; RFS, relapse-free survival; RT, radiation therapy; V, vincristine.

Sources: Data from Burgert EO Jr, Nesbit ME, Garnsey LA, et al. Multimodal therapy for the management of nonpelvic, localized Ewing’s sarcoma of bone: intergroup study IESS-II. J Clin Oncol. 1990;8(9):1514–1524. doi:10.1200/JCO.1990.8.9.1514; Grier HE, Krailo MD, Tarbell NJ, et al. Addition of ifosfamide and etoposide to standard chemotherapy for Ewing’s sarcoma and primitive neuroectodermal tumor of bone. N Engl J Med. 2003;348(8):694–701. doi:10.1056/NEJMoa020890; Juergens C, Weston C, Lewis I, et al. Safety assessment of intensive induction with vincristine, ifosfamide, doxorubicin, and etoposide (VIDE) in the treatment of Ewing tumors in the EURO-E.W.I.N.G. 99 clinical trial. Pediatr Blood Cancer. 2006;47(1):22–29. doi:10.1002/pbc.20820; Nesbit ME Jr, Perez CA, Tefft M, et al. Multimodal therapy for the management of primary, nonmetastatic Ewing’s sarcoma of bone: an intergroup Study. Natl Cancer Inst Monogr. 1981(56):255–262. PMID:7029293; Womer RB, West DC, Krailo MD, et al. Randomized controlled trial of interval-compressed chemotherapy for the treatment of localized Ewing sarcoma: a report from the Children’s Oncology Group. J Clin Oncol. 2012;30(33):4148–4154. doi:10.1200/JCO.2011.41.5703.





Radiation is universally recommended in the case of a positive margin and for patients in whom surgery is not advised; however, in Europe, patients who have a poor histologic response and a negative margin also receive RT.31 Local control is usually performed at week 12 and is achieved with the use of surgery, RT, or both. A recent review of 1,031 patients treated for EWS demonstrated that patients who received RT alone had decreased overall survival rates at 5 years when compared to those who were treated with surgery alone or surgery plus RT (52.5% vs. 77.2% vs. 64.7%, p < .001), although the underlying prognostic factors related to the choice of treatment modality likely contribute to these differences.32 Radiation to metastatic sites is recommended after completion of chemotherapy; stereotactic body radiation therapy (SBRT) and whole lung irradiation (15 Gy) are used for patients who present with pulmonary metastases.

72Sequelae of Therapy

Improved outcomes have resulted in higher numbers of EWS survivors and, therefore, a higher population at risk for developing long-term sequelae after therapy. In one study from the Childhood Cancer Survivor Study (CCSS), the cumulative mortality rate at 25 years following entry into the study was 25%.33 The most common cause of death was disease recurrence, followed by subsequent malignant neoplasms, cardiac disease, other medical causes, and pulmonary disease. It is recommended that patients be followed with routine imaging scans and laboratory work (CBC with differential and blood chemistry tests) every 3 to 4 months typically in the first year from completion of treatment, followed thereafter by increasing intervals of every 4 to 6 months for 2 to 4 years after finishing therapy and annually thereafter.

Treatment of Recurrence

Patients who experience a recurrence have poor long-term survival rates of about 20%.34 The most commonly used regimens for relapse include cyclophosphamide with topotecan and temozolomide with irinotecan, with or without vincristine. These regimens have response rates in the range of 32% to 68%.35,36 High-dose chemotherapy with stem cell rescue has also been used in the setting of recurrent disease to consolidate patients who experience a response to therapy, but its role in this setting remains controversial.3,37

EWS has elevated levels of expression of SLFN11, a direct transcriptional target of EWS–FLI and a determinant of response to several drugs such as camptothecins and poly ADP ribose polymerase (PARP) inhibitors.38 Several ongoing trials are currently using PARP inhibitors in combination with irinotecan and temozolomide. EWS also has high expression of LSD1, and preclinical studies show that LSD1 inhibition blocks the function of EWS–ETS proteins, therefore making this enzyme an attractive target for treating EWS.39 Another group is investigating a small-molecule inhibitor called YK-4-279, which is involved in blocking RNA helicase A that partners with EWS–FLI1.10,40 Finally, several trials using drugs targeting IGF1R have demonstrated modest activity with single agents and how these drugs are being used in combination with chemotherapy in frontline COG trials for patients with metastatic disease.3,27,28

OSTEOSARCOMA

Epidemiology

OS is the most common bone tumor in children and adolescents, with an age-adjusted incidence rate of 5.4 per million in patients younger than 20 years of age and a slight male predominance compared to females in this age group (1.34:1).4,41 OS has a bimodal age distribution, peaking in adolescence and after the age of 60 years.41,42 Although mostly sporadic, OS can be associated with various genetic predisposition syndromes (Table 6.3).43,44 For example, survivors of retinoblastoma are at the highest risk for developing OS with a standardized incidence ratio of 41.45 In one study, nearly 10% of younger patients with OS had a Li–Fraumeni-associated TP53 mutation or a rare exonic TP53 variant.46
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73Biology

OS is characterized by multiple chromosomal aberrations including copy number variations and structural variations. Molecular profiling of this tumor has revealed TP53 pathway aberrations in virtually all of the tumors, either as a result of sequence mutations or structural variations that more commonly involve translocations within the first intron of the gene.47 In addition, a distinct phenomenon of hypermutation known as kataegis has been reported in up to 50% of the samples analyzed. Other recurrently mutated genes include RB1, ATRX, and DLG2. Pathway analysis has identified the phosphoinositide 3-kinase (PI3K)/mechanistic target of rapamycin (mTOR) pathway as a potential therapeutic vulnerability.48

Clinical Presentation

OS usually presents with pain and swelling of the affected area. It most commonly arises in long bones and about 50% of the cases originate around the knee. The next most common site is the proximal humerus, which is involved in about 10% of the cases.49 In North America, the median duration of symptoms prior to establishing a diagnosis is 2 to 4 months.50 Most patients present with localized disease, but about 20% have metastases most commonly confined to the lungs.49

Diagnosis and Imaging

For all pediatric sarcomas, the initial evaluation is similar, involving imaging of the primary tumor and evaluation for the presence of metastatic disease. After physical exam and history, laboratory studies should be obtained, which include a CBC with differential and blood chemistry tests including LDH and alkaline phosphatase (the latter might be increased in patients with primary bone tumors or metastases). The primary tumor is best imaged with an MRI and plain films. Primary anatomic imaging should include the whole limb to look for skip metastases (Figure 6.3). Chest CT should be obtained as the lungs are the most common site of metastases in 85% of the cases of metastatic disease, and a bone scan or PET should be performed to evaluate for the presence of distant bone metastases.49,51 Biopsy should be carefully planned by the primary surgical treatment team, because the biopsy tract in an extremity primary site can affect local control approaches. Some institutions may conduct a biopsy or remove suspicious lung nodules to confirm the diagnosis.
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FIGURE 6.3  A 6-year-old boy with osteosarcoma. (A) Anterior–posterior x-ray study shows typical aggressive bone-forming tumor (arrows) with sunburst periosteal reaction, calcified soft tissue mass, and Codman triangle. (B) Post-contrast T1-weighted coronal MRI shows a large soft tissue mass (arrows) surrounding the tumor involving the marrow of the distal femur.





74Treatment

Prior to the use of combined modality therapy, which includes chemotherapy and surgery, the relapse-free survival rates for patients with OS were <20%.52 The landmark study of Link (see Table 6.4) in which patients with localized OS were randomized to receive surgery alone or adjuvant chemotherapy with methotrexate, cisplatin, doxorubicin (MAP), bleomycin, and actinomycin D demonstrated that the 2-year relapse-free survival rates were significantly improved for those patients who were randomized to adjuvant chemotherapy when compared to those who were treated with surgery alone (66% vs. 17%).52 This study established the definitive role of chemotherapy in this disease. Other studies during the same time period demonstrated that the timing of chemotherapy either prior to or after resection of the primary tumor did not appear to affect survival, although the use of preoperative chemotherapy could potentially allow for a less morbid surgical procedure with limb preservation and good function.53–55 To confirm this, the Pediatric Oncology Group (POG) conducted a randomized trial to evaluate the outcomes for patients receiving adjuvant versus neoadjuvant chemotherapy. Another landmark study conducted between 1986 and 1993 established the effectiveness of presurgical chemotherapy followed by limb-sparing surgery (LSS) in patients with localized OS.56 In this trial, 100 patients were randomized to immediate chemotherapy or immediate surgery. At 5 years, the EFS was 65% for immediate surgery patients and 61% for those assigned to presurgical chemotherapy. Thus, these two studies provided the basis for the current standard of treatment for OS in the United States, which includes preoperative chemotherapy with MAP followed by local control with LSS at around week 10 and additional postoperative chemotherapy for a total of 32 weeks of therapy. Other studies have evaluated the addition of other agents to the MAP backbone in an effort to improve outcomes for patients with the highest risk, such as those with a poor histologic response (as defined as <90% tumor necrosis) after preoperative chemotherapy.57 A randomized trial conducted by Meyers et al. assigned patients to receive MAP chemotherapy with or without ifosfamide and with or without muramyl tripeptide.57 This trial achieved a 3-year EFS of 68%. The addition of ifosfamide to cisplatin, doxorubicin, and methotrexate did not improve EFS or overall survival, but the addition of muramyl tripeptide significantly improved survival.58 Despite the results of this trial, this agent is currently not available in the United States.59 The most recent randomized trial, EUROAMOS, attempted to answer several questions in patients with localized disease by modifying therapy based on histologic response. Patients who had >90% tumor necrosis (defined as a “good” response) were randomized to receive either standard MAP chemotherapy or MAP with pegylated interferon alfa-2b.60 No advantage was seen with the addition of interferon, with the 3-year EFS rates being 77% for the MAP arm and 80% for the MAP plus interferon arm. In addition, 23% of patients randomized to the interferon arm never received it and 39% of those who received interferon stopped it early.60 In this trial, the remaining 618 patients who had a poor histologic response to preoperative chemotherapy defined as ≥10% viable tumor were randomized to receive MAP chemotherapy alone or MAP with three postoperative cycles of IE and two additional cycles of ifosfamide (MAP/IE). The 3-year EFS was 55% for MAP and 53% for MAP/IE. In addition, MAP/IE was associated with more grade 4 nonhematologic toxicity.61–67



TABLE 6.4 Historical Osteosarcoma Chemotherapy Regimens









	Investigator, Year
	Protocol/Therapy
	RR or EFS (Duration)





	Cortes, 1972, 1974 (n = 13 and n = 21)
	Doxorubicin
	45% (1–32 mo)



	Jaffe, 1974 (n = 20)
	Methotrexate with vincristine
	80% (2–23 mo)



	Ochs, 1978 (n = 8)
	Cisplatin
	63% RR



	Marti, 1985 (n = 18)
	Ifosfamide (9 g/m2 over 5 days)
	33% RR



	Link, 1986 (n = 36 randomized, 77 declined) — MIOS trial
	Observation
versus
bleomycin, cyclophosphamide, actinomycin D, methotrexate, doxorubicin, cisplatin
	17% (2 y)a
66% (2 y)a



	Goorin, 2003
	MIOS chemotherapy-neoadjuvant
versus
MIOS chemotherapy-adjuvant
	61% (2 y)
69% (2 y)



	Meyers, 2005
	MAP
versus
MAP + I
	65% (4 y)
66% (4 y)









a For randomized patients.

EFS, event-free survival; I, ifosfamide; MAP, methotrexate, cisplatin, doxorubicin; MIOS, Multi-Institutional Osteosarcoma Study; RR, relapse rate.

Sources: Data from Goorin AM, Schwartzentruber DJ, Devidas M, et al. Presurgical chemotherapy compared with immediate surgery and adjuvant chemotherapy for nonmetastatic osteosarcoma: Pediatric Oncology Group Study POG-8651. J Clin Oncol. 2003;21(8):1574–1580. doi:10.1200/JCO.2003.08.165; Meyers PA, Schwartz CL, Krailo M, et al. Osteosarcoma: a randomized, prospective trial of the addition of ifosfamide and/or muramyl tripeptide to cisplatin, doxorubicin, and high-dose methotrexate. J Clin Oncol. 2005;23(9):2004–2011. doi:10.1200/JCO.2005.06.031; Cortes EP, Holland JF, Wang JJ, et al. Doxorubicin in disseminated. JAMA. 1972;221(10):1132–1138. doi:10.1001/jama.1972.03200230020005; Cortes EP, Holland JF, Wang JJ, et al. Amputation and adriamycin in primary osteosarcoma. N Engl J Med. 1974;291(19):998–1000. doi:10.1056/NEJM197411072911903; Jaffe N, Frei E 3rd, Traggis D, Bishop Y. Adjuvant methotrexate and citrovorum-factor treatment of osteogenic sarcoma. N Engl J Med. 1974;291(19):994–997. doi:10.1056/NEJM197411072911902; Marti C, Kroner T, Remagen W, et al. High-dose ifosfamide in advanced osteosarcoma. Cancer Treat Rep. 1985;69(1):115–117. PMID:3855382; Link MP, Goorin AM, Miser AW, et al. The effect of adjuvant chemotherapy on relapse-free survival in patients with osteosarcoma of the extremity. N Engl J Med. 1986;314(25):1600–1606. doi:10.1056/NEJM198606193142502; Ochs JJ, Freeman AI, Douglass HO Jr, et al. Cis-Dichlorodiammineplatinum (II) in advanced osteogenic sarcoma. Cancer Treat Rep. 1978;62(2):239–245.





75Local control measures should be determined by an experienced orthopedic oncologist for most cases of OS involving extremity tumors. Currently, about 80% of patients with extremity OS can be treated with LSS for local control.68 The role of radiation is limited in this disease to axial lesions that are not resectable or that locally recur (in conjunction with surgery when possible); high radiation doses delivered with specialized techniques such as protons are necessary.69 The importance of complete surgical resection of all sites of resectable OS is key to long-term control and cure.70 Historically amputation was the only option for many patients, and this was the preferred method to ensure complete resection of the tumor, with local sites being the most common location for relapse. With the use of preoperative chemotherapy, many resections were made easier for surgeons to allow for limb-sparing procedures that historically would have resulted in an amputation.

Patients who present with pulmonary metastatic disease should have their lesions resected in order to potentially achieve cure.71 Typically, this procedure is performed in a staged fashion with local control of the primary site occurring first. Prognostic factors associated with inferior clinical outcomes in the presence of pulmonary metastatic disease include the number of metastases at diagnosis and macroscopically incomplete resection of all sites of disease.71

Sequelae of Therapy

Survivors of OS are at increased risk of developing therapy-related complications. In a study by the CCSS, patients who survived 5 years from their diagnosis had an 88.6% probability of being alive for 20 years from their original diagnosis.72 However, 87% of survivors experienced at least one chronic medical issue and over half experienced two or more chronic health conditions. The most common cause of death was attributed to tumor recurrence, followed by subsequent malignant neoplasms, cardiac complications, and pulmonary complications. Tinnitus/vertigo and hearing loss requiring a hearing aid were reported in 14% and 7% of survivors, respectively. About 10% of survivors reported adverse general health and 29% reported a physical limitation. Finally, survivors of OS were less likely to be married or to graduate from high school.

Based on these findings, survivors of OS require lifetime follow-up after completion of treatment. Patients should be followed with routine scans and lab work (CBC with differential and blood chemistry tests) every 3 to 4 months during the first year from completion of therapy with routine subspecialty care that may involve specialists from cardiology, nephrology, fertility, and rehabilitation, depending on the needs of the individual. The patient will also require cardiac evaluations with echocardiograms to assess the heart function, depending on the total dose of doxorubicin. Interval assessments after therapy completion can be spread out to every 4 to 6 months for 2 to 4 years from therapy and annually after 5 years, depending on the institutional standards.

Treatment of Recurrence

Clinical outcome following relapse of OS is poor. In one study by the Cooperative Osteosarcoma Study Group, the overall survival rate at 5 years was 23%.73 Patients with early relapses and a higher disease burden fared worse, as well as those who did not achieve a surgical complete remission. Administration of chemotherapy appeared to correlate with better survival in those who did not achieve a second complete remission.73 Similarly, the COG found that survival after recurrence was poor, with 17% of patients being alive at 5 years. Outcome was better for those who were <10 years of age at the time of initial 76treatment and presented with localized disease, had a longer interval to time of first relapse (>2 years), and had isolated lung or bone relapse.74 About 50% of all relapses occur within 18 months from the end of initial treatment and another 5% of patients will have a relapse after 5 years of therapy. As previously mentioned, patients who relapse early (<2 years from the initial diagnosis) have worse outcomes than those who recur later.75 Regardless of the site of recurrence, surgical resection is key to disease control, with 5-year survival rates being 20% to 45% after resection of lung recurrences and 20% at other sites.76,77

Patients who experience isolated lung recurrences should undergo complete resection of recurrent disease. Complete resection can be successful for patients with isolated lung disease without requiring chemotherapy or further treatment.76–79 A retrospective review of patients treated at major centers showed that chemotherapy following metastasectomy did not improve the long-term survival compared to surgery alone.80

For patients who require chemotherapy, multiple regimens have been used, including ifosfamide with etoposide, gemcitabine with docetaxel, and sorafenib with everolimus. A recent randomized, placebo-controlled, Phase 2 trial demonstrated that regorafenib increased the median progression-free survival and overall survival of patients with recurrent OS.81 Because responses to chemotherapy using the Response Evaluation Criteria in Solid Tumors (RECIST) are infrequent and do not appear to accurately predict survival,82 the COG embarked on a retrospective analysis assessing the outcome of recurrent OS in patients who were treated in seven Phase 2 trials. They observed a 4-month progression-free survival rate of 12%, which is now used as a benchmark for EFS outcomes that can be used to assess the efficacy of novel agents.83 Using this model to assess the efficacy of new agents, the COG has evaluated several new agents in the Phase 2 setting, such as eribulin, without evidence of clinical activity.84 For patients with multiple painful bony metastatic sites at the time of recurrence, samarium-153-ethylene-tetramethylene-phosphonate (153Sm-EDTMP; with or without stem cell support) may help with pain symptoms.85

NON-RHABDOMYOSARCOMA SOFT TISSUE SARCOMAS

Epidemiology

NRSTSs encompass a large group of tumor types that have a presumed mesenchymal origin and account for about 4% of all childhood malignancies.86 There is a slight male predominance in childhood, and the histology distribution of these tumors is dramatically different from the histology seen in adults. In the pediatric population, synovial sarcoma, malignant peripheral nerve sheath tumors, and fibroblastic tumors predominate, while most of these malignancies are seen during the second decade of life. Some genetic predisposition syndromes have been associated with an increased risk for developing particular NRSTS (see Table 6.5)87–98 and these children should be followed closely for their lifetime risk of developing these cancers.

Biology

The majority of pediatric NRSTSs have unique chromosomal translocations (Table 6.6), and some of them, such as tumors characterized by NTRK fusions, are amenable to targeted therapy.99 Owing to the rarity of these individual tumors, they have been grouped together for treatment purposes, though as seen in Table 6.6, the identified pathways involved are often completely unrelated, which has made studying many of these tumors difficult.100–102

Clinical Presentation, Diagnosis, and Imaging

Children usually present with an enlarging soft tissue mass, which is usually painless. Systemic symptoms are uncommon and other symptoms are related to the anatomic location of the tumor. Diagnosis is made in most cases by excisional biopsy, core-needle biopsy, and rarely by complete surgical resection of the mass at the time of presentation. Laboratory studies should include a CBC with differential and a chemistry panel including LDH and urinalysis. An MRI of the primary tumor should be obtained, as well as a CT of the chest with FDG-PET to search for distant metastases.

Treatment

Treatment for this broad group of tumors involves surgery, with or without chemotherapy and with or without radiation. This group of tumors was poorly studied in multi-institutional National Cancer Institute (NCI)-sponsored trials until the most recent trial named ARST0332. ARST0332 was the first trial to use a risk-based approach to assign therapy (see Figure 6.4). In addition, this study incorporated for the first time the French Federation of Comprehensive Cancer Centers (Fédération Nationale des Centres de Lutte Contre le Cancer; FNCLCC) grading system in addition to the POG system to assign histologic grade.103 Spunt and colleagues compared these two systems in a cohort of 130 patients from three POG historical trials (8653, 8654, and 9553) and showed they had a correlative value.104 More importantly, their data showed that mitotic index may have the highest correlative value for pediatric NRSTS. They found 44 patients had discrepant grades between the two systems; but when they further looked at mitotic index using 10 mitotic figures per high-power field (HPF) as a cutoff, these patients’ outcomes followed the trend with patients who had <10 mitotic figures per HPF having an EFS close to 70% compared to those with >10 figures per HPF having an EFS of around 15%. These outcomes matched up with those patients who had correlative grades as had been previously said by the two systems. The recently completed ARST0332 study analyzes data using the two systems to determine which one better applies to the pediatric population prospectively.



77TABLE 6.5 Genetic Predispositions in NRSTS









	Genetic Predisposition to NRSTS
	Common Sarcomas





	Li–Fraumeni syndrome
	NRSTS, osteosarcoma



	Familial adenomatous polyposis
	Desmoid fibromatosis



	RB1 gene
	Leiomyosarcoma, osteosarcoma



	SMARCB1 gene
	Extrarenal rhabdoid tumors, epithelioid sarcoma



	Neurofibromatosis type 1
	Malignant peripheral nerve sheath tumors, RMS



	Werner syndrome
	NRSTS, osteosarcoma



	Tuberous sclerosis complex
	Tumors with perivascular epithelioid cell differentiation (PEComas)



	Adenosine deaminase-deficient SCID
	Multicentric dermatofibrosarcoma protuberans









NRSTS, non-rhabdomyosarcomatous soft tissue sarcoma; PEComa, perivascular epithelioid cell tumor; RMS, rhabdomyosarcoma; SCID, severe combined immunodeficiency.

Sources: Data from Chang F, Syrjanen S, Syrjanen K. Implications of the p53 tumor-suppressor gene in clinical oncology. J Clin Oncol. 1995;13(4):1009–1022. doi:10.1200/JCO.1995.13.4.1009; Groen EJ, Roos A, Muntinghe FL, et al. Extra-intestinal manifestations of familial adenomatous polyposis. Ann Surg Oncol. 2008;15(9):2439–2450. doi:10.1245/s10434-008-9981-3; Wong JR, Morton LM, Tucker MA, et al. Risk of subsequent malignant neoplasms in long-term hereditary retinoblastoma survivors after chemotherapy and radiotherapy. J Clin Oncol. 2014;32(29):3284–3290. doi:10.1200/JCO.2013.54.7844; Eaton KW, Tooke LS, Wainwright LM, et al. Spectrum of SMARCB1/INI1 mutations in familial and sporadic rhabdoid tumors. Pediatr Blood Cancer. 2011;56(1):7–15. doi:10.1002/pbc.22831; Rubin BP, Fletcher CDM, Inwards C, et al. Protocol for the examination of specimens from patients with soft tissue tumors of intermediate malignant potential, malignant soft tissue tumors, and benign/locally aggressive and malignant bone tumors. Arch Pathol Lab Med. 2006;130(11):1616–1629. doi:10.1043/1543-2165(2006)130[1616:PFTEOS]2.0.CO;2; deCou JM, Rao BN, Parham DM, et al. Malignant peripheral nerve sheath tumors: the St. Jude Children’s Research Hospital experience. Ann Surg Oncol. 1995;2(6):524–529. doi:10.1007/bf02307086; Stark AM, Buhl R, Hugo HH, Mehdorn HM. Malignant peripheral nerve sheath tumours—report of 8 cases and review of the literature. Acta Neurochir (Wien). 2001;143(4):357–363; discussion 363–364. doi:10.1007/s007010170090; Goto M, Miller RW, Ishikawa Y, Sugano H. Excess of rare cancers in Werner syndrome (adult progeria). Cancer Epidemiol Biomarkers Prev. 1996;5(4):239–246. https://www.ncbi.nlm.nih.gov/pubmed/8722214; Fricke BL, Donnelly LF, Casper KA, Bissler JJ. Frequency and imaging appearance of hepatic angiomyolipomas in pediatric and adult patients with tuberous sclerosis. AJR Am J Roentgenol. 2004;182(4):1027–1030. doi:10.2214/ajr.182.4.1821027; Hornick JL, Fletcher CDM. PEComa: what do we know so far? Histopathology. 2006;48(1):75–82. doi:10.1111/j.1365-2559.2005.02316.x; Kesserwan C, Sokolic R, Cowen EW, et al. Multicentric dermatofibrosarcoma protuberans in patients with adenosine deaminase-deficient severe combined immune deficiency. J Allergy Clin Immunol. 2012;129(3):762–769.e1. doi:10.1016/j.jaci.2011.10.028; PDQ® Pediatric Treatment Editorial Board. PDQ childhood soft tissue sarcoma treatment. Bethesda, MD: National Cancer Institute. https://www.cancer.gov/types/soft-tissue-sarcoma/hp/child-soft-tissue-treatment-pdq.





Spunt et al. reported the preliminary results of the ARST0332 trial. This trial demonstrated that some patients can be treated with surgery alone, while the RT can be spared. In fact, children with synovial sarcoma who have tumors <5 cm can be treated with resection alone without chemotherapy or RT regardless of the grade, with a 3-year EFS rate of 90%.141 In patients with metastatic disease or large tumors that cannot be resected, the outcomes remain poor.

The currently recommended chemotherapy regimen from ARST0332 for those patients who need chemotherapy is the two-drug combination of ifosfamide and doxorubicin. The most recently completed trial ARST1321 added pazopanib to the ifosfamide/doxorubicin backbone to evaluate the response as defined by the percent necrosis at the time of local control, but results of this trial are currently pending.

Some NRSTS are responsive to specific therapies. For example, alveolar soft part sarcoma (ASPS) is a notoriously chemotherapy-resistant tumor. Surgery is the standard of care for this tumor, but targeted therapies such as pazopanib and sunitinib, both being receptor tyrosine kinase inhibitors that target multiple pathways, have been able to achieve stable disease and partial responses (in the case of sunitinib) for some patients in several series of patients who had unresectable disease.105,106 In the adult literature, there is Phase 2 data for cediranib, a small-molecule inhibitor of all three vascular endothelial growth factor receptors, and currently, there is a Phase 2 trial ongoing that compares cediranib with sunitinib for ASPS.107



78TABLE 6.6 Selected Chromosomal Aberrations in Non-Rhabdomyosarcomatous Soft Tissue Sarcomas in Pediatric Patients









	Histology
	Chromosomal Aberrations
	Genes Involved





	Alveolar soft part sarcoma
	t(x;17)(p11.2;q25)
	ASPL/TFE3



	Angiomatoid fibrous histiocytoma
	t(12;16)(q13;p11), t(2;22)(q33;q12), t(12;22)(q13;q12)
	FUS/ATF1, EWSR1/CREB1, EWS/ATF1



	BCOR-rearranged sarcomas
	Inv(X)(p11.4;p11.2)
	BCOR/CCN83



	CIC-rearranged sarcomas
	t(4;19)(q35;q13), t(10;19)(q26;q13)
	CIC–DUX4



	Clear cell sarcoma
	t(12;22)(q13;q12), t(2;22)(q33;q12)
	ATF1/EWSR1, EWSR1/CREB1



	Congenital/infantile fibrosarcoma/mesoblastic nephroma
	t(12;15)(p13;q25)
	ETV6–NTRK3



	Desmoid fibromatosis
	Trisomy 8 or 20, loss of 5q21
	CTNNB1 or APC mutations



	Desmoplastic small round cell tumors
	t(11;22)(p13;q12)
	EWS/WT1



	Epithelioid hemangioendothelioma
	t(1;3)(p36;q25)
	WWTR1/CAMTA1



	Epithelioid sarcoma/rhabdoid tumor
	Inactivation of SMARC81
	SMARC81



	Extraskeletal myxoid chondrosarcoma
	t(9;22)(q22;q12), t(9;17)(q22;q11), t(9;15)(q22;q21), t(3;9)(q11;q22)
	EWSR1/NR4A3, TAF2N/NR4A3, TCF12/NR4A3, TGF/NR4A3



	Inflammatory myofibroblastic tumor
	t(1;2)(q23;q23), t(2;19)(q23;q13)
t(2;17)(q23;q23), t(2;2)(p23;q13)
t(2;11)(p23;p15)
	TPM3/ALK, TPM4/ALK, CLTC/ALK, RANBP2/ALK, CARS/ALK, RAS



	Infantile myofibromatosis
	 
	PDGFRB



	Malignant peripheral nerve sheath tumor
	17q11.2, loss or rearrangement of 10p, 11q, 17q, 22q
	NF1



	Myoepithelioma
	 
	EWSR1/ZNF44, EWSR1/PBX1, EWSR1/POU5F1



	Synovial sarcoma
	t(x;18)(p11.2;q11.2)
	SYT/SSX



	Giant cell tumor
	t(1;2)(p13;q35)
	COL6A3/CSF1









Sources: Data from Laetsch TW, DuBois SG, Mascarenhas L, et al. Larotrectinib for paediatric solid tumours harbouring NTRK gene fusions: phase 1 results from a multicentre, open-label, phase 1/2 study. Lancet Oncol. 2018;19(5):705–714. doi:10.1016/S1470-2045(18)30119-0; Slater O, Shipley J. Clinical relevance of molecular genetics to paediatric sarcomas. J Clin Pathol. 2007;60(11):1187–1194. doi:10.1136/jcp.2006.040113; Sandberg AA. Translocations in malignant tumors. Am J Pathol. 2001;159(6):1979–1980. doi:10.1016/S0002-9440(10)63047-7; Mertens F, Antonescu CR, Hohenberger P, et al. Translocation-related sarcomas. Semin Oncol. 2009;36(4):312–323. doi:10.1053/j.seminoncol.2009.06.004.





Targeted therapy with anaplastic lymphoma kinase (ALK) inhibitors is extremely effective in inflammatory myofibroblastic tumor.108,109 Infantile fibrosarcoma is one of the most common tumors in younger children and about 70% carry ETV6–NTRK3 fusion. The NTRK inhibitor larotrectinib was found to be highly effective across tropomyosin receptor kinase (TRK) fusion-positive tumors in both adult and pediatric cancers that harbor the fusion.99 Desmoid tumors are typically difficult to resect and treat. A 2018 adult trial found that patients, many of whom had been previously treated, had durable responses to sorafenib, with 89% of patients showing stable disease after 12 months of therapy.110

Enhancer of zeste homolog 2 (EZH2) inhibitors such as tazemetostat have produced objective responses in about 5% of patients with solid tumors and clinical benefit such as stable disease in about one-third of patients with INI1- or SMARCA4-negative tumors.111

Sequelae of Therapy

Patients who are long-term survivors of NRSTS have many similar issues to the conditions that have been discussed in the previous Sequelae of Therapy sections in this chapter. In 2018, a comparison of survivors who received therapy in different eras of pediatric cancer treatment showed that patients who received NRSTS treatment in 1990 to 1999 compared to 1970 to 1979 had fewer grade 3–5 chronic conditions (28.3% vs. 36.5%, p = .021).112 In general, this means that, while the outcomes for children and adolescents with NRSTS have improved, we have also been able to reduce long-term morbidity from the treatment. Issues revolve around activity limitations due to surgery to remove the tumor and sequelae from chemotherapy and RT for those treated with them. Follow-up after completion of chemotherapy usually involves many subspecialists specially trained in the treatment of sequelae of pediatric cancer treatment. Initially, the patient is followed with routine scans and lab work (CBC with differential and blood chemistry tests) every 3 to 4 months with routine subspecialty care that may involve specialists from cardiology, nephrology, fertility, and rehabilitation, depending on the individual needs of the child. The patient will need echocardiograms to follow the heart function, depending on the total dose of doxorubicin and the radiation field. This initial interval during follow-up may be spread out to every 4 to 6 months for 2 to 4 years from therapy and annually after 5 years, depending on the institutional standards. Patients who have been exposed to doxorubicin and ifosfamide will need at least an annual CBC with differential to look for any signs of early bone marrow failure that may indicate chemotherapy-related myeloproliferative disorder or even leukemia.
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FIGURE 6.4  Treatment algorithm ARST0332.

RT, radiation therapy.

Source: Reproduced with permission from Spunt SL, Million L, Anderson JR, et al. Risk-based treatment for nonrhabdomyosarcoma soft tissue sarcomas (NRSTS) in patients under 30 years of age: Children’s Oncology Group study ARST0332. J Clin Oncol. 2014;32(15_suppl):10008–10008. doi:10.1200/jco.2014.32.15_suppl.10008
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Progressive or recurrent NRSTS is very difficult to treat and the prognosis remains poor. Treatment of recurrence or refractory disease should be tailored to the patient when possible, based on the type of tumor, actionable targets in the tumor, individual patient considerations, and open clinical trials. The pediatric Molecular Analysis for Therapy Choice (MATCH) through the COG is currently enrolling patients who have specific actionable targets, and this may be an option for certain patients with relapsed or refractory disease that cannot be resected. Surgery to prevent recurrence should be performed when possible, including isolated pulmonary occurrences. Patients who were able to have second surgical remission have prolonged survival overall, but still have a dismal overall outcome.113 If the patient has not previously been radiated to the site of recurrence, then radiation is recommended as well. Chemotherapy options for relapsed disease are limited, but several regimens including gemcitabine with docetaxel have produced limited responses.114 Pazopanib, which was moved into the Phase 3 setting for the most recent NRSTS COG protocol, can be used as monotherapy in the relapsed setting. One adult study showed significant improvement in progression-free survival compared to placebo, and it has been Food and Drug Administration (FDA) approved subsequently for treatment of adult advanced soft tissue sarcoma.115 Eribulin and trabectedin are two agents that have been approved for treatment of adult soft tissue sarcoma. Trabectedin plus irinotecan has shown some limited but promising results in translocation-positive sarcomas, though larger patient cohorts are needed to determine which translocation-positive patients may be best served by this combination.116 Eribulin, an antimitotic agent, was tested in the Phase 1 setting in pediatrics with acceptable toxicity, and in this limited population, one patient with sarcoma had a partial response and three more patients received at least three courses of eribulin.117

RHABDOMYOSARCOMA

Epidemiology

RMS is the most common soft tissue sarcoma in children and accounts for about 3% of all childhood cancer cases with an incidence of 4.9 cases per 1 million.118,119 Males have a higher incidence than females. The embryonal rhabdomyosarcoma (eRMS) histologic subtype is more common in young children, whereas alveolar rhabdomyosarcoma (aRMS) is equally distributed among patients under 20 years of age.119 Several genetic predisposition syndromes are associated with an increased risk of developing RMS, including Li–Fraumeni syndrome, germline Dicer1 mutations, neurofibromatosis type 1, Costello syndrome, Beckwith–Wiedemann syndrome, and Noonan syndrome (see Table 6.7).119–121

Molecular Pathology

Embryonal RMS is characterized by a high mutational burden that increases with age. The most common genes mutated in eRMS belong to the RAS family and include HRAS, KRAS, NRAS, and NF1. Other genes that are less frequently mutated include PI3KCA, BCOR, FBXW7, TP53, CTNNB1, and FGFR4.12,122

Alveolar RMS is characterized by a lower background mutation rate and translocations of the PAX3 or PAX7 gene to the FOXO1 gene. Rarely, aRMS has been reported to harbor PIK3CA mutations.12,122

A rare variant called sclerosing RMS accounts for 5% to 10% of all cases and is genetically heterogeneous. A subgroup of patients who are generally older (median age 19 years) has tumors with spindle 81cell/sclerosing morphology. These tumors have an MYOD1 (L122R) gene mutation which can coexist with a PIK3CA mutation and are associated with very poor clinical outcome.123 Another subgroup of patients comprising infants who have a predominantly spindle cell histology is characterized by VGLL2 and NCOA2 rearrangements and is associated with a favorable clinical outcome.124
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Clinical Presentation and Diagnosis

Because RMS can arise almost anywhere in the body, symptoms are usually related to the site of primary tumor. The most common sites of RMS include the head or neck (about one-third of the cases), genitourinary tract (23%), extremities (20%), and other sites.125 RMS is staged using a surgicopathologic (Tables 6.8 and 6.9) staging system, which assigns clinical group based on the extent of initial surgery (Table 6.9), and a pretreatment staging system, which assigns a stage based on the site of disease, nodal status, and the size of the tumor. As shown in Table 6.8, favorable sites include the orbit, other nonparameningeal head and neck tumors, nonbladder prostate tumors, and the biliary tract. Approximately 50% of children with RMS present with group III (unresected) tumors and 16% present with metastases at diagnosis that most commonly involve the lung (39%), bone marrow (32%), and bone (27%).126 Nodal metastases are particularly prevalent among patients with extremity primary tumors and in patients older than 10 years of age with paratesticular tumors.127–129

Diagnosis is made in most cases by excisional biopsy, core-needle biopsy, and rarely by complete resection of the mass at presentation. At presentation, a CT scan or an MRI of the primary tumor should be obtained depending on the location. Once tissue diagnosis is made, further workup should include a CT scan of the chest to look for metastatic disease, a PET scan to identify bone or soft tissue metastases, as well as bilateral bone marrow aspirates and biopsies. Patients with extremity tumors should undergo sentinel node biopsy, and patients older than 10 years of age with paratesticular tumors should undergo nerve-sparing ipsilateral retroperitoneal node dissection.
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82TABLE 6.9 Clinical Group Staging for Rhabdomyosarcoma









	Clinical Group
	Definition





	I
	Completely resected localized disease



	IIa
	Tumor grossly resected with R1 margins



	IIb
	Regional lymph nodes are involved, though primary is completely resected with R0 margins



	IIc
	Regional lymph nodes are involved, though primary is completely resected with R1 margins



	III
	Biopsy only, or partial resection only, debulking



	IV
	Distant metastatic disease









R0, no residual tumor; R1, microscopic residual tumor.

Source: Adapted from Malempati S, Hawkins DS. Rhabdomyosarcoma: review of the Children’s Oncology Group (COG) Soft-Tissue Sarcoma Committee experience and rationale for current COG studies. Pediatr Blood Cancer. 2012;59(1):5–10. doi:10.1002/pbc.24118.





Treatment

Combined modality therapy with chemotherapy and surgery and/or RT is used to treat all patients with RMS. Treatment decisions are based on a risk stratification system that takes into consideration the histology of the tumor, the site of the tumor, and the stage and clinical group of the tumor (Table 6.10). In North America, the backbone that has been used for most cases of RMS has been VAC. Addition of other drugs or intensification of cyclophosphamide has not resulted in improved cure rates for patients with intermediate- or high-risk disease.130–132 As seen in Table 6.10, there is a group of patients designated as low risk who can be treated with a short course of therapy that includes a lower dose of cyclophosphamide with an expected 5-year EFS rate of 89%.132 Intermediate-risk patients comprise a heterogeneous group with outcomes that range from 65% to 87% and are usually treated with more intensive cyclophosphamide doses or with VAC alternating with vincristine and irinotecan. A 2018 European study EpSSG 2005 evaluated, in a randomized fashion, the addition of six cycles of maintenance therapy with low-dose cyclophosphamide and vinorelbine. The results of this trial demonstrated improved outcomes for those who received maintenance therapy (3-year EFS rate 78.4% vs. 72.3%, p = .061 and overall survival rate 87.3% vs. 77.4%, p = .011).133 Based on these results, most trials in Europe and North America will now incorporate a maintenance phase for children with intermediate-risk RMS. As previously mentioned, the outcome for patients with high-risk features (Table 6.10) has not improved over the past 30 years, with the 3-year EFS rates being under 20%. Radiation doses usually range from 36 to 50.4 Gy and it is usually administered at week 12 or 20. Currently, metastatic sites should be radiated as well; these are typically addressed at the end of chemotherapy.134,135



TABLE 6.10 Treatment Stratification Using the COG and Oberlin Risk Prognostic Factors









	Risk
	COG Risk Assignment
	EFS Rate (5 Years)





	Low
	Low risk subset 1:
eRMS (FOXO1 negative)
Stages I and II, groups I and II
Stage I, group III orbital only
	90%



	Intermediate
	eRMS
Stage I, group II (nonorbit)
Stage III, groups I and II
Stages II and III, group III
Stage IV, group IV (age <10 years old)
aRMS:
Stages I to III, groups I to III
	60% to 75%



	High
	eRMS:
Stage IV, group IV (age >10 years old)
aRMS:
Stage IV, group IV
	10% to 20%









aRMS, alveolar rhabdomyosarcoma; eRMS, embryonal rhabdomyosarcoma; COG, Children’s Oncology Group; EFS, event-free survival; RMS, rhabdomyosarcoma.

Sources: Data from Pappo AS, Dirksen U. Rhabdomyosarcoma, Ewing sarcoma, and other round cell sarcomas. J Clin Oncol. 2018;36(2):168–179. doi:10.1200/JCO.2017.74.7402; Oberlin O, Rey A, Lyden E, et al. Prognostic factors in metastatic rhabdomyosarcomas: results of a pooled analysis from United States and European cooperative groups. J Clin Oncol. 2008;26(14):2384–2389. doi:10.1200/JCO.2007.14.7207.





83Sequelae of Therapy

As survival rates for patients with RMS have increased over the past 30 to 40 years, late consequences of therapy have become more obvious. The main long-term issues seem to be associated with exposure to radiation during therapy, including late visual and endocrine effects. Functional impairments similar to those seen with long-term survivors of other types of pediatric sarcomas are also seen and seem possibly related to aggressive surgical procedures, size of the tumor, and the location of primary disease.136 Follow-up after completion of therapy should include routine scans and lab work (CBC with differential and blood chemistry) initially every 3 to 4 months with routine subspecialty care that may involve specialists from cardiology, nephrology, fertility, and rehabilitation, depending on the individual needs of the child. The patient will need echocardiograms to follow the heart function, depending on the total dose of doxorubicin and the radiation fields. This initial interval of follow-up may be spread out to every 4 to 6 months for 2 to 4 years from therapy and annually after 5 years, depending on the institutional standards. Patients exposed to doxorubicin, cyclophosphamide, and etoposide will need at least an annual CBC with differential to look for any signs of early bone marrow failure that may indicate chemotherapy-related myeloproliferative disorder or even leukemia.

Treatment of Recurrence

Patients who experience a recurrence of their disease have a poor outcome, with only 17% surviving 5 years following their first recurrence.137 The COG trial ARST0921 was a trial for relapsed RMS patients with randomization to either vinorelbine and cyclophosphamide with either temsirolimus or bevacizumab. Results showed a superior 6-month EFS with temsirolimus (65%) compared to bevacizumab (50%) and a higher proportion of patients with partial responses on the temsirolimus arm as well (33% vs. 18%).138 Hence, today many would consider this first-line therapy for patients with relapsed RMS. Other regimens include vincristine, irinotecan, temodar (VIT) and irinotecan, temodar, temsirolimus (ITT). High-dose chemotherapy with autologous bone marrow transplant plays has no role in the treatment of recurrent RMS.139 Promising data in mouse models show that targeting WEE1 kinase may be effective in patients with high-risk RMS, and the COG is conducting a Phase 1 trial of this agent in combination with irinotecan in patients with recurrent RMS.140

SUMMARY

This chapter delves into the wide array of pediatric sarcoma diagnoses, their historical treatments, outcomes, and future directions, as we continue to try to find the best way to treat this heterogeneous group of pediatric cancers. The future of pediatric sarcomas will likely be based on the genomic background of each tumor to allow a more individualized approach to patient care, though currently we rely on combination treatment regimens utilizing chemotherapy, radiation, and surgery for most patients. Great improvements in pediatric cancer treatment have been seen in the past 50 years, though for most sarcomas, this improvement has been modest at best with many children still requiring large operations including amputations, harsh treatments, and for those who survive, long-term side effects from treatment as a child or adolescent.
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Radiology encompasses a diverse practice ranging from diagnostic imaging to definitive interventional treatments. While the field has become increasingly subspecialized by imaging modality and anatomic domains, sarcoma cuts across multiple subspecialty fields even within radiology. Because sarcomas arise in bone and soft tissue, musculoskeletal radiologists play a particularly prominent role in the diagnosis and management of sarcoma patients. This chapter focuses on the radiologic evaluation of both bone and soft tissue sarcomas. It reviews the most common imaging modalities, with an emphasis on understanding the language radiologists use to describe key features of disease. The chapter describes the characteristic radiographic findings that indicate biologic aggressiveness and matrix composition of bone sarcomas, distinguishing features of soft tissue sarcomas, and issues regarding initial staging. It discusses imaging follow-up pertaining to criteria for assessment of treatment response and guidelines for both local and distant disease surveillance.
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INTRODUCTION

Radiology encompasses a diverse practice ranging from diagnostic imaging to definitive interventional treatments. While the field has become increasingly subspecialized by imaging modality and anatomic domains, sarcoma cuts across multiple subspecialty fields even within radiology. Because sarcomas arise in bone and soft tissue, musculoskeletal radiologists play a particularly prominent role in the diagnosis and management of sarcoma patients.

This chapter focuses on the radiologic evaluation of both bone and soft tissue sarcomas. The most common imaging modalities are reviewed, with an emphasis on understanding the language radiologists use to describe key features of disease. Characteristic radiographic findings that indicate biologic aggressiveness and matrix composition of bone sarcomas, distinguishing features of soft tissue sarcomas, and issues regarding initial staging are described. The chapter also discusses imaging follow-up pertaining to criteria for assessment of treatment response and guidelines for both local and distant disease surveillance.

IMAGING MODALITIES

A brief review of common radiology imaging modalities highlights a few basic principles that may provide a broader understanding of each modality’s advantages and drawbacks, as well as a primer for commonly used terminology.

Radiographs

Radiographs are the diagnostic images resulting from exposure of a film (nowadays, digital imaging panel) to x-rays that have passed through a bone and soft tissue. It is interesting to think that little has changed in the basic physics of this modality since Röntgen first published the phenomenon in 1895 (a discovery for which he earned the first Nobel Prize in Physics in 1901); few other medical technologies from that era have endured essentially unaltered. The terms “plain film,” “x-ray,” and “radiograph” all refer to these two-dimensional clinical images. Denser material (metal, bone) attenuates the x-ray beam and appears white, whereas less dense tissue (e.g., lung) allows the x-rays to pass through unimpeded to expose the film/plate, appearing black (radiolucent). X-ray exposure results in a small dose of ionizing radiation, but the biologic risk of this exposure varies with the anatomic site being imaged and is generally negligible in the extremities at diagnostic imaging dosage. Radiographs are absolutely essential in the evaluation of any osseous abnormality, be it traumatic, neoplastic, developmental, or infectious. This is because of the wealth of information gleaned from this simple and ubiquitous examination: size and location of the lesion, presence and character of tumor mineralization, and biologic aggressiveness.

Computed Tomography

In the early 1970s, Sir Godfrey Hounsfield developed a method for reconstructing images based on three-dimensional exposure to rotating x-rays, revolutionizing medical imaging and sharing the 1979 Nobel Prize in Medicine with Allan Cormack. Differences in tissue density determine tissue contrast and are measured in Hounsfield units (HU). By convention, the scale is set with water at 0 HU, air at −1,000 HU, and fatty tissue between −40 and −120 HU; normal cortical bone is generally >800 HU and healthy muscle is typically around 30 to 40 HU. Lesions may be described as hyperdense, isodense, 92or hypodense relative to normal muscle or water. Iodinated contrast material may be injected intravenously to improve lesion conspicuity or delineate vascular anatomy. The degree of tumor enhancement with intravenous (IV) contrast material is often used as a surrogate marker for tumor viability, and nonenhancing regions of tumor are assumed to reflect tumor necrosis. Assessing the proportions of enhancing viable tumor and nonenhancing necrotic tumor, and how these proportions change over time, is as critical as measuring changes in tumor dimension when determining sarcoma treatment efficacy.

Magnetic Resonance Imaging

A discussion of the physics of nuclear magnetic resonance, which forms the basis for MRI, is beyond the scope of this chapter. The basic premise is that hydrogen protons (mainly in water) in the body are aligned by a strong magnetic field (clinical strengths commonly at 1.5 and 3.0 T). The protons are spinning, and precess (much like a spinning top) with a specific Larmor frequency. To get signal, the protons must first be energized or “excited” by a radiofrequency (RF) pulse. The RF pulse also brings the proton into phase coherence. The protons then release that energy, or “relax” also by means of radiation. For their work in developing MRI, Peter Mansfield and Paul Lauterbur were awarded the 2003 Nobel Prize in Medicine.

On T1-weighted images, tissue contrast is generated by exploiting differences in the rate at which the protons in different tissues relax to their ground state; for example, protons in fat relax faster than those in free water. A second type of image (T2-weighted) is dependent upon the rate at which the protons dephase; protons in fat and muscle dephase much faster than those in free water. T1-weighted, fat-suppressed T2 (or sometimes proton density [PD])-weighted, and contrast-enhanced T1-weighted (frequently also fat-suppressed) sequences form the standard sequences around which most orthopedic oncology MRI protocols are built.

In this clinically oriented review, we focus on explaining terminology frequently used in clinical radiology reports. With T1 weighting, fat is hyperintense (white) compared to skeletal muscle, and water is dark. T1-weighted images are helpful in evaluating bone marrow, because most marrow in adults (particularly appendicular) comprises yellow or “fatty” marrow; because cellular tissue contains more water, hematopoietic “red” marrow is variably darker (more hypointense) on T1-weighted images than yellow marrow. In T2-weighted images, both fat and water are hyperintense (relative to skeletal muscle); but in many situations, the signal from fat is suppressed, such that only water or tissues containing high water content are bright. We often refer to these as “fluid-sensitive” sequences, and the term “T2 hyperintensity” invariably refers to water-like signal (see Figure 7.1).
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FIGURE 7.1  (A) Frontal radiograph shows a conventional osteosarcoma in the proximal humerus with periosteal reaction (arrowheads) indicative of an aggressive lesion. (B) On the coronal T1-weighted image, note the normal T1-hyperintense signal in the more distal humeral diaphysis (yellow arrow), while the osteosarcoma obliterates the normal proximal humeral marrow (red arrow). (C) The coronal STIR, a fluid-sensitive sequence, depicts the tumor’s T2 hyperintensity as well as the extraosseous component both medially and laterally (arrowheads). The glenohumeral joint effusion is suggestive of intra-articular extension.

STIR, short-tau inversion recovery.





93Because tumors are hypercellular, and cellular tissue is composed mostly of water, musculoskeletal neoplasms are generally hyperintense on T2-weighted images, though the presence of other components (e.g., evolving blood products) will alter the relaxation parameters. Hemosiderin, as a superparamagnetic material, accumulating at the periphery of a hemorrhagic or necrotic tumor component, will substantially shorten T2 relaxation times and may result in a rim of T2-hypointense signal at the margins. Solid viable tumor components will enhance with gadolinium-based contrast agent; nonenhancing components (e.g., tumor necrosis) will manifest as areas of hypointensity on the post-contrast sequences. Because changes in the amount or proportion of viable tumor may supersede dimensional changes in clinical decision-making, it is sometimes useful to obtain “subtraction” images, where the precontrast images are subtracted from the postcontrast images, which aids in discriminating true tissue enhancement from areas of tumor hemorrhage that are often intrinsically T1 hyperintense.

Like CT, MRI does utilize electromagnetic radiation; however, the radiation employed is “nonionizing” and poses no known carcinogenic threat (although the U.S. Food and Drug Administration [FDA] does place limits on the amount of RF energy to be delivered). Intrinsic tissue contrast, that is, conspicuity of soft tissue planes and the ability to distinguish substances such as blood from fat, muscle, and fibrous tissue, is superior to that of CT and can be improved even further with administration of gadolinium-based contrast agents. MR images are arbitrarily assigned pixel values based on signal strength; thus, unlike HUs in CT, it is impossible to quantify absolute tissue signal in a given region of interest; only relative signal strengths (to muscle by convention) can be evaluated. Whereas a CT scan of the entire body may take only several seconds on modern multirow detector machines, MRI is generally much more time-consuming, in part because standard MRI sequences are acquired separately in a single plane (coronal, axial, and sagittal), although some MRI sequences permit isotropic resolution, so that the acquired data set can be reformatted into any desired image plane. Routine protocols may require anywhere between 30 and 60 minutes, depending on the extent of anatomic coverage. Finally, patients must be screened for MRI because of the possibility of fatal implant migration (e.g., non–MR-compatible brain aneurysm clips, cardiac pacing implants, or other metals that are not MR compatible).

Ultrasound

Ultrasound exploits the piezoelectric effect that allows certain solid crystals to translate mechanical motion into small electrical charges. The ultrasound probe is essentially an array of these crystals that transmits mechanical wave energy (insonation) into tissue and then detects the reflected waves that are converted into electronic signals, eventually formed into a gray scale image. The insonated sound waves are reflected and refracted based on a number of factors including tissue composition, orientation, and tissue boundaries/interfaces. Because water transmits the sound waves efficiently, simple fluid-filled cysts reflect back little acoustic energy, and thus appear “anechoic.” Solid soft tissue neoplasms typically appear hypoechoic to adjacent adipose tissue, but may also result in attenuation of sound wave transmission to deeper tissues. Ultrasound also detects blood flow within a lesion using the Doppler effect (see Figure 7.2); echoes reflected from the moving intravascular blood will be phase shifted by the direction of blood flow, either toward the transducer (frequency is compressed) or away from the transducer (frequency is stretched). This allows one to calculate both the velocity and directionality of blood flow. Doppler interrogation is particularly useful when seeking to target viable solid tumor components in an otherwise cystic/necrotic mass, assessing tumor relationships to the neurovascular bundle, and in distinguishing high- from low-flow vascular neoplasms and malformations. Ultrasound is generally well suited to localized exams of more superficial soft tissue masses. Lower-frequency sound waves can interrogate deeper soft tissues, but at the cost of decreased spatial resolution.
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FIGURE 7.2  Ultrasound shows that the lesion is hypervascular, with markedly increased internal blood flow on Doppler interrogation, typical of alveolar soft part sarcoma. The red and blue coloring reflects blood moving away from or toward the probe.





94Positron Emission Tomography

The basis for most PET imaging is use of a radiolabeled glucose analog—fluorodeoxyglucose (18F), often abbreviated FDG—that becomes concentrated in metabolically active tissues. 18F decays by emitting a positron, which self-annihilates with its electron antiparticle, thus releasing two gamma rays that travel in opposite directions. A ring of scintillators and photomultiplier tubes surrounds the patient to detect and spatially localize only photons arriving simultaneously at the detector, that is, coincidence events. CT scanning of the patient is either performed on a dual PET–CT machine or the CT may be acquired on a separate machine with the images anatomically registered to the PET images to create a fused PET–CT series. The CT portion of the exam serves two key roles—one is to create an attenuation map that corrects for undercounting of true coincidence events that arise because of photon absorption in the bones, soft tissues, or metallic implants and the other purpose is to refine anatomic localization of the site of increased tissue metabolism. PET–CT plays important roles in initial staging by identifying distant sites of disease and in characterizing morphologically indeterminate lesions as either metabolically active or relatively quiescent. Generally, lung nodules <1 cm in size are not well characterized by PET–CT and are said to be below the threshold for reliable determination of FDG avidity. It should also be pointed out that some benign tumors may show surprisingly high levels of FDG avidity and may be detected incidentally on staging PET–CT, for example, intra-articular tenosynovial giant cell tumor.1 On the other hand, some malignant tumors may show little FDG uptake relative to background. While there are a variety of ways FDG uptake may be quantified, most radiologists and nuclear medicine physicians will report a lesion’s maximum standardized uptake value in a given region of interest (SUVmax). PET–CT may be an excellent problem-solving tool in circumstances in which identifying viable residual tumor would mandate a change in treatment; but one must be aware of nonspecificity of FDG uptake in any postinfectious/inflammatory setting, which limits PET–CT’s role in early postoperative surveillance.

BONE TUMORS

General Considerations

Radiography plays a central role in the initial evaluation of any bone lesion. While the reader is referred to other sources for a full discussion of the radiographic differential for bone tumors,2 we focus on providing a brief primer for nonradiologists in a basic interpretative approach. During initial evaluation of a bone lesion, one should attempt to answer several key questions in determining its likelihood of being neoplastic, its malignant potential, and any impending fracture risk:



  •  Where is the lesion: which bone and where in the bone?

  •  What is the structural effect on the bone?

  •  How is the bone responding?

  •  What is in the lesion (any clues to the histology)?

Answers to these questions, coupled with a few demographic and clinical details, can lead to a confident diagnosis in many cases. Even if the likely histology cannot be determined, the radiographs will elucidate a lesion’s biologic aggressiveness and whether it should be biopsied.

Where Is the Lesion?

The skeletal location of a tumor is a particularly helpful discriminator of tumor subtypes. While most bone tumors may occur in or near the metaphysis of long bones, particularly around the knees and proximal humerus, other locations favor a few diagnoses, for example, Ewing sarcoma and chondrosarcoma in the flat bones such as the iliacs or ribs, adamantinoma in the tibial shaft and mandible, and chordoma in the skull base or sacrum. The location of the tumor in a long bone—epiphysis, metaphysis, or diaphysis—is helpful in further narrowing the differential considerations. Osteosarcoma usually occurs in the metaphysis, while Ewing sarcoma is known to occur in the diaphysis. A large majority of 95giant cell tumors of bone are subarticular and generally extend into the metaphysis. Osteolytic tumors that involve only the epiphysis include chondroblastoma and clear cell chondrosarcoma.

What Is the Structural Effect on the Bone?

Some tumors are osteolytic and others are osteoblastic. Some, notably breast carcinoma metastases, can be mixed. Osteolysis caused by tumor is, at a cellular level, performed by osteoclasts and not the tumor cells themselves; while tumor cells cannot resorb bone, they can upregulate the osteoclasts via the RANK (receptor activator of nuclear factor-κB) ligand pathway. Note that for a lytic lesion to be seen on a radiograph, at least 50% of the bone matrix (compared to the surrounding bone) must be resorbed.

As described by Lodwick,3 there are three classic patterns of bone destruction that give a clue to the aggressive nature of an osteolytic lesion and predict tumor growth rate (see Figure 7.3):



  •  “Geographic bone destruction” implies a lesion with a sharply defined border. This can also be described as a narrow zone of transition between pathologic and normal bone. A geographic appearance implies a benign or less aggressive tumor, particularly when a thick sclerotic rim is present, as this implies sufficiently slow growth as to allow osteoblasts to deposit bone around the tumor margin.

  •  “Moth-eaten appearance” refers to areas of bone destruction with ragged edges. This is indicative of a malignant process rapidly expanding in the bone, resulting in mottled appearance. Metastatic disease, myeloma, lymphoma, and Ewing sarcoma commonly have a moth-eaten appearance.

  •  “Permeative appearance” implies that the tumor is moving through the bone without destroying all the trabeculae, resulting in numerous tiny “holes” in the bone that may become confluent in larger areas of destruction. There is, therefore, an ill-defined wide zone of transition between pathologic and normal bone. This classically is characteristic of round cell tumors such as lymphoma, leukemia, Ewing sarcoma, myeloma, osteomyelitis, and neuroblastoma. From a practical standpoint, moth-eaten and permeative appearances are distinctions without a clinically meaningful difference as they may coexist in a lesion and both mark a biologically aggressive process.

Recognizing such realities, Caracciolo et al. have proposed a modified Lodwick–Madewell grading system that groups geographic lesions with a well-defined margin (sclerotic or not) as grade I; geographic lesion with partial or circumferential ill-defined margins as grade II; and moth-eaten/permeative appearance, lesions exhibiting changes in margin or progressive endosteal scalloping, or radiographically occult lesions (but seen as marrow infiltrative processes on advanced modalities such as PET or MRI) as grade III.4 Of 183 lytic bone tumors, 76 of 81 (94%) grade I lesions were confirmed histologically as benign and 39 of 48 grade III lesions (81%) were malignant; however, grade II lesions were nearly as likely to be benign as malignant.

How Is the Bone Responding?

This question is closely related to the above issues of what the lesion is doing, but focuses on how the bone and specifically the periosteum are reacting to the lesion. The universal response of periosteum to disease or injury is to make more bone. With slower-growing lesions, the periosteum is raised off the cortex, but has sufficient time to lay down new bone, resulting in solid periosteal mineralization. With slightly faster growth, a smooth line of mineralization may form a shell around the lesion. “Onion-skinning” or lamellated periosteal reaction occurs when the periosteum lays down bone between sporadic intervals of more rapid tumor growth. Tumors that are rapidly increasing in size outstrip the periosteum’s ability to lay down surrounding bone and stretch the small orthogonally oriented Sharpey’s fibers between the periosteum and cortex; ossification along these perpendicular fibers results in a “sunburst” or “hair-on-end” appearance of periosteal reaction (see Figure 7.4). In some highly aggressive lesions, ossification may occur only at the margins of the lesion where the periosteum is lifted off the bone, resulting in the appearance of a Codman triangle when viewed tangentially at radiography. Finally, and perhaps counterintuitively, the most aggressive lesions may perforate the cortex and enlarge so rapidly that the periosteum has no time to lay down new bone; this type of growth is classically seen in primary bone lymphoma or very aggressive osteosarcoma.
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FIGURE 7.3  Geographic lytic lesions depicting a range of biologic aggressiveness that can be inferred from the pattern of osteolysis. (A) Fibrous dysplasia in the left iliac bone shows a grade I pattern with thick sclerotic margins. (B) Giant cell tumor of bone in the proximal tibia shows a grade Ib pattern with narrow zone of transition. (C) Metastatic Ewing sarcoma to the proximal femur shows a grade III pattern with permeative lucency and wide zone of transition.
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FIGURE 7.4  Patterns of periosteal reaction that correlate with tumor growth rates. Examples in this figure include an osteoid osteoma with smooth dense cortical reaction, periosteal osteosarcoma with lamellated periosteal reaction (“onion skinning”), conventional osteosarcoma with both Codman triangle and a sunburst pattern of mineralization along Sharpey’s fibers, and lymphoma with tumor growth outstripping ability of periosteum to lay down layers of surrounding bone.





What Is in the Lesion?

An assessment of the matrix of a lesion can give a clue to the histologic diagnosis. An osseous matrix appears fluffy and white on a radiograph. Often, radiologists may refer to this as an “osteoid matrix,” and it should be pointed out that use of the term “osteoid” in this context is distinct from pathologists’ usage, which denotes an absence of mineralization. The term “ground glass” matrix has been used to refer to the smooth increased mineralization pattern observed in fibrous dysplasia, although this can also be seen in low-grade central osteosarcoma. A chondroid matrix has a classical appearance of “rings and arcs” on plain films, reflecting the lobular growth pattern of the underlying cartilage-forming neoplasm. Fat-containing lesions, such as intraosseous lipoma or liposclerosing myxofibrous tumor, will exhibit intralesional fat, although the quantity may vary, depending on the extent of cystic involutional changes.

Osteosarcoma

Osteosarcoma (OS) is the most common primary bone sarcoma, typically occurring during childhood and adolescence. In patients over the age of 40, it is more often associated with a preexistent condition such as Paget’s disease or irradiated bone.5 Between 80% and 90% of the tumors occur in the metaphysis of long bone, with the most common sites being the distal femur, proximal tibia, and proximal humerus. The hallmark radiographic features of conventional osteosarcoma include production of neoplastic bone, which manifests radiologically as dense or calcifications, and aggressive periosteal reaction indicative of rapid tumor growth.6,7 Cross-sectional imaging studies may reveal centrally necrotic components in particularly aggressive lesions.
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FIGURE 7.5  (A) Lateral radiograph in a 25-year-old man with a grade 3 dedifferentiated parosteal osteosarcoma shows a large ossifying tumor centered on the posterior cortex of the proximal tibia, with a “stuck-on” type of appearance. (B) Sagittal T2-weighted, fat-suppressed MRI reveals extensive peritumoral edema, suggesting a higher-grade malignancy than typical low-grade parosteal osteosarcoma. (C) Gross resection specimen.





Juxtacortical Osteosarcoma

Juxtacortical osteosarcoma refers to OS originating from the surface of bone. It is primarily associated with the periosteum, with medullary canal involvement observed with higher grades and dedifferentiation. Juxtacortical OS is classified into three main subtypes—parosteal, periosteal, and high-grade surface OS. Parosteal OS is the most common type of juxtacortical OS, and the posterior aspect of the distal femur is the most commonly encountered site of disease.8 Anatomically, parosteal OS putatively originates from the outer fibrous layer of the periosteum and is usually low grade, appearing as a lobulated and exophytic mass with central dense ossification adjacent to the bone, in what has been described as a “stuck-on” appearance (Figure 7.5). At cross-sectional imaging, invasion into the medullary canal can be seen in both low-grade (41%) and high-grade (50%) lesions, but its prognostic implications are unclear.8 Dedifferentiation of low-grade parosteal OS to high-grade disease has been reported in approximately 25% of cases.9

Periosteal OS is the second most common type of juxtacortical OS, accounting for 1.5% of all OS cases.10 It typically affects patients in the second or third decade of life, with a characteristic location along the diaphyses of long bones, most commonly the tibia, and a general prognosis intermediate between parosteal and conventional osteosarcoma.11 Periosteal OS arises from the inner, germinative layer of periosteum, and common radiographic findings include a soft tissue mass with periosteal reaction, cortical erosion, and cortical thickening (Figure 7.6)

Differentiation of high-grade surface OS from periosteal OS may be difficult at imaging, as both can occur in diaphyses and cause periosteal reaction and bone destruction. However, high-grade surface OS often involves the entire circumference of the cortex and is more likely to show medullary invasion.12 Furthermore, the presence of a high histologic grade, identical to that of conventional OS, throughout the entire tumor is diagnostic of high-grade surface OS.

Telangiectatic Osteosarcoma

Telangiectatic OS accounts for <5% of all OS cases; it most frequently occurs in long bone metaphyses, particularly the femur. Characteristic radiographic appearances of telangiectatic OS include asymmetric aneurysmal bone expansion, geographic osteolysis, and an aggressive growth pattern with cortical destruction and minimal peripheral sclerosis.7 Common features at CT and MRI include soft tissue mass, osteoid matrix mineralization, fluid levels, and thick peripheral and nodular septal enhancement. Osteoid matrix mineralization is often subtle on radiographs and of limited extent because viable tumor cells make up only a small amount of the lesion compared with the volume of cystic spaces. At MRI, hemorrhage and fluid–fluid levels are frequently identified, although this is a nonspecific finding shared with aneurysmal bone cysts and giant cell tumors of bone. The presence of nodular septal thickening, osteoid matrix mineralization in a soft tissue mass, and an aggressive growth pattern can aid in distinguishing telangiectatic OS from aneurysmal bone cyst (Figure 7.7).
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FIGURE 7.6  Periosteal osteosarcoma in the femoral diaphysis of a 17-year-old female. (A) Note the lamellated periosteal reaction (red arrows) and faintly mineralized more superior component that erodes the underlying thickened cortex (yellow arrow). (B) Contrast-enhanced MRI shows the enhancing tumor growing along the surface of the femoral shaft, but sparing the intramedullary canal (asterisk).
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FIGURE 7.7  (A) Initial radiograph shows an expansile osteolytic lesion of the distal radius with internal septations, thought to represent an ABC. (B) Fourteen months after the initial radiograph, there is increased expansion and frank cortical destruction of the distal radius, aggressive periosteal reaction, and increased soft tissue swelling in this telangiectatic OS. (C) Axial fat-suppressed, proton density–weighted MRI through the lower lumbar spine reveals dependent layering of numerous fluid–fluid levels (arrows) in this recurrent vertebral body telangiectatic OS.

ABC, aneurysmal bone cyst; OS, osteosarcoma.





Chondrosarcoma

Chondrosarcoma is a malignant tumor that produces cartilage matrix. Primary chondrosarcoma constitutes 20% to 27% of all primary malignant osseous neoplasms. There are numerous types of primary chondrosarcomas, including conventional intramedullary, clear cell, juxtacortical, myxoid, mesenchymal, extraskeletal, and dedifferentiated. Early diagnosis and treatment of chondrosarcomas are paramount to achieving a better prognosis. Multiple imaging modalities have been used for the purpose of initial detection, characterization, and staging, as well as for the performance of image-guided biopsies.

The difficulties that clinicians, radiologists, and pathologists face in the differentiation of enchondroma from low-grade chondrosarcoma and the difficulty in uniform histologic grading of chondrosarcoma have been emphasized in two studies that evaluated the interobserver variability in the diagnosis and histologic grading of cartilaginous tumors. Both studies demonstrated low reliability in the distinction between enchondroma and low-grade chondrosarcoma 99and a low reliability in the histologic grading of chondrosarcoma among bone tumor pathologists.13–15 Furthermore, the Skeletal Lesions Interobserver Correlation among Expert Diagnosticians (SLICED) study group also demonstrated significant variation among radiologists in differentiating enchondroma from low-grade chondrosarcoma and a low reliability in the grading of chondrosarcoma based on radiography or CT, with slightly improved agreement among radiologists when MRI was used.14 As Roitman et al. observed, concordance with respect to histologic grade between initial needle biopsy and final resection specimen was only 67% for pelvic chondrosarcomas,16 further supporting a multidisciplinary team strategy that incorporates clinical, imaging, and histologic findings in the diagnosis and management of patients with these types of lesions.
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FIGURE 7.8  (A) Enchondroma in the distal femur displaying classic chondroid mineralization pattern of “rings and arcs,” recapitulating the lobular growth of this cartilage-forming tumor. (B) Chondrosarcoma in the proximal femur showing high-grade (more than two-thirds of the cortical depth) endosteal scalloping (arrow).





Imaging features directly reflect this pathologic appearance, and the various subtypes often show distinctive features. Radiographic findings often suggest the diagnosis of chondrosarcoma because of identification of typical “ring-and-arc” chondroid matrix mineralization (representing the enchondral ossification) and aggressive features of deep endosteal scalloping and soft tissue extension (Figure 7.8). These latter features are usually best assessed, as is lesion staging, with CT or MRI. Radiographs of central long bone chondrosarcoma (CS) typically show a region of mixed lysis and sclerosis, with the sclerotic areas representing classical rings and arcs of chondral matrix mineralization, which are seen in 60% to 78% of cases. The degree of calcification is variable, but higher-grade tumors tend to show less mineralization. Low-grade tumors classically demonstrate a geographic, lobular margin, while moth-eaten or permeative bone destruction is indicative of higher-grade lesions or possible dedifferentiation. Deep endosteal scalloping (more than two-thirds of the depth of the cortex) and cortical thickening are the morphologic features of central CS that aid to discriminate it from enchondroma.

PET–CT has been used to improve diagnostic accuracy of chondroid tumors; a recent systematic literature review of 166 total lesions confirmed that SUVmax was lower for benign compared to malignant tumors, with mean values of 1.6 versus 4.4, respectively.17 Moreover, SUVmax correlated with tumor grade, and SUVmax ≥4.4 was 99% specific for grade 2/3 chondrosarcoma. However, it remains to be established whether metabolic activity, as quantified by F-18 FDG PET, meaningfully correlates with the clinical outcome measures such as disease-free survival or overall survival.

Peripheral Chondrosarcomas

Peripheral chondrosarcomas may arise from the cartilaginous cap of a preexisting osteochondroma. Patients with multiple hereditary exostoses (MHE) are particularly prone to this complication, as already indicated. The risk of malignant transformation in a solitary osteochondroma is very low but has been estimated to be between 1% and 2%. The radiographic signs of malignant progression in an osteochondroma include increased growth after skeletal maturity, or irregularity and thickening of the cartilage cap or destruction of the stalk radiographically (Figure 7.9).

Juxtacortical Chondrosarcoma

Juxtacortical chondrosarcoma, which arises on the surface of bone, has also been referred to as periosteal and parosteal chondrosarcoma. Juxtacortical chondrosarcoma most frequently affects adults in the third to fourth decades of life and has a mild male predilection. Lesions are most frequently seen 100on the surface of long bones, particularly the posterior distal femoral metaphysis or diaphysis, but can arise anywhere. Typical chondroid matrix mineralization is usually present. In addition, metaplastic ossification is often apparent to a variable extent.
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FIGURE 7.9  Axial proton density–weighted, fat-suppressed image shows a large chondrosarcoma arising from a preexisting osteochondroma of the right iliac bone; note the corticomedullary continuity of the underlying osteochondroma (yellow arrows) with the iliac bone. The large tumor demonstrates a hyperintense lobular, cartilaginous matrix (red arrows) on this fluid-sensitive sequence.





Chondrosarcoma Variants

Clear Cell Chondrosarcoma

Clear cell chondrosarcoma is a rare variant of chondrosarcoma, which is characterized by tumor cells with an abundant clear or ground glass cytoplasm and sharply defined borders. It has overlapping clinical and radiographic features with chondroblastoma, and some have proposed that it may represent its malignant counterpart. Most patients are older than those affected by chondroblastoma. Radiographically, the lesion is usually entirely radiolucent, often sharply circumscribed, and may be complicated by pathologic fracture. Most cases involve the proximal femoral or humeral epiphysis, and the behavior is generally that of a low-grade malignancy, with some outstanding exceptions.

Dedifferentiated Chondrosarcoma

The term “dedifferentiated chondrosarcoma” refers to the phenomenon of conventional chondrosarcoma undergoing malignant transformation after acquiring additional genetic mutations. The dedifferentiated component may comprise a number of different tissue types, such as fibroblastic, spindle cell, or osteosarcoma lines of heterologous differentiation (Figure 7.10); it most commonly occurs as central chondrosarcoma but features of peripheral dedifferentiated chondrosarcomas have also been described.18 Usually, a discrete soft tissue mass apart from the underlying chondrosarcoma is radiologically evident, but an admixture of dedifferentiated components interspersed in a mosaic pattern with the preexisting lower-grade lesion has recently been recognized.19 Dedifferentiation is accompanied by a marked deterioration of the patient’s clinical course and a decidedly worse prognosis.

Chordoma

Chordoma is a rare primary bone sarcoma that is thought to arise from transformed residual notochordal cells. Thus, chordomas may occur anywhere in the spine, though there is a propensity for skull base (e.g., clivus) and sacral locations (see Figure 7.11). Their cell of origin also explains why they occur in the midline, in contrast to other primary bone tumors that may occur in these locations, such as giant cell tumor of bone or chondrosarcoma. Chordomas result in osteolysis and commonly have exophytic soft tissue components that show variable degrees of internal punctate calcifications.20 While biopsy is required for definitive diagnosis, recent attempts to use machine learning algorithms to distinguish chordomas from other diagnostic possibilities have seen early success.21 Surgery and adjuvant radiation therapy are advocated for achieving optimal survival outcomes.22
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FIGURE 7.10  (A) Coronal contrast-enhanced MRI highlights the difference between the lower-grade chondroid component (yellow arrow) and the dedifferentiated component (red arrow) that has lost the lobular chondroid architecture. (B) Gross specimen shows the lower-grade component with typical lobular chondroid matrix and higher-grade chondrosarcoma inferolaterally (note prior percutaneous needle biopsy tract).
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FIGURE 7.11  Sagittal CT shows a large midline eroding posteriorly through the sacrum at S3 to the coccyx, with large anterior exophytic soft tissue component (red arrows), and numerous coarse calcifications. The uterus is displaced anteriorly (yellow arrow) and contains an intrauterine contraceptive implant.





Ewing Sarcoma

Osseous Ewing sarcoma represents the second most common primary malignant tumor of bone in children and adolescents.10 There is a wide skeletal distribution for Ewing sarcoma, but the most commonly affected sites are the femur (21% of cases), ilium (12%–13%), tibia (8%–11%), humerus (10%), fibula (7%–9%), ribs (8%), and sacrum (6%). At radiography, osseous Ewing sarcoma reveals aggressive features; bone destruction with a moth-eaten to permeative pattern is seen in approximately 80% of lesions and a wide zone of transition (poor margination) is almost uniformly observed.23,24 Geographic bone destruction with a wide zone of transition may be seen in a minority of cases. Cortical destruction (19%–42%) with an associated soft tissue mass (56%–80%) is also common. Periosteal reaction 102is frequent (58%–84%) and almost always aggressive (94%), with either lamellated (onionskin) or spiculated (“sunburst” or “hair-on-end”) pattern.23,24 MRI of Ewing sarcoma of bone reveals marrow infiltration and cortical breakthrough, with an associated soft tissue mass in the majority of cases.25 The soft tissue mass is commonly circumferential, but asymmetric about the osseous involvement (Figure 7.12).
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FIGURE 7.12  (A) Ewing sarcoma in a 15-year-old female appears as a permeative lytic lesion (asterisk) in the proximal tibia, with periosteal reaction identified medially (arrow). (B) Coronal STIR MRI shows the extensive and confluent involvement of the proximal tibia, with extraosseous component laterally.

STIR, short-tau inversion recovery.





SOFT TISSUE TUMORS

Benign soft tissue masses vastly outnumber malignant soft tissue tumors, but the majority of benign soft tissue masses are probably not referred for imaging evaluation. The American College of Radiology (ACR) has proposed guidelines for appropriate diagnostic imaging tests for various clinical scenarios.26 Briefly, these guidelines suggest that radiographs should be the initial diagnostic modality for evaluation of soft tissue masses. Radiographs are easily obtained and may be diagnostic, for example, in the case of an osteochondroma presenting as a palpable mass, obviating the need for more advanced imaging. Important information regarding tumor mineralization and relationships to adjacent bones can also be obtained. But while it is a good initial step, radiographs are usually indeterminate, and further cross-sectional imaging is required. Generally, MRI is advocated26 because it allows excellent assessment of soft tissue composition, often being definitive for simple lipomas or other low-grade lipomatous neoplasms; reveals key anatomic relationships to adjacent tendons, bone, vessels, and nerves; and delivers a relatively operator-independent set of images of the abnormality.

Diagnostic Approach to Soft Tissue Tumors

Many lesions may be referred to an orthopedic oncology clinic, such as juxta-articular ganglia or cysts (e.g., paralabral cysts in the hip or shoulder, parameniscal cysts in the knee), muscle herniations, or even accessory muscles, which might simulate soft tissue neoplasms. Distinguishing benign hematoma from a hemorrhagic soft tissue sarcoma is always problematic, if not impossible, as clinical history is often unreliable in both situations—some patients with benign hematoma report no trauma and some patients with hemorrhagic sarcoma recall direct trauma. Because the imaging features of benign and malignant soft tissue tumors overlap to a great degree, many soft tissue masses have indeterminate imaging findings and require either biopsy or clinical follow-up depending on the clinical context.

Matrix

Lipomatous

Leaving aside the nonneoplastic diagnoses that may enter into clinical differential diagnosis (e.g., abscess, hematoma), we may focus on a few key aspects of indeterminate soft tissue tumors that suggest a tumor subtype or hint at tumor grade. First, one needs to try to determine the tumor matrix. Lipomatous tumors are the most common soft tissue neoplasms to come to radiologic attention and are readily identifiable when containing macroscopic fat (Figure 7.13). While histologically identical, 103the term “well-differentiated liposarcoma” (WDL) is reserved for those tumors occurring intra-abdominally or intrathoracically, where resection with negative surgical margins is difficult, if not impossible, to achieve and there is substantial risk of subsequent dedifferentiation. “Atypical lipomatous tumor” (ALT) is used for tumors in the extremities, where the term “sarcoma” is avoided, given their excellent prognosis and minimal risk of subsequent dedifferentiation and metastatic spread. The key to identifying low-grade lipomatous tumors from their high-grade counterparts is the amount of nonlipomatous tissue found within them. Simple lipomas manifest as solid tumors of similar signal to normal subcutaneous fat—in fact, these tumors may appear “clean” in that they often lack the thin septa that mark normal subcutaneous fat. The best sequences to evaluate tumor fat content are the non–fat-suppressed, T1-weighted images and the fat-suppressed, T2/PD (fluid-sensitive) sequences, which should confirm homogeneous signal matching that of normal subcutaneous fat across all pulse sequences.
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FIGURE 7.13  (A) Lateral radiograph of atypical lipomatous tumor in the thigh, partially encompassing the mid to distal femur, with coarse calcifications (yellow arrows in A and B). (B) Note the intratumoral macroscopic fat content (red arrow) which follows the same signal as subcutaneous fat.





The presence of thick (>2 mm) septations, areas of hyperintensity on the fluid-sensitive sequences, or small nodular areas of nonadipocytic soft tissue signal raises the possibility of WDL/ALT. However, it should be noted that many fatty tumors with these features suspected of being WDL/ALT turn out to be simple lipoma variants, because internal fat necrosis or inflammatory change results in T2 hyperintensity.27 Other lipoma variants, such as pleomorphic lipoma, may also show ill-defined internal T2 hyperintensity but have a demographic/anatomic propensity for the upper back, neck, and shoulders in older males. Myxoid and pleomorphic liposarcoma may present without identifiable macroscopic fat visible on MRI (Figure 7.14). Dedifferentiated liposarcoma, in contrast, typically arises in a background of WDL, although the well-differentiated component can be difficult to distinguish from nonneoplastic adipose tissue other than its ability to “push” organs such as kidney and intestine away from the normal location, particularly in the peritoneum and retroperitoneum. The dedifferentiated component manifests as a solid, nonlipomatous soft tissue mass distinct from adjacent fat.28
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FIGURE 7.14  (A) Axial T1-weighted and (B) proton density fat-suppressed MR images of dedifferentiated liposarcoma in the medial thigh. Note the relatively small amounts of macroscopic fat (yellow arrow in A, red arrow in B).
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FIGURE 7.15  (A) Axial fat-suppressed, T2-weighted, and (B) contrast-enhanced MR images reveal a homogeneous T2-hyperintense mass with heterogeneous low-level enhancement (arrows) in the left gluteus maximus muscle, subsequently confirmed by percutaneous biopsy to be a myxoma. The high water content in myxoid stroma results in striking T2 hyperintensity on fluid-sensitive sequences and variable enhancement after intravenous contrast agent is used. Note the smooth scalloping of the adjacent iliac cortex (arrowhead in A), a finding that suggests an indolent process, allowing the bone sufficient time to remodel around the tumor.





Myxoid

The high water content of the matrix of myxoid soft tissue tumors results in these tumors appearing T2 hyperintense and T1 hypointense on MRI and hypodense on CT. Contrast-enhanced scans show variable enhancement; hypoenhancing tumors reflect the abundance of myxoid stroma with little vascularity (Figure 7.15). Benign myxomas often occur within the muscle belly and show little peritumoral edema or adjacent soft tissue reactive changes. Because they are usually well marginated and homogeneously T2 hyperintense, they may be mistaken for cysts if no IV contrast agent is given (or no enhancement is seen). Histologic low-grade myxoid tumors, such as low-grade fibromyxoid sarcoma (Evan’s tumor; Figure 7.16), also show little central enhancement because of the nonenhancing myxoid stroma. Radiologically, these lesions often appear centrally necrotic, mimicking higher-grade sarcomas that are marked by central necrosis, with thicker enhancing rinds of tissue made up of more cellular tumor elements. Higher-grade myxoid sarcomas, such as myxofibrosarcoma, often grow in an infiltrative fashion, with T2-hyperintense tails radiating from the tumor margins.29 Radiologically, it is virtually impossible to distinguish whether these T2-hyperintense tails comprise infiltrating tumor or form part of a zone of reactive peritumoral edema,30 but it is common practice to consider these tails as containing tumor in known or suspected myxofibrosarcoma. Their identification is critical in determining the extent of local surgical resection, radiation therapy, and the corresponding need for soft tissue coverage.
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FIGURE 7.16  (A) Axial fat-suppressed, T2-weighted, and (B) contrast-enhanced MR images demonstrate a predominantly T2-hyperintense mass with heterogeneous peripheral enhancement (arrow) in the left posteromedial thigh, subsequently confirmed by percutaneous biopsy to be a low-grade fibromyxoid sarcoma (Evan’s tumor). Note the central T2 hyperintensity (asterisk) reflecting the tumor’s myxoid stroma.
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FIGURE 7.17  Axial T2-weighted MRI depicts a heterogeneous hyperintense mass in the right paraspinal muscles, with linear bands of hypointensity coursing through the mass. While not entirely specific, this finding is characteristic of desmoid-type fibromatosis.





Fibrous

Normal fibrous tissue in ligaments and tendons appears hyperdense on CT and uniformly hypointense on all standard MR pulse sequences. Similarly, the fibrous or collagenous hypocellular component of soft tissue tumors appears hypointense on MRI. Generally, the contrast between collagenous components and more cellular fibroblastic tumor components is best appreciated on fluid-sensitive and contrast-enhanced sequences. Desmoid-type fibromatosis exemplifies how imaging characteristics correlate with tumor composition and histology, as infiltrating tendrils of collagen deposited by the tumor extend into the adjacent soft tissues and muscle (Figure 7.17). It has been shown that maturing desmoids exhibit increases in T2 hypointensity,31,32 reflecting increased collagen deposition.

Necrosis or Hemorrhage

Spontaneous intratumoral coagulative necrosis is a marker of biologic aggressiveness, indicating rapid tumor growth that outstrips tumor blood supply and generally portends poorer clinical outcomes. For this reason, tumor necrosis is an element considered in the French Federation of Comprehensive Cancer Centers (Fédération Nationale des Centres de Lutte Contre le Cancer; FNCLCC) grading system and an important feature to evaluate when imaging soft tissue tumors. A fluid–fluid level is nearly pathognomonic for intratumoral hemorrhage and necrosis, the effect due to the gravity-dependent settling of denser blood components, appropriately termed a “hematocrit effect.” This phenomenon is modality independent and may be observed on ultrasound, CT, or MRI. The sharp linear interfaces of layering fluid evolve depending on the age of the hemorrhage. Heterogeneity in the T2 signal of a tumor is the basis for the “triple sign,” a nonspecific finding related to the presence of mixed T2 signal intensities (hypo-, iso-, and hyperintense components, all within the same tumor) of which hemorrhage is a component and which has been described as occurring with some frequency (though not exclusively) in synovial sarcoma. On contrast-enhanced imaging, differentiation between viable and necrotic tumors is readily accomplished by identifying enhancing tumor components (Figure 7.18). Fat-suppressed, T1-weighted sequences are the best to highlight areas of gadolinium enhancement; enhancement can be made even more conspicuous by postprocessing techniques such as digitally subtracting the precontrast from the postcontrast images. While this technique reduces the overall image signal, it can be particularly helpful when trying to ascertain whether lesions are truly enhancing or simply intrinsically bright on T1, as can happen in the presence of evolving blood products or proteinaceous debris.

Mineralization

The most common causes of soft tissue calcifications have a benign cause and are usually related to old trauma, tissue necrosis, or infection/inflammation. However, some patterns of calcification deserve 106special consideration because they are suggestive of, or they mimic, more sinister neoplastic causes. Heterotopic ossification is radiographically marked by the organizational and structural features of trabecular bone and peripheral cortex occurring in the soft tissues, most commonly following trauma. Peripheral mineralization, with an “eggshell”-like appearance, may mark early stages of heterotopic ossification, with denser trabecular bone forming over time. In contradistinction, extraskeletal osteosarcoma and extraskeletal chondrosarcoma may show varying degrees of calcification, but lacking the zonal organization of heterotopic ossification. Extraskeletal osteosarcoma typically shows denser and more mature bone centrally, with the most recent neoplastic bone formation located at the periphery and appearing less heavily mineralized. Extraskeletal chondrosarcoma may show coarse mineralization in rings and arcs, recapitulating the lobular growth pattern of the underlying chondroid matrix (Figure 7.19).
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FIGURE 7.18  Contrast-enhanced MRI shows a high-grade pleomorphic fibroblastic tumor with a thick rind of enhancing viable tumor (arrows) surrounding a necrotic tumor center (asterisk). It is important for surgeons and radiologists performing percutaneous needle biopsies to identify and adequately sample the solid, viable tumor components, which are at the tumor periphery rather than the core of necrotic sarcomas. Biopsy deep in the center of such masses would yield nondiagnostic material.
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FIGURE 7.19  (A) A calcified soft tissue mass of a 48-year-old woman in the dorsal aspect of the distal forearm. Note the coarse lobular calcifications on radiography, suggestive of an underlying chondroid tumor matrix. (B) The axial fat-suppressed, T2-weighted image shows that the lesion is heterogeneously T2 hyperintense with numerous curvilinear rings and arcs of hypointense signal (arrows) correlating with intratumoral calcification in this extraskeletal mesenchymal chondrosarcoma. Note the adjacent extensor tendons.





Among other soft tissue sarcoma subtypes, calcifications are most frequently seen in lipomatous neoplasms and synovial sarcoma. It should also be pointed out that, as a general rule, the presence of calcifications is not particularly helpful in determining whether a lipomatous tumor is benign, as simple lipomas and high-grade liposarcomas may both exhibit calcifications.

LOCAL STAGING

Historically, the depth of soft tissue tumor involvement was used in local staging because deeper tumors were associated with more aggressive behavior. However, the American Joint Committee on 107Cancer (AJCC) Cancer Staging Manual, Eighth Edition has de-emphasized tumor depth, and instead identified tumor maximum diameter as the dominant consideration in local stage: T0, no evidence of primary; T1, ≤5 cm; T2, >5 and ≤10 cm; T3, >10 and <15 cm; and T4 >15 cm.33 While they are eliminated from the AJCC staging guidelines, tumor depth and compartmental involvement are still critical features to fully characterize because of their surgical implications. A separate staging system for soft tissue sarcomas of the head and neck was also included in the most updated staging guidelines, importantly establishing primary tumor size cut-offs of 2 and 4 cm to better reflect the common tumor size range.34

Unlike in bone, the soft tissues surrounding a primary soft tissue mass may offer little insight into the aggressiveness of the neoplasm. High-grade soft tissue sarcomas may exhibit a well-delineated pseudocapsule; benign entities such as nodular fasciitis may be associated with an infiltrative pattern of perifascial soft tissue edema. Despite these exceptions, peritumoral edema and enhancement have been correlated with sarcoma grade.35

DISTANT STAGING

When metastatic, most sarcomas spread hematogenously to the lungs. High-resolution chest CT is the most sensitive imaging modality for identification of lung metastases, although PET–CT may be used in some centers because of its ability to detect metabolically active lesions elsewhere in the body. Chest radiographs may be a cost-effective alternative to serial CT chest scans with lower risk sarcomas,36 with the caveat that the threshold for reliable prospective detection of lung nodules radiographically is approximately 2 to 3 cm. The typical appearance of lung metastases is that of a solid, spherical nodule of soft tissue density. Uniquely, osteosarcoma metastases are frequently calcified; this can pose a diagnostic dilemma in adults who have a history of old granulomatous disease resulting in punctate calcified lung nodules. Given their organ of origin, gastrointestinal stromal tumors (GISTs) metastasize to the liver or implant in the peritoneum. Unlike in carcinomas of the lung and breast, sarcoma brain metastases are rare with the exception of alveolar soft parts sarcoma.

Several sarcoma subtypes have characteristic patterns of spread that deserve mention. A 2018 review of the National Cancer Database by Keung et al. revealed metastatic spread to lymph nodes in only 3.5% of soft tissue sarcoma at presentation; however, certain histologic types showed a higher likelihood of nodal involvement: angiosarcoma (6%), epithelioid (13%), clear cell sarcoma (16%), and small cell sarcoma (19%).37 Historically, rhabdomyosarcoma has been included in this list38; but it should be pointed out that owing to their much higher prevalence, liposarcoma, fibroblastic/myofibroblastic sarcoma, and leiomyosarcoma account for the greatest absolute number of nodal metastases. Nevertheless, when encountering a primary soft tissue sarcoma of a type more likely to spread lymphatically, lymphoscintigraphy, PET–CT imaging, and sentinel node biopsy can be considered in improving staging accuracy.

Metastatic spread to bones is generally rare for most sarcomas, but is a feature of osteosarcoma, Ewing sarcoma, and myxoid liposarcoma. In addition, myxoid liposarcoma frequently metastasizes to the soft tissues, as does alveolar soft part sarcoma. In fact, myxoid liposarcoma metastasizes to bone and soft tissue more frequently than lung.39 Knowing these metastatic patterns can guide appropriate staging imaging studies, for example, CT of chest, abdomen, and pelvis in patients with myxoid liposarcoma, or even whole spine MRI in myxoid liposarcoma (Figure 7.20).

RESPONSE ASSESSMENT

Radiologic imaging provides an important noninvasive means of assessing treatment efficacy. Objective response rate and progression-free survival derived from imaging studies are frequently employed as primary endpoints in clinical trials because, compared to survival endpoints, imaging endpoints may significantly shorten the necessary trial duration. It has become part of clinical trial design paradigm that imaging response metrics may serve as good surrogates for survival.

Response Evaluation Criteria in Solid Tumors

The most commonly used of the response criteria is Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1).40,41 The reader is referred to these sources for more comprehensive discussion of the criteria, but briefly, RECIST 1.1 defines four types of response: complete response (CR) or partial response (PR), stable disease (SD) and progressive disease (PD). Conditions for PD are met if (a) the 108sum of longest diameters of target lesions (up to five) exceeds nadir (not baseline) sum by 20% or (b) unequivocal progression is observed in nontarget lesions or (c) new lesions are present. PR is achieved if the sum of maximum diameters of the target lesion decreases by 30% from baseline. CR describes the disappearance of all target and nontarget lesions; but in our experience, it is rarely seen in sarcoma. SD essentially encompasses all other response scenarios. There are numerous rules and guidelines to adhere to in order to ensure uniform assessments are made between time points and between readers; for example, lymph nodes must be measured in “short axis,” must be ≥10 mm to be considered pathologic, and must be ≥15 mm to be a target lesion. Evidence has emerged that PD rendered by appearance of new lesions or unequivocal progression of nontarget lesions may portend worse prognosis than PD marked only by target lesion growth.42
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FIGURE 7.20  Myxoid liposarcoma with bone metastases. Coronal fat-suppressed, T2-weighted image of the pelvis shows numerous bone metastases (arrows) in the sacrum, bilateral iliac bones, and proximal femur.





RECIST Alternatives

Despite being a powerful instrument to assess radiologic response, RECIST suffers a number of drawbacks that stem from reliance on one-dimensional target lesion assessments. While this approach is straightforward, it fails to account for the imaging manifestations of true biologic activity, which can lead to underestimation of therapeutic efficacy or, worse, mischaracterizing the biologic response as PD. RECIST is particularly ill-suited to assessing bone tumors, and recent evidence has shown that three-dimensional measurements outperform one-dimensional measurements in predicting Ewing sarcoma response.43 Response of GIST to imatinib serves as the prototypical example of the failure of RECIST to capture treatment response among soft tissue sarcomas, in which biologic response may be manifested radiologically by an increase in tumor size, but a decrease in tumor enhancement (Figure 7.21). Such cases of “pseudoprogression” spurred the development of Choi criteria as a set of alternative response metrics,44 initially specific to GIST, but later on adopted in several studies for the longitudinal assessment of sarcomas.45,46 The Choi criteria use lesion density on contrast-enhanced CTs as a biomarker of tumor viability; decreases in tumor density over time are evidence of decreased tumor blood flow and correlate with decreases in FDG activity and increases in histologic necrosis.47

When quantifying changes in tumor enhancement by measuring HU, care must be taken to ensure comparisons are being made in similar contrast-enhancement phases (i.e., arterial, portal venous, or late venous). It should be pointed out that a similar phenomenon may be observed when using MRI instead of CT; however, decreased enhancement marking the tumor response is not as easily quantified. Because MRI signal intensity is relative, absolute region of interest (ROI) values cannot be directly compared between scans on conventional sequences. To overcome this limitation, one may use muscle as an internal reference tissue and essentially normalize the intensity of contrast enhancement by obtaining a ratio of tumor:muscle ROIs; this approach has been used to show that therapeutic response in soft tissue sarcomas manifests as decreased tumor enhancement,45 although clear thresholds have not been established as for GIST (Figure 7.22).
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FIGURE 7.21  (A) Axial contrast-enhanced CT of the abdomen demonstrates a conglomerate of three enhancing liver masses (arrows) in a patient with GIST. (B) After treatment with regorafenib, the masses enlarge, which could be mistaken for disease progression, particularly as smaller lesions become newly conspicuous. However, the masses show considerably less central enhancement than on the pretreatment scan, which is a characteristic of Choi response.

GIST, gastrointestinal stromal tumor.
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FIGURE 7.22  (A) Axial contrast-enhanced MRI of high-grade pleomorphic myofibrosarcoma at baseline. (B) After two cycles of neoadjuvant chemotherapy (doxorubicin/ifosfamide), the tumor demonstrated increasing heterogeneity of contrast enhancement and approximately 35% increase in maximum diameter; note that this would constitute RECIST 1.1 progressive disease. (C) After four cycles of neoadjuvant chemotherapy, the tumor regressed in both size and contrast enhancement, indicative of treatment response. The patient subsequently received neoadjuvant radiation therapy; the resected specimen demonstrated 98% histologic necrosis.

RECIST, Response Evaluation Criteria in Solid Tumors.





The advent of immunotherapy has also driven the development of response criteria that modify the basic RECIST framework. Immune-related response criteria (irRC), irRECIST, and iRECIST attempt to better account for the equivocacy of early morphologic changes in target lesions.48–50 As the antitumor immunogenic response develops, local intratumoral and peritumoral inflammation may cause mass-like areas of consolidation and peritumoral edema that are radiologically indistinguishable from true tumor growth. As a result, additional follow-up scans are required as a confirmatory evidence of PD.

Tumor-Specific Response Patterns

Some tumor types exhibit idiosyncratic response manifestations that reflect underlying changes in tumor biology. For example, giant cell tumor of bone may be treated with denosumab, a RANK-ligand inhibitor that blocks tumoral osteoclastic activity and eliminates ≥90% of tumor giant cells.51 This permits more net osteoblastic activity and increases bone deposition within the tumor. Treated giant cell tumor of bone may appear radiographically as an increasingly radiodense lesion with a more conspicuous sclerotic margin and slightly thickened bony trabeculae.52

In addition to reduction in size, desmoid-type fibromatosis may show increasing collagen deposition as the tumor biologic activity is attenuated. The extent of collagenization correlates with the degree of hypointensity on contrast-enhanced and fluid-sensitive sequences.31 Moreover, our clinical experience has shown that in some cases, desmoid tumors show size reduction in a minor axis of measurement, rather than the longest tumor diameter, which is used in RECIST. As medical therapy, particularly with targeted agents such as sorafenib,53 becomes more widely accepted as a first-line therapy for advanced 110or refractory tumors, these alternative morphologic features may be useful as more sensitive or earlier biomarkers for treatment efficacy.

In many clinical trials, response assessment is carried out locally by the investigator, rather than relying on central radiology review. In these circumstances, close collaboration with radiologists is advised to ensure optimal imaging protocols and consistent target lesion tracking and measurement techniques. The complexity of tracking multiple lesions over time across multiple scans led to the development of dedicated software to help serially track target and nontarget lesions. This greatly facilitates consistent identification of target lesions and conformity in application of response criteria.54,55 Such software also permits multiple response assessment criteria to be run in parallel, which is particularly important in sarcoma immunotherapy trials where RECIST 1.1, Choi, and irRC/irRECIST/iRECIST criteria all emphasize different relevant features of response.

SURVEILLANCE

The ACR provides recommendations regarding the follow-up of aggressive musculoskeletal tumors after completion of therapy.26 A few salient points are briefly reviewed here regarding this topic, while acknowledging that surveillance strategies may vary among institutions with sarcoma expertise.56,57

For the initial staging of metastatic disease to the lung, the ACR recommends noncontrast chest CT. Lung surveillance is recommended at intervals of every 3 to 4 months after surgery for the first 2 to 3 years after definitive treatment (for high-grade sarcomas), then every 6 months until year 5, and annually thereafter. This mirrors the recommendations made by Cipriano et al. based on recent data for development of lung metastases in bone sarcomas.58 PET–CT may also be used for this purpose, though it should be pointed out that the imaging resolution of the CT portion of the exam is usually inferior to dedicated chest CT. Staging for osseous metastatic disease from a musculoskeletal primary tumor is optimally carried out with PET–CT, although Tc-99m bone scan or whole body MRI may be used, the latter depending on institutional availability and interpretive expertise.

For local surveillance of treated bone tumors, both radiography and MRI are recommended. When significant metallic hardware has been used in reconstruction, metal artifact reduction techniques are mandatory; specifically requesting these techniques in the order can expedite appropriate protocoling. For soft tissue sarcomas, we advocate contrast-enhanced MRI for local surveillance, in accordance with the ACR guidelines. Because recurrence risk is highest in the first 2 years after definitive STS resection, at our institution, we perform surveillance exams every 3 to 4 months during this early surveillance period, which decreases to every 6 months over the subsequent 3 years and finally to annually in the late 5- to 10-year surveillance period (Figure 7.23). It should be noted that ultrasound may be an appropriate local surveillance modality, particularly if the primary STS was superficial or there is extensive hardware resulting in CT or MRI artifact obscuring the surgical bed. However, these advantages must be considered alongside personnel experience, given the highly operator-dependent nature of ultrasound examinations. The National Comprehensive Cancer Network (NCCN) guidelines for soft tissue sarcomas of the trunk and extremities call for postoperative baseline and periodic imaging of the primary site based on the estimated risk of locoregional recurrence.
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FIGURE 7.23  (A) Axial contrast-enhanced MRI of the surgical bed in the posterior thigh 9 months after resection of a myxoid liposarcoma shows a postoperative seroma (arrow) that had diminished in size since previous MRI (not shown). (B) Only 3 months later, a large recurrent tumor (arrow) was evident on the surveillance scan.





111SAFETY CONCERNS

As the use of CT has increased exponentially in the past two decades, advancements have been made in hardware (e.g., multirow detectors) and the algorithms used to reconstruct images to lower the dose of ionizing radiation without compromising diagnostic accuracy.59 This is particularly important in pediatric sarcoma patients who may be exposed to serial examinations resulting in substantial cumulative dose; however, when contending with a life-threatening diagnosis, the risk–benefit and cost–benefit analyses of accurate diagnostic imaging must be weighed against other imaging alternatives.

Iodinated contrast agents have, for many years, been withheld because of concerns over nephrotoxicity. However, recent evidence from large retrospective studies well designed to account for potential biases in patient illness severity have shown little impact on renal function60; data are also emerging that prophylactic IV hydration confers no benefit in reducing the risk of contrast-induced nephropathy.61 In a similar vein, gadolinium-based contrast agents have been associated with increased risk of nephrogenic systemic fibrosis in patients with or approaching renal failure. However, this association was strongest with older gadolinium contrast agents, and the number of confirmed cases of nephrogenic systemic fibrosis (NSF) with newer macrocyclic gadolinium-based agents is vanishingly small.62,63 We emphasize that when treatment decisions stand to be heavily based on accurate imaging, use of IV contrast material should usually be weighed favorably against largely historical or theoretical risks.

ADVANCEMENTS

Radiology is a rapidly advancing discipline, but two of the more interesting developments pertaining to sarcoma imaging concern improvements in MR scanning techniques to reduce metal artifact and in imaging analytics with the increasing prevalence of radiomics.

Metallic implants result in varying degrees of susceptibility artifact based on their size, composition, and orientation in the body. The metal induces heterogeneity in the magnetic field, causing mislocalization of signal and resultant image distortion. In general, techniques used to mitigate the artifact include imaging at lower magnetic field strength (1.5 vs. 3 T), increasing receiver bandwidth, and utilizing spin echo rather than gradient echo pulse sequences. Dedicated pulse sequences designed to minimize metal artifact, such as SEMAC (from Siemens), have further improved image quality when even large metal implants are present.64 These improvements will undoubtedly enable earlier detection of reconstruction complications such as metal-induced particle disease/osteolysis, infection, and tumor recurrence.

Radiology is currently at the forefront of the sea change in how disease will be diagnosed and monitored in a future increasingly driven by big data and analytics. Radiomics describes an approach to quantifying image texture65; these textural parameters can be correlated with outcomes of interest, such as histologic necrosis or survival. Recent data have shown that a radiomics analysis of soft tissue sarcomas can stratify lesions by grade,66 but more data regarding radiomics’ utility in predicting or serving as a biomarker for clinical endpoints in sarcoma are clearly needed.

SUMMARY

For bone tumors, a combination of radiographic and MRI findings often elucidates tumor subtype and biologic aggressiveness. Radiologic findings in soft tissue tumors are generally more indeterminate, though MRI can offer clues to the tumor matrix being lipomatous, myxoid, or collagenous. MRI permits accurate local staging, revealing compartmental and neurovascular involvement critical in operative planning. In the neoadjuvant setting, the degree of tumor enhancement with IV contrast agent is used as a surrogate marker for tumor viability, and changes in the nonenhancing necrotic tumor components are frequently more important than changes in tumor size in assessing therapeutic response. Awareness of particular patterns of metastatic spread (e.g., myxoid liposarcoma → soft tissues and bone) should influence staging and surveillance strategies.
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Leiomyosarcoma (LMS) is a relatively common type of soft tissue sarcoma, commonly with an aggressive clinical course. The two broad categories of LMS include uterine leiomyosarcoma (ULMS) and nonuterine leiomyosarcoma (NULMS), both of which are addressed in this chapter. Accurate diagnosis and pathologic review of LMS are critical, particularly given distinct outcomes based on histology, tumor size, and grade. Multidisciplinary evaluation by a team of pathologists, radiologists, medical oncologists, radiation oncologists, and surgical oncologists is paramount for optimal outcomes. Evaluation is particularly critical given the differences in treatment paradigms for ULMS and NULMS, with unique site-specific considerations for NULMS. Pretreatment consideration for possible LMS is also critical, particularly in patients with uterine leiomyomas, where morcellation procedures are highly discouraged, given possible tumor spillage.
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INTRODUCTION

Leiomyosarcoma (LMS) is a malignant mesenchymal tumor originating from the smooth muscle connective tissue. With a propensity for early hematogenous dissemination, LMS, in general, behaves aggressively, with studies showing higher risk for distant recurrence and poorer disease-specific survival than most other sarcoma subtypes. As in other sarcoma subtypes, histologic grade is a fundamental prognostic indicator, and reports show that up to 90% of LMS are moderate to high grade. This translates into survival differences, with a 5-year survival rate for LMS of 40%, which decreases to 10% to 15% for high-grade LMS. This aggressive behavior is paired with a relatively high frequency of LMS cases relative to other soft tissue sarcoma subtypes, with LMS accounting for approximately 10% of all soft tissue sarcomas. There has been a reported decrease in the overall incidence of LMS since 1970; however, this has been attributed most significantly to the reclassification of some previously classified gastric LMS as gastrointestinal stromal tumors with improved immunohistochemical characterization.

The two broad categories of LMS include uterine leiomyosarcoma (ULMS) and nonuterine leiomyosarcoma (NULMS), with some unique differences that are also incorporated into the current treatment paradigms. ULMS is associated with higher sensitivity to ifosfamide, greater metastatic potential, and lower median survival of approximately 4.2 years, compared with NULMS, which has a median survival of approximately 8 years.1 Though NULMS can occur in any part of the body with smooth muscle, a common site of origin is the wall of the inferior vena cava in the retroperitoneum. There are also unique molecular aberrations associated with ULMS and NULMS, some of which may influence sensitivity to treatment. Of the three LMS molecular subtypes confirmed by Guo et al. in 2015, types 1 and 2 are linked with extrauterine sites and type 3 is associated with ULMS.2 In addition to the differing molecular aberrations of ULMS and NULMS that are described in further detail in this chapter, LMS has frequent losses in chromosome 10q, which houses the PTEN gene. Loss of PTEN expression ultimately leads to constitutive Akt and mTOR (mammalian target of rapamycin) activation, which has been shown to be important in LMS pathology. Given their distinctive behaviors, ULMS and NULMS are described in greater detail under separate sections, and differences are highlighted when applicable all through the chapter.

WORKUP

Presenting symptoms for LMS are often nonspecific, typically caused by the primary tumor displacing normal structures, and hence unique to the location. Alternatively, they may present as a palpable mass, such as with an extremity primary or with subcutaneous metastases. Many times, these tumors are incidental discoveries, either on imaging or as a surprise finding on hysterectomy (ULMS). Certain presenting symptoms are unique to their tumor location, with half of ULMS patients with uterine-confined disease presenting with a solitary, large intramural mass that is often palpable. Other presenting symptoms for ULMS may include uterine bleeding, increased abdominal girth, and pelvic pain or pressure. This is in contrast to the LMS of the inferior vena cava, which is often associated with abdominal or flank pain, with other possible presenting symptoms including abdominal distention, Budd–Chiari syndrome, lower extremity edema, and even deep venous thrombosis.

Initial workup includes imaging approaches to visualize the primary tumor and possible sites of metastatic disease. With regard to primary tumor imaging, typical approaches involve use of MRI with and without contrast for extremity soft tissue tumors and CT with contrast for chest, abdominal, or pelvic masses. Chest and abdominal CT scan is required in the initial workup, given the frequent 118hematogenous spread seen in LMS, with liver and lung being the common sites of metastatic disease. Other sites of metastatic disease include subcutaneous sites, bone, central nervous system, and rarely, the gastrointestinal system. Morphologic imaging features associated with LMS depend on imaging modality and site of the primary tumor. On CT imaging, LMS is typically heterogeneous with central low attenuation that represents necrosis. Calcification is typically not observed in LMS. MRI shows signal characteristics including T1 isointense to muscle, T2 fat-suppressed predominantly hyperintense, and T2 non–fat-suppressed intermediate to hypointense to surrounding fat. MRI may also show cystic foci within the tumor. As with other soft tissue sarcomas, there are no pathognomonic findings for LMS on imaging, which is why the diagnostic approach for LMS involves pretreatment biopsy with appropriate pathologic review. LMS is typically reactive for smooth muscle actin, h-caldesmon, and desmin on immunohistochemistry; however, none of these markers are specific for smooth muscle differentiation. Pathologic review must also include histologic grading, which, as mentioned above, is an independent indicator of disease-specific survival as well as probability of metastatic disease.

TREATMENT OF LOCALIZED DISEASE

Nuances specific to the treatment of ULMS and NULMS are detailed in their respective sections; however, for both ULMS and NULMS, the cornerstone of treatment is complete surgical excision with wide negative margins, whenever possible. Large NULMS tumors in the retroperitoneum are associated with anatomic constraints that often make complete surgical resection challenging. R0 resection remains the most important prognostic factor associated with survival.

Use of neoadjuvant or adjuvant radiation and chemotherapy should be considered based on unique clinical characteristics similar to other soft tissue sarcomas. Given the high propensity for metastases with high-grade LMS and their relative sensitivity to chemotherapy, it is common clinical practice to consider neoadjuvant or adjuvant chemotherapy in large tumors >5 cm in size, similar to other soft tissue sarcomas.3 Neoadjuvant/adjuvant chemotherapy use in ULMS is even less standardized, and the approach varies among different centers and whether patients are managed by sarcoma oncologists versus gynecologic oncologists. This is discussed in further detail in the section “Uterine Leiomyosarcoma.” Preferred chemotherapy regimens for neoadjuvant or adjuvant treatment differ by LMS subtype with doxorubicin plus dacarbazine used in NULMS and either doxorubicin plus ifosfamide or gemcitabine plus docetaxel used in ULMS.

ULMS has no clear indication for adjuvant radiation, but can be discussed on a case-by-case basis if there is a concern for positive margin surgery or for a localized pelvic recurrence. Neoadjuvant radiation is given as a lower dose than adjuvant radiation, and thus is generally preferred to minimize toxicity to the bowel and other surrounding structures that occupy the resection cavity. For NULMS, radiation has been shown to improve local control with decreased local recurrence rates, but without a proven overall survival benefit. This specifically applies to the extremity and trunk location, where neoadjuvant/adjuvant radiation therapy is standard for intermediate to high-grade, ≥5 cm soft tissue sarcomas.4 There is a paucity of data regarding its use for primary retroperitoneal soft tissue sarcomas. Ultimately, preoperative or postoperative radiation is the standard of care for LMS patients with intermediate or high-grade, large tumors involving the limbs and trunk, whereas it is not standard for retroperitoneal NULMS or ULMS.

FOLLOW-UP AFTER DEFINITIVE TREATMENT

Following definitive treatment of initial localized disease, surveillance recommendations are similar to other soft tissue sarcomas with history and physical exams taken every 3 to 6 months for 2 to 3 years, which is then lengthened to every 6 months for the next 2 years and then annually. Surveillance imaging is incorporated into these visits to include the primary site and chest imaging. For retroperitoneal or pelvic tumors, imaging should include the entire abdomen and pelvis. The imaging schedule can be altered based on the estimated risk of locoregional recurrence.

TREATMENT OF METASTATIC DISEASE

As previously noted, LMS is a highly aggressive tumor with a propensity for early hematogenous dissemination. Common sites of metastases in both ULMS and NULMS are lung and liver. Liver is a 119common metastatic site for visceral primaries, whereas lung is the most common site of metastasis in patients with ULMS and NULMS with extremity primary tumors. In addition to this high risk for metastatic disease, LMS is associated with a high risk of relapse. Both relapsed and metastatic disease are associated with a high mortality rate. Treatment intent in metastatic LMS is palliative, with the goals of improving symptoms and quality of life, decreasing the tumor bulk, and improving survival.

Similar to other soft tissue sarcomas, first-line chemotherapy involves anthracycline-based regimens, but the most data are available for doxorubicin-based therapies. Combination chemotherapy with doxorubicin, using either doxorubicin plus ifosfamide or doxorubicin plus dacarbazine, has historically shown improved response rates, but not improved overall survival. Given this, these doxorubicin-based combination therapies are typically utilized when the response is critical, such as in symptomatic disease, potentially resectable disease, or when the tumor threatens the end organ function. The combination of doxorubicin plus olaratumab uniquely did not improve the response rate compared to single-agent doxorubicin, but did improve overall survival in a Phase 2 study. The Phase 3 results of the doxorubicin plus olaratumab combination did not confirm the findings of the Phase 2 study; thus, doxorubicin plus either ifosfamide or dacarbazine remains standard. Uniquely, ULMS has been associated with higher response to ifosfamide, whereas it has limited activity as a single agent in NULMS, suggesting that doxorubicin plus ifosfamide may be a more appropriate frontline regimen for ULMS as compared with NULMS. In NULMS, given the poorer response to ifosfamide, frontline chemotherapy with doxorubicin doublets is now typically doxorubicin plus dacarbazine.

Beyond the first-line treatment with anthracyclines, other active cytotoxic agents for metastatic LMS include gemcitabine with or without docetaxel, pazopanib, and trabectedin. If not given in the first-line setting, dacarbazine (or temozolamide) and ifosfamide (particular to ULMS) also has activity. Gemcitabine plus docetaxel has a higher activity in LMS (50% response rate) compared to most other soft tissue sarcoma subtypes, and hence is often used in the frontline setting for LMS.5 There has been conflicting evidence regarding the benefit of addition of docetaxel to single-agent gemcitabine, with one trial showing improved efficacy of the combination in the second-line treatment of LMS,5 but a second randomized trial specific to LMS patients showing no improvement in response rate, progression-free survival, and overall survival in patients treated with gemcitabine plus docetaxel as compared with gemcitabine alone.6 In healthy patients with a good performance status, the use of gemcitabine plus docetaxel is reasonable; however, gemcitabine single agent is a reasonable treatment strategy, particularly for those patients with poorer performance status or intolerance to the more toxic side effects associated with the gemcitabine plus docetaxel combination.

In further lines of therapy, the multikinase inhibitor pazopanib was approved for treatment of soft tissue sarcomas, including LMS, that have progressed after prior cytotoxic therapy, with improved progression-free survival but not overall survival found in the Phase 3 trial as compared with a control group. The cytotoxic agent trabectedin is also approved for LMS and liposarcomas and should be considered in later lines of therapy. As with other therapies, tumor shrinkage with trabectedin is often preceded by early tissue changes. This can lead to radiographic response in the form of decreasing density, as seen in Figure 8.1, which may not be captured if utilizing only Response Evaluation Criteria in Solid Tumors (RECIST) criteria for response assessments and is an important consideration when assessing individual patients as well as designing clinical trials. Beyond the aforementioned treatments, the Phase 2 REGOSARC trial showed improved progression-free survival with regorafenib in patients with nonadipocytic soft tissue sarcomas including LMS. Additionally, while only approved in liposarcoma, a randomized Phase 3 trial of eribulin versus dacarbazine showed some disease stabilization with eribulin in LMS, but not superior to dacarbazine, suggesting this as a treatment option in later lines of therapy for LMS patients.

Various options are under investigation for LMS, including a multitarget tyrosine kinase inhibitor anlotinib. In the Phase 2 clinical trial of anlotinib in soft tissue sarcoma patients, reported outcomes showed that almost 70% of LMS patients were progression free at 12 weeks with a median progression-free survival of 11.07 months in LMS patients. There is an ongoing randomized study of dacarbazine versus anlotinib in LMS to confirm this activity. Additionally, while not considered the standard of care, mTOR inhibitors can be considered in LMS patients, given the loss of PTEN expression in these tumors, leading to Akt and mTOR activation, which is thought to be instrumental in LMS. In a Phase 2 clinical trial in advanced bone and soft tissue sarcomas, ridaforolimus, a second-generation mTOR inhibitor, showed a median progression-free survival of 15.3 weeks and a higher clinical benefit rate in LMS than other cohorts (33.3%).

More recently, immunotherapy combinations have been evaluated, as they were felt to have potential in LMS, given the presence of PD-1 (programmed cell death 1 protein) expression on some tumors, high 120mutation rates, and high levels of T-cell–related gene expression. While these findings would suggest immunogenicity, the SARC028 trial notably showed no objective responses in patients with LMS treated with single-agent pembrolizumab. Additionally, an early Phase 2 trial of nivolimumab in patients with metastatic ULMS also failed to show a response. This suggests that immunotherapy combinations are likely necessary to overcome possible reasons for poor single-agent immunotherapy response, including immunosuppressive tumor-activated macrophages. To this end, Alliance A091401 did show responses in ULMS (n = 1) and NULMS (n = 1) in the group receiving the nivolumab plus ipilimumab combination. Additionally, molecular analysis has suggested that PTEN loss in LMS may lead to resistance to PD1 inhibitors, which may need to be addressed in future immunotherapy treatment paradigms for LMS patients.
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FIGURE 8.1  (A) Pretreatment imaging showing a pathologically confirmed leiomyosarcoma (peritoneal and liver metastases). (B) Imaging following just two cycles of doxorubicin and dacarbazine showed tumor response with increased cystic changes, highlighting that initial radiographic response can be in the form of decreasing density that may not always fulfill the RECIST response criteria.

RECIST, Response Evaluation Criteria in Solid Tumors.





Beyond the standard therapies and the clinical trials discussed, patients with reasonable performance status can be evaluated for other available clinical trials. Possible targets include surora kinase A inhibition with or without mTOR inhibition, ROR2, EGFR inhibition, LMP2, HCG/SF, and CD47 inhibition.

For certain patients with advanced disease, surgery, stereotactic radiation, or radiofrequency ablation or cryoablation should be considered in the following circumstances. Patients who develop oligometastatic disease, appearing >6 months after the primary resection, might benefit from surgery alone. In patients with limited lung-only metastases, pulmonary metastatectomy has been associated with improved survival outcomes.7 In addition, some patients who were initially unresectable, but have a significant response to chemotherapy and can have all visible tumor resected, should also be evaluated in a multidisciplinary setting.

121UTERINE LEIOMYOSARCOMA

ULMS is a high-risk malignancy of uterine smooth muscle. While accounting for only 1% of all uterine malignancies, ULMS accounts for approximately 40% of all uterine sarcomas (the remainder is made up of approximately 50% carcinosarcomas followed by 10% of adenosarcomas and endometrial stromal sarcomas). This leads to a quoted incidence of ULMS of 0.36 per 100,000 woman-years. Most commonly, ULMS is seen in women over the age of 40, with the incidence rapidly increasing after age 50. African American females have a twofold higher incidence of ULMS than white females. In addition to race, other risk factors felt possibly associated with increased ULMS risk include obesity, diabetes, and use of tamoxifen for >5 years, which have been reported to increase ULMS risk to 17 per 100,000 woman-years.

Multiple molecular alterations are associated with ULMS. Most ULMS cases show 13q chromosome loss, which contains the tumor suppressor gene Rb, while approximately 60% of ULMS cases show loss of 10q, which contains the tumor suppressor gene PTEN. Loss of 13q has been shown to be associated with an improved prognosis as compared with 10q loss, which is associated with recurrent and higher-grade tumors. Additionally, almost half of ULMS cases are associated with X-chromosome gains, notably with amplicons located near regions containing the androgen receptor. This has been hypothesized to contribute to ULMS resistance to hormone therapy, which highlights the importance of molecular aberrations that, in the future, might drive treatment decision-making.

ULMS typically occurs de novo; however, there have been reports of transformation from uterine leiomyomas, which are a commonly occurring smooth muscle hyperplasia documented in up to 80% of women. Transformation from uterine leiomyoma to ULMS is very rare (<0.1%).

As noted in the section “Workup,” ULMS requires appropriate pathologic diagnosis. This is particularly important as carcinosarcomas, otherwise known as malignant mixed müllerian tumors, are another type of uterine sarcoma that are currently treated according to epithelial uterine cancer paradigms, which are distinctly different from those used for ULMS. Given this, a pathologic review to ensure lack of an epithelial component through proper immunohistochemical analysis is critical. Of note, differentiating between uterine leiomyoma and ULMS is particularly difficult as benign uterine lesions can have high mitotic rate or atypical features. The term “smooth uterine muscle of uncertain malignant potential” (STUMP) is used for uterine smooth muscle tumors that cannot be unequivocally diagnosed as benign or malignant.

Notably, given lack of both clinical and radiologic criteria to differentiate leiomyomas from malignant uterine tumors, procedures such as morcellation that lead to possible tumor spillage are highly discouraged. Instead, standard treatment of uterine fibroids should be en bloc resection of the tumor and, if localized LMS is proved, then a total hysterectomy. The added benefit of bilateral salpingo-oophorectomy is not established, particularly in premenopausal patients, and should be determined on a case-by-case basis. Additionally, lymph node dissection has not demonstrated improved outcomes. Following surgical resection, there is no clear indication for adjuvant radiation, with a prospective randomized trial of adjuvant radiation failing to show improved relapse-free survival or overall survival. Although data are limited, adjuvant chemotherapy is considered at some centers, particularly for high-grade tumors >5 cm. This is, in part, due to the high risk of recurrent disease even in patients with disease limited to the uterus, where there is an estimated 50% to 70% risk for recurrence. A small randomized trial of adjuvant single-agent doxorubicin versus observation did not show a survival benefit to doxorubicin when given without ifosfamide or dacarbazine. This is contrasted by suggestion of improved 2-year progression-free survival with four cycles of adjuvant gemcitabine plus docetaxel or four cycles of adjuvant gemcitabine plus docetaxel followed by four cycles of doxorubicin, compared to historical progression-free survival rates. Notably, these are uncontrolled studies. GOG 277 was a planned randomized trial to answer the question of the role of adjuvant chemotherapy in early-stage ULMS; however, the study was closed owing to accrual futility. The authors did note that the observed survival data did not suggest improved outcomes for patients treated with adjuvant chemotherapy; however, statistical analysis was limited by the small sample size.

In metastatic ULMS, the combination of doxorubicin plus ifosfamide is an appropriate frontline consideration, given the higher response to ifosfamide in ULMS, particularly for patients with good performance status. Doxorubicin plus dacarbazine is also a consideration for first-line treatment. The GeDDiS trial evaluated single-agent doxorubicin versus gemcitabine plus docetaxel as the first-line treatment in metastatic soft tissue sarcomas and found no difference in response rate or progression-free survival in patients, including in subgroup analyses that specifically evaluated ULMS. As noted in the section “Treatment of Metastatic Disease,” other therapeutic options include trabectedin and pazopanib. 122Uniquely, for ULMS as compared with NULMS, there is activity of endocrine therapy agents in estrogen receptor/progesterone receptor–positive, low–intermediate-grade ULMS. Specifically, aromatase inhibitors have shown low overall response rates in LMS, but are a reasonable consideration in patients with low disease burden with an indolent pace of disease.

NONUTERINE LEIOMYOSARCOMA

As noted in the section “Introduction,” LMS accounts for approximately 10% of all soft tissue sarcomas. The most common anatomic location of NULMS is the retroperitoneum, and hence, NULMS constitutes a high percentage of soft tissue sarcomas arising in the retroperitoneum (10%–37%). NULMS is less commonly seen in the extremities and represents only approximately 10% to 15% of sarcomas seen in the extremities. When arising in an extremity, NULMS is most commonly seen in the thigh, often arising from veins. Indeed, LMS is the most common sarcoma arising from large blood vessels; however, LMS of the inferior vena cava is still a rare clinical entity, accounting for only 0.5% of all soft tissue sarcomas in adults. Finally, primary cutaneous and primary bone LMS is a well-documented entity that is, however, fairly infrequent. Uniquely, primary bone LMS, which accounts for <0.7% of all primary bone tumors, is typically treated with bone regimens rather than typical soft tissue sarcoma regimens utilized for other LMS tumors.

As mentioned in the section “Introduction,” improved immunohistochemical characterization has led to reclassification of some previously classified gastric LMS as gastrointestinal stromal tumors. True gastrointestinal LMS is rare, but this diagnosis is an important consideration, as gastrointestinal LMS has a less favorable outcome than gastrointestinal stromal tumors. Gastrointestinal LMS is predominantly found in the stomach, while leiomyomas occur most often in the esophagus, colon, and rectum. Location of gastrointestinal LMS correlates with outcomes, with colonic LMS representing aggressive tumors regardless of the tumor size and mitotic activity and rectal LMS typically presenting as smaller tumors with improved prognosis.

Common clinical presentation for retroperitoneal NULMS involves symptoms related to tumor impinging on the surrounding organs and structures. Given this, patients can present with back pain, increased abdominal girth, weight loss, fatigue, and fever or night sweats, which are all nonspecific symptoms that require diligent evaluation in order to lead to an appropriate diagnosis. Notably, given the retroperitoneum is an expansible site, retroperitoneal LMS can be very large at the time of diagnosis with a median size of 15 cm.

In addition to differences in prevalence, tumor location is an independent prognostic factor. LMS arising in the retroperitoneum is associated with poorer outcomes than that arising in the extremity. Cutaneous LMS has decreased risk of metastatic disease compared to other LMS tumors, with 0% to 10% risk of distant metastases and 30% to 50% risk of local recurrence. There are, however, poor prognostic features associated with cutaneous LMS, including tumor size of 5 cm or greater, acral location, high histologic grade, and fascia involvement.

Gender incidence differs based on NULMS tumor location, with most retroperitoneal and inferior vena cava LMS found in females, compared to a mild male predominance in soft tissue and cutaneous LMS. The overall incidence of LMS increases with age, and it is most commonly seen in patients in their 70s.

Unique genetic alterations seen in LMS include genomic imbalances in 88% of LMS patients and aberrant chromosome numbers and structures in 60% of patients, seen particularly in higher-grade tumors. Additionally, RASSF1A promoter hypermethylation is seen in 39% of LMS patients and has been associated with poorer prognosis of stage II and III LMS cases.

SUMMARY

LMS is a relatively common type of soft tissue sarcoma, commonly with an aggressive clinical course. Accurate diagnosis and pathologic review are critical, particularly given distinct outcomes based on histology, tumor size, and grade. Multidisciplinary evaluation at a dedicated sarcoma center, involving a team comprising pathologists, radiologists, medical oncologists, radiation oncologists, and surgical oncologists, is paramount for optimal outcomes. This is particularly critical, given the differences in treatment paradigms for ULMS and NULMS, with unique site-specific considerations for NULMS. Pretreatment consideration for possible LMS is critical, particularly in patients with uterine leiomyomas, where morcellation procedures are highly discouraged, given possible tumor spillage. In patients 123with metastatic LMS, active systemic agents include doxorubicin-based combinations as described in detail in the section “Treatment of Metastatic Disease,” gemcitabine ± docetaxel, dacarbazine, ifosfamide (specific to ULMS), trabectedin, and pazopanib.

 





CASE STUDY

This illustrative case is of a 67-year-old woman who presented in late 2012, approximately 2 months after undergoing resection of a 12.6-cm left retroperitoneal mass along with left nephrectomy and mobilization of splenic flexure. Surgical pathology revealed that the resected left kidney in the adjacent soft tissue was positive for LMS involving perinephric fat, with 10 mitotic figures/10 high-power fields, 20% necrosis, and tumor extending to the resection margins and, as per the French Federation of Comprehensive Cancer Centers (Fédération Nationale des Centres de Lutte Contre le Cancer; FNCLCC) guidelines, at least intermediate grade tumor. At the time of initial consultation, her imaging showed indeterminate pulmonary nodules; however, lung biopsy was negative for LMS. After discussion, she opted to receive six cycles of adjuvant doxorubicin (75 mg/m2) plus dacarbazine (750 mg/m2) with dexrazoxane. Following completion of adjuvant chemotherapy in early 2013, she was continued on surveillance for approximately 3 years until restaging studies showed an increasing pleural-based nodule in the right upper hemithorax, which was biopsy-proven to be metastatic LMS. While upfront surgical resection was considered, particularly given that she had been without evidence of disease for 3 years, she had a myocardial infarction just prior to this biopsy result. Given this, she went on to receive six cycles of gemcitabine (900 mg/m2) plus docetaxel (dose reduced to 60 mg/m2) and had stable disease. She ultimately underwent wedge resection of bilateral pulmonary nodules approximately 1 year after the initial evidence of metastatic disease. Following resection, she has been monitored, and on surveillance, she has been found to be without recurrent disease.

This case reflects several important considerations in the treatment of patients with LMS. Treatment of localized disease involved careful assessment of risk factors including grade, tumor size, location, and margin status, leading to the recommendation for adjuvant chemotherapy. If the patient had presented to the medical oncologist prior to surgery, neoadjuvant chemotherapy could have been considered. Routine surveillance detected pulmonary metastases, which highlights the need for follow-up imaging in order to detect recurrence/metastasis early. Feasibility for oligometastatectomy should be explored upfront, especially if there is a significant interval from initial treatment to the development of lung-only metastases that are slow growing. However, her medical comorbid conditions required delaying surgery. Multidisciplinary care helped achieve the optimal outcome for her recurrence, taking into consideration tumor and patient factors. Other alternatives to consider for oligometastatic disease include stereotactic radiation, radiofrequency ablation or cryoablation, or systemic therapy alone.
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Dedifferentiated Liposarcoma
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Dedifferentiated (DD) liposarcoma is a high-grade, adipocytic malignancy and can be considered a part of a spectrum of diseases that include its low-grade counterpart, well-differentiated (WD) liposarcoma. A patient’s tumor can be entirely WD, WD with focal area(s) of DD disease, or rarely, entirely DD without a WD component. The presence of dedifferentiation in a tumor changes the disease biology, making the tumor more aggressive and conferring metastatic potential. WD/DD disease is distinct from other subtypes of liposarcoma, such as myxoid round cell and pleomorphic. Surgery is the mainstay of treatment for patients with localized disease in WD/DD liposarcoma. This chapter focuses on DD liposarcoma within the context of WD/DD disease. It highlights the differences that arise with the presence of DD liposarcoma, especially how this may impact decision-making and management. The chapter concludes with additional pearls and pitfalls, along with a discussion of active issues for further investigation.
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INTRODUCTION

Dedifferentiated (DD) liposarcoma is a high-grade, adipocytic malignancy and can be considered a part of a spectrum of diseases that include its low-grade counterpart, well-differentiated (WD) liposarcoma. A patient’s tumor can be entirely WD, WD with focal area(s) of DD disease, or rarely, entirely DD without a WD component. The presence of dedifferentiation in a tumor changes the disease biology, making the tumor more aggressive and conferring metastatic potential. WD/DD disease is distinct from other subtypes of liposarcoma, such as myxoid round cell and pleomorphic, which will not be covered in this chapter.

WD/DD liposarcoma is almost exclusively a disease of adults without any gender or race predilection. There are no known risk factors or associated genetic syndromes. For patients with WD/DD liposarcoma, symptoms may vary by body location, but overall, they are frequently vague and nonspecific. Some patients may be completely asymptomatic, their tumors discovered only after imaging is done for another purpose.

On cross-sectional imaging (e.g., MRI or CT), WD/DD liposarcoma appears as a well-defined lipomatous mass with thickened internal fibrous septa. Dedifferentiation is suspected when focal nonlipomatous areas are seen, particularly if these areas have contrast enhancement or necrosis. Ultimately, the gold standard of diagnosis for WD/DD liposarcoma relies on histologic examination of the tissue (e.g., obtained from core-needle biopsy). The diagnosis can be confirmed with fluorescence in situ hybridization (FISH) for chromosomal amplification at 12q13–15, the pathognomonic genetic feature of WD/DD liposarcoma. This amplicon includes several key genes including MDM2 and CDK4. Recently, further genetic differences between WD and DD disease have begun to be elucidated.

WD/DD liposarcoma can occur anywhere in the body, including the extremities, trunk, head/neck, and commonly, the retroperitoneum, where in the latter case, tumors can reach very large size. Tumors with dedifferentiation are far more common in the retroperitoneum, whereas DD liposarcoma is rare elsewhere in the body.

Surgery is the mainstay of treatment for patients with localized disease in WD/DD liposarcoma. Complete resection is the goal but may be challenging, particularly for retroperitoneal tumors, given their large size and potential invasion of major visceral organs and critical structures. The role of radiation therapy to improve local control in WD/DD liposarcoma is controversial. If given, delivery is ideal in the neoadjuvant setting. The role of systemic therapy in localized disease is currently undefined, but may benefit some subsets of patients with high-risk disease. For each patient, the utility and sequence of therapy should be discussed in a multidisciplinary conference at a sarcoma referral center.

Recurrence is a significant risk in patients with WD/DD liposarcoma, especially those with retroperitoneal tumors and DD liposarcoma. Surveillance with serial cross-sectional imaging is important and should be personalized based on each patient’s risk and anticipated pattern of recurrence. When recurrence develops, although surgery is an option, the appropriate candidates must be carefully selected. Multimodality therapy is frequently used in these situations.

Overall, DD liposarcoma has an approximately 20% to 30% rate of distant metastasis. For patients with unresectable and distant metastatic disease, systemic therapy options include chemotherapy and targeted therapies. Several newer drugs including immunotherapy are under investigation.

This chapter will focus on DD liposarcoma within the context of WD/DD disease. We highlight the differences that arise with the presence of DD liposarcoma, especially how this may impact decision-making and management. We then conclude with additional pearls and pitfalls, along with a discussion of active issues for further investigation.

126ESTIMATED INCIDENCE PER YEAR, GENDER, AND RACE

WD/DD disease represents one subset of liposarcoma, which is itself just one of over 50 to 70 different histologic subtypes of soft tissue sarcoma that together constitute only 1% of all cancers in adults.1–3 WD/DD liposarcoma is clearly very rare, and to our knowledge, there are no estimates of incidence specific to this disease. WD/DD liposarcoma occurs almost exclusively in middle-aged and elderly adults; in fact, the disease is exceedingly rare in infants, children, and adolescents. There is no gender or race predilection. Furthermore, there are no known risk factors for development of WD/DD liposarcoma, either social or environmental. Although this is a malignancy of fat, there are no clear associations with obesity or high-fat diet. Second primary cancers have been reported in WD/DD liposarcoma4; however, there are currently no defined genetic syndromes that predispose to disease development. DD disease tends to occur more frequently at the initial disease presentation (90%), but can also be observed later at recurrence (10%) in previously entirely WD disease.

MOST COMMON PRESENTING SYMPTOMS

WD/DD liposarcoma can occur in any location of the body, and as a result, presenting symptoms may vary. Overall, for most patients, the symptoms are vague and nonspecific. In the retroperitoneum, patients may have abdominal fullness, back pain, early satiety, reflux, or constipation. Unless there is specific nerve impingement (e.g., femoral), pain is otherwise generally mild, chronic, and tolerated. Giant retroperitoneal tumors can impede venous return, causing lower extremity edema in some patients, but this may not occur if collaterals (e.g., in the abdominal wall) have formed. Bowel and biliary obstruction is quite rare for retroperitoneal tumors. In all body locations, a mass lesion may be felt on physical examination. Alternatively, some patients may be completely asymptomatic, with their tumors discovered only after imaging done for another purpose (e.g., kidney stones). Tumors with dedifferentiation can be more locally aggressive compared to entirely WD tumors, but there is no clear association between presence of DD disease and higher frequency of symptoms.

A small proportion of patients affected with WD/DD liposarcoma in the retroperitoneum and pelvis may present with systemic symptoms such as fever, elevated white blood cell count, hypoglycemia, or elevated transaminases. These symptoms may mandate expedited treatment (e.g., surgery), as patients may deteriorate very quickly.

DIAGNOSTIC APPROACH

Accurate diagnosis of WD/DD liposarcoma includes high-quality, contrast-enhanced cross-sectional imaging. In the extremity and trunk, this usually consists of MRI, whereas in the abdomen or retroperitoneum, CT is the most common imaging modality. WD liposarcoma is typically seen as a well-defined lipomatous mass with thickened internal fibrous septa.5 Presence of DD disease is suspected within a lipomatous tumor when there are focal, nonlipomatous (soft tissue density) areas. Suspicion is higher when these areas are well defined, have vascular contrast enhancement, or have central necrosis.6,7 Interestingly, DD tumors may also undergo osteogenic differentiation, which can be evident on imaging as focal intratumoral calcification. Overall, with characteristic features, cross-sectional imaging can almost be diagnostic, especially for tumors seen in the retroperitoneum. However, there are pitfalls, and expertise from a radiologist familiar with the disease is critical.

Cross-sectional imaging is also critical for surgical planning purposes. A high-quality imaging study is necessary to adequately plan the surgical approach and anticipate possible complications. Therefore, if the quality of initial studies is poor, repeating the studies for better quality is warranted. Moreover, for patients with suspected or confirmed DD disease, staging should be done with a contrast-enhanced CT of the chest, as the lungs are the most common site of metastatic disease. The role of PET remains to be determined. WD tumors do not have metabolic activity on PET scan. Some, but not all, DD tumors have metabolic activity, but whether this correlates with disease aggressiveness is currently under investigation.

Ultimately, to establish a diagnosis, the gold standard is histologic examination of the tumor tissue. In the preoperative setting, tissue is most commonly obtained through core-needle biopsy. Image (e.g., CT) guidance is recommended and the standard technique is coaxial (one pass of the sheath up to the periphery of the tumor, followed by multiple needle passes through the sheath and sampling of different tumor areas), for which the risk of tumor seeding is minimal.8,9 With core-needle biopsy, the diagnosis of 127WD/DD liposarcoma can typically be made; however, studies have shown relatively low accuracy for the specific diagnosis of DD disease.10,11 Incisional biopsy is not recommended for WD/DD liposarcoma because it may sample the wrong portion of tumor (without image guidance, e.g., for DD disease) and also disrupt the natural tissue planes, potentially making subsequent surgery more challenging.

Microscopically, WD liposarcoma is characterized by atypical-appearing adipocytes of varying sizes separated by fibrous stroma with the sparse presence of cells with hyperchromatic nuclei. In tumors with DD, an abrupt transition from WD liposarcoma (low grade) to a nonlipogenic (most often, high-grade) sarcoma is seen (Figure 9.1). The morphology of the DD component can frequently overlap with undifferentiated pleomorphic sarcoma or less frequently with high-grade myxofibrosarcoma. Historically, the original definition of dedifferentiation by Evans in 1979 included the abrupt WD transition and within the nonlipogenic component, five or more mitoses per 10 high-power fields (with fewer mitoses being called “cellular” WD disease).12 To date, Evans’ criteria for dedifferentiation are still used, but not universally adopted. It is also now well recognized that the WD to DD transition can actually be more gradual and, in some cases, low-grade and high-grade areas can even appear to be comingled.
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FIGURE 9.1  Microscopic appearance of liposarcoma with a dedifferentiated component. (A) Hematoxylin and eosin image. The abrupt transition to high-grade disease is clearly shown. (B) Immunohistochemistry demonstrating the expression of MDM2 (brown). Inset showing fluorescence in situ hybridization, positive for MDM2 amplification.

DD, dedifferentiated; WD, well differentiated.





“Low-grade dedifferentiation” has been used to describe the presence of fascicles of bland spindle cells with a cellularity somewhat intermediate between sclerosing WD liposarcoma and the typical high-grade areas. This, in part, overlaps with the “cellular” variants of WD liposarcoma described by 128Evans.13–15 Low-grade DD areas can feature variable morphologic features somewhat mimicking desmoid fibromatosis, solitary fibrous tumors, gastrointestinal stromal tumors, and even inflammatory myofibroblastic tumors.

Dedifferentiation can have additional fascinating morphologic features. Heterologous differentiation can be observed in about 5% to 10% of cases, most often myogenic but also osteo- and chondrogenic. This can even be lipogenic in nature (so-called “homologous” dedifferentiation), overlapping morphologically with pleomorphic liposarcoma.16 Another very peculiar morphologic presentation of DD disease is represented by the presence of whorls of spindle cells mimicking neural or meningothelial structures.17 Very rarely, an intense inflammatory infiltrate is observed to the extent that it may obscure the lipogenic nature of the neoplasm.

While dedifferentiation in itself is considered high grade, recent work has shown that application of the three-tier French (Fédération Nationale des Centres de Lutte Contre le Cancer; FNCLCC) grading system used for soft tissue sarcomas, in general, can be useful to further stratify DD disease in terms of prognosis.18 Furthermore, data support the association of myogenic differentiation (particularly, rhabdomyoblastic) with remarkably poorer prognosis.18,19

The hallmark molecular aberration and pathognomonic genetic feature of WD/DD liposarcoma is chromosomal amplification at 12q13–15. This amplicon includes several key genes including MDM2 and CDK4. In addition to the microscopic appearance on hematoxylin and eosin (H&E) stain, interpreted by an experienced sarcoma pathologist, demonstration of MDM2 gene amplification by FISH contributes greatly to increased diagnostic accuracy (Figure 9.1). Immunohistochemically, as a result of 12q amplification, DD disease overexpresses both MDM2 and CDK4 in both lipogenic and nonlipogenic components.20,21 The demonstration of MDM2 nuclear overexpression is of great diagnostic support (Figure 9.1). In our experience, MDM2 immunohistochemistry exhibits high concordance with FISH analysis of MDM2 gene status.

Co-amplification of c-JUN (mapping at 1p32) and of its activating kinase (mapping at 6q23) is also observed.22 In fact, it has been suggested that the activation of the c-JUN pathway may be involved in tumor progression from WD to DD liposarcoma; however, this is debated. Recent work has also identified a number of other genetic changes that may support WD to DD progression.23

GENERAL THERAPEUTIC APPROACH

WD/DD liposarcoma can occur anywhere in the body, including the extremities, trunk, head and neck, and retroperitoneum. In the latter case, tumors can reach very large sizes (average 20–30 cm), and in fact, retroperitoneal liposarcomas are likely the largest cancers in the human body. Importantly, tumors with presence of dedifferentiation are also more common in the retroperitoneum, whereas dedifferentiation is quite rare elsewhere in the body.

For WD/DD liposarcoma of any location in the body, surgery is the mainstay of treatment in patients with localized disease. Particularly in the retroperitoneum, where the tumors are larger and can abut or invade critical organs and structures (e.g., major vessels), expertise from a surgical oncologist with experience in this disease is critical.24 For retroperitoneal WD/DD liposarcoma, the goal of surgery is macroscopically complete resection with a single specimen encompassing the tumor and the involved contiguous organs, while attempting to minimize microscopically positive margins.25 In some cases, resection of adjacent organs or structures even without obvious involvement is necessary.26,27 Preservation of organs or structures should be made on a case-by-case basis, balancing disease biology and potential for local control versus potential morbidity and dysfunction. In general, tumors with dedifferentiation tend to be locally more invasive, and therefore, multiorgan resection (e.g., kidney, colon) may be anticipated in these cases compared to tumors that are WD only. Except in unique cases of palliative resection,28 there is no role for piecemeal or grossly incomplete (debulking) resection.

Importantly, resections for retroperitoneal WD/DD liposarcoma can be major operations and patients should be optimized medically (e.g., comorbid conditions) before surgery. Specifically, in many patients, moderate to severe malnutrition may be present. There is some evidence, in fact, that malnutrition is generally underestimated and these patients have more postoperative complications and longer hospitalization.29

Surgical expertise and clinical judgment is also important for WD/DD liposarcoma of the extremities, trunk, and head/neck area, where there are arguably less well defined guidelines. If wide margins can be obtained, this is ideal, similar to many other subtypes of soft tissue sarcoma. There is, however, evidence to support that marginal complete resection may be adequate for these tumors in these nonretroperitoneal locations, which are mostly WD.30–32

129For patients with WD/DD liposarcoma, even after complete resection, there remains the risk for recurrence. This risk varies, but is definitely higher for tumors in the retroperitoneum and those with dedifferentiation.33 As an example, the 5-year locoregional recurrence rates range from 20% to 30% for extremity and trunk (mostly WD) to up to 50% to 60% for retroperitoneum (WD/DD disease).30,34–36 Other clinicopathologic factors also impact the risk of locoregional recurrence, including age, tumor size up to a certain extent, and multifocality (more than one tumor), the latter of which can also occur in some patients at the initial disease presentation.37–39

In an attempt to optimize local control, radiation therapy may be of benefit; however, this is considered controversial in WD/DD liposarcoma. In the retroperitoneum, if radiation therapy is given, attempts should be made to minimize toxicity to the bowel. Delivery is, therefore, ideal in the neoadjuvant setting with the tumor in place to act as a natural “spacer,” displacing the bowel. In the context of the broader group of all retroperitoneal sarcomas, several retrospective studies have shown that, indeed, radiation therapy improves local control compared to surgery alone.40–43 Recently, a multi-institutional retrospective study specifically focused on retroperitoneal liposarcoma, finding that across all histologic subtypes (WD vs. DD liposarcoma) and grades within DD disease, radiation therapy significantly reduced local recurrence rates on univariate analysis; however, this benefit was lost in all subgroups after multivariate analysis.44 A recent prospective clinical trial (EORTC 62092-22092 or STRASS)45 did not seem to support the benefit of radiation therapy for retroperitoneal sarcomas in general; however, further subanalysis by histologic subtype is still pending.

Few data are available to define the benefit of radiation therapy for local control in the extremity and trunk. Without the constraints of adjacent viscera, delivery of radiation therapy may occur in the neoadjuvant or adjuvant setting, similar to other soft tissue sarcomas. One single-institution study showed that in extremity and truncal WD disease, there was significant reduction in 5-year local recurrence-free survival rate with the addition of adjuvant radiation therapy (98% vs. 80%); however, the authors highlighted potential disadvantages, including making subsequent surgery more challenging, and ultimately concluded that the decision should be personalized to each case.46 Given the rarity of DD disease in non-retroperitoneal sites, there have been no studies exploring the benefit of radiation therapy in this specific situation to date.

The role of systemic therapy (e.g., chemotherapy) in either the adjuvant or neoadjuvant setting for localized WD/DD liposarcoma is currently undefined. There is likely no benefit in patients with WD-only disease; however, there may be benefit of chemotherapy with doxorubicin plus ifosfamide (or dacarbazine if renal dysfunction) for patients with DD disease. Multi-institutional data for retroperitoneal sarcoma suggest that patients with FNCLCC grade 3 DD tumor have a distant metastatic rate of 33% at 5 years after complete resection, which is approximately threefold higher than that seen in patients with grade 2 DD disease.35 Given the complexity of retroperitoneal surgery and potential for complications, which can delay receipt of systemic therapy in the adjuvant setting, most sarcoma centers prefer to administer drug treatment in the neoadjuvant setting to these patients; however, this remains to be formally studied.

Overall, the utility and sequence of therapy for each patient with WD/DD liposarcoma should be discussed within a multidisciplinary conference at a sarcoma referral center. The vast majority of patients with primary, localized disease will have first-line surgery and this may be the only therapy needed. This is particularly true for patients with nonretroperitoneal (extremity, trunk, head/neck) tumors and those with WD disease only (no evidence of DD disease). Alternatively, in patients with retroperitoneal tumors and those with DD disease, as discussed, some may benefit from multimodality treatment including neoadjuvant radiation therapy and systemic therapy, either before or after surgery. Neoadjuvant therapy (radiation and/or chemotherapy) may facilitate resectability in borderline cases, especially if tumor shrinkage can be achieved; however, to date, no studies have quantitated this potential benefit.

RECOMMENDED FOLLOW-UP

Given the risk of recurrence, close surveillance is important in patients with WD/DD liposarcoma. Although consensus recommendations (National Comprehensive Cancer Network [NCCN], European Society of Medical Oncology [ESMO]) exist for surveillance in soft tissue sarcomas in general, there are no validated guidelines specific for WD/DD liposarcoma. For retroperitoneal tumors, along with history and physical examination, most sarcoma centers recommend initial contrast-enhanced CT of the abdomen and pelvis at 3 to 4 months after surgery to serve as a postoperative baseline. Repeat imaging should then be done every 4 to 6 months for at least 2 to 3 years and up to 5 years.47 For nonretroperitoneal 130body locations (extremity, trunk, head/neck), a similar schedule of interval imaging should be followed with contrast-enhanced MRI. For superficial tumors, ultimately, MRI may be replaced with ultrasound scans. In patients with DD disease, chest CT should be added. Surveillance should be modified based on personalized risk and the anticipated pattern of recurrence. Late recurrences can occur, particularly in DD liposarcoma.30,36 In support of this concept, in the multi-institutional retroperitoneal sarcoma studies, the curves for recurrence do not plateau even up to 8 years after resection.35

When recurrence develops (e.g., detected by surveillance imaging), decision-making and overall management can be complex and multimodality therapy is frequently used. Surgery is always an option and is ultimately performed in most patients. In fact, many patients with WD/DD liposarcoma, particularly retroperitoneal, will have multiple resections during their lifetime.48 An important consideration is that re-resection is often more challenging in comparison to surgery for primary disease owing to scar tissue and distorted tissue planes. Candidates for surgery must, therefore, be carefully selected. One study described a “1 cm per month” rule in which patients with at least this rate of tumor growth on imaging had poor outcomes and would be less likely to benefit from surgery.49 For patients who are asymptomatic, indeed, a period of observation may be warranted, not only to assess the rate of growth but also to better understand the disease biology, as in some cases, multifocal disease may soon be evident on subsequent imaging.37,50–52 Interestingly, there may also be a subset of patients (mostly with WD disease) who may remain stable over a prolonged period without any treatment.53

Currently, there are no laboratory tests that are useful to detect recurrence in WD/DD liposarcoma, although this is an area under investigation (e.g., serum biomarkers).54 Patients with retroperitoneal tumors who have had nephrectomy as part of their surgery should have residual kidney function checked and optimized as needed prior to contrast administration done for their imaging.

PROPENSITY TO METASTASIZE

DD liposarcoma has a low/intermediate propensity to metastasize. The overall frequency is approximately 20% to 30%, and the common site of distant metastasis is the lungs. As discussed, however, there are likely subsets within DD liposarcoma (e.g., FNCLCC grade 3 or rhabdomyoblastic differentiation) with a higher metastatic propensity, and in some patients, extrapulmonary sites of distant disease (e.g., liver, bone) may also be seen. In contrast, entirely WD tumors do not metastasize. WD/DD liposarcoma never metastasizes to the locoregional lymph nodes.

THERAPEUTIC APPROACH FOR METASTATIC DISEASE

Treatment options for patients with unresectable and metastatic disease are limited. In soft tissue sarcoma in general, frontline treatment for unresectable/metastatic disease is usually systemic therapy with doxorubicin, alone or in combination with ifosfamide, with a reported objective response rate (ORR) in the range of 20% to 40%.55 The combination of doxorubicin and ifosfamide is superior to doxorubicin alone in terms of progression-free survival (PFS) and results in a doubling of ORR (26% vs. 14%), but with a trend toward an overall survival (OS) benefit.56 Therefore, this combination regimen is often used, for example, in symptomatic patients who need tumor shrinkage or in an attempt to facilitate resectability. In contrast, a single-agent regimen can be used in a patient with multiorgan metastasis and poor performance status, with the goal of fewer chemotherapy-related side effects.

In WD/DD liposarcoma specifically, the ORR reported for anthracycline-based chemotherapy is lower, and therefore, traditionally, this is considered to be a poorly chemosensitive subtype of soft tissue sarcoma.57 As an example, in a retrospective multicenter analysis, the ORR was 12%.58 More recent single-institution data for WD/DD liposarcoma, however, suggests that the ORR may be higher (up to 21%), especially with combination chemotherapy regimens.59 It is important to note that treatment is usually given for DD tumors; there are currently no systemic therapies with demonstrated efficacy in WD-only tumors.

At this point, for WD/DD liposarcoma, the first-line treatment remains doxorubicin with or without ifosfamide. In second-line systemic therapy, gemcitabine and docetaxel (Taxotere) are often used.59 Approved drugs for second, third, and further lines of treatment include trabectedin, high-dose (single agent 14 g/m2) ifosfamide, and eribulin. After the first-line treatment, the best further line treatment is not established, and of course, performance status and patient preference are included in the decision-making process.

Trabectedin represents a valid second-line treatment for WD/DD liposarcoma, although the ORR of this drug does not exceed 10%.60 Interestingly, there are reports of greater activity of trabectedin in a 131subset of “low-grade” DD liposarcoma. One advantage of this drug is that it is well tolerated without cumulative toxicity. In fact, it has been reported that several patients have been treated for >1 year with trabectedin.60

Continuous infusion, high-dose ifosfamide (ciHDIFX) is another treatment option. In a retrospective series of advanced WD/DD liposarcoma patients treated with ciHDIFX, the ORR was 26% with an additional 50% of patients achieving disease stabilization.61 All partial responses in this series occurred in patients with a “high-grade” DD component. Compared with the classic schedule, high-dose (12–14 g/m2) ifosfamide is given via a portable external device over 14 days with good tolerability. At these dose levels, ifosfamide can be active in patients already exposed to standard dose in combination with doxorubicin.62–64

Eribulin was recently approved by the U.S. Food and Drug Administration and the European Medicines Agency as a third-line treatment in liposarcoma. This was based on results from a randomized Phase 3 study comparing eribulin to dacarbazine in advanced liposarcoma and leiomyosarcoma.65 Although there was no difference in median PFS between the two groups (2.6 vs. 2.6 months, p = .23), eribulin demonstrated a statistically significant improvement in OS (13.5 vs. 11.5 months, p = .0169). Tumor responses, however, were limited to just two patients. Subgroup analyses suggested that liposarcoma patients benefited the most, with the median OS being 15.6 versus 8.4 months in those who received eribulin versus dacarbazine. Importantly, this benefit was observed irrespective of the liposarcoma subtype (e.g., 18.0 vs. 8.1 months, hazard ratio [HR]: 0.43 in DD liposarcoma).66

As discussed in the section “Diagnostic Approach,” WD/DD liposarcoma has a distinct genetic signature characterized by amplification of several notable genes including MDM2 and CDK4. Recently, several targeted therapies directed at MDM2 or CDK4 have been developed. In the clinical studies conducted so far,67,68 however, activity has been limited. Disease stabilization is noted in some patients (in some cases, it is prolonged), but tumor response (ORR) is rarely seen.

Among the newer drugs, another targeted therapy under investigation in DD liposarcoma is selinexor, an inhibitor of exportin 1 (XPO1), which is involved in the movement of cargo proteins from the nucleus to the cytoplasm. These proteins include the tumor suppressor proteins, which can be inactivated through nuclear exclusion in the presence of XPO1 overactivity. After promising Phase 1b study results showing improved PFS,69 a randomized double-blind study versus placebo is now ongoing in the United States and Europe (NCT0260646).

Immune checkpoint inhibitors are not yet the standard treatment in soft tissue sarcoma in general, but several trials are currently ongoing. Specific to DD liposarcoma, the SARC028 trial showed that two of 10 patients treated with pembrolizumab (anti-PD1) showed a partial response (ORR 20%) with a median follow-up period (across all soft tissue sarcoma patients) of 14.5 months.70 Additional expansion cohort studies for DD and undifferentiated pleomorphic sarcoma (another histologic subtype with tumor response) are ongoing.

SUMMARY

DD liposarcoma can be considered a part of a spectrum of diseases that include WD liposarcoma and, in fact, the two counterparts are often found within the same tumor. Compared to a tumor that is entirely WD, the presence of dedifferentiation changes the disease biology, making it clinically more aggressive and conferring metastatic potential. WD/DD liposarcoma can occur anywhere in the body, but DD disease is more common in the retroperitoneum, where tumors are also larger and surgery is more challenging. As a result, DD disease should be viewed from a different perspective on many levels in comparison to WD-only disease. Several active issues remain.

From a disease biology standpoint, the basis for development of dedifferentiation is currently elusive. Is DD disease truly clonally derived from WD disease and what leads to this transformation? Is this transformation intrinsic to the tumor cell or perhaps related to the microenvironment? For the latter, work has been done describing a unique intratumoral immune response in WD/DD liposarcoma, which has set forth hypotheses to be tested.71–73 Another unresolved issue is the importance of DD content within a tumor: Are there clinical differences between a microscopic versus macroscopic focus and how do we manage an entirely DD tumor (no evidence of WD disease)? Ultimately, understanding DD development is disease-defining and has significant clinical implications.

Given the importance of recognizing dedifferentiation and the impact on subsequent decision-making and management, the pretreatment diagnosis of DD disease needs to be optimized. As discussed in the section “Diagnostic Approach,” the accuracy of core-needle biopsy for diagnosis of DD disease 132is relatively low, even with standard image guidance.10 The utility of PET to discern DD disease and specifically identify high-risk disease is being studied. Evaluation of other imaging modalities (e.g., radiomics) is warranted, and in the future, perhaps a serum biomarker will be found that marks the presence of DD disease (vs. WD-only disease).

Greater clarity is also needed with the pathologic diagnosis of DD disease. First, the criteria for diagnosis (FNCLCC vs. Evans) should be unified. This would facilitate research studies and broaden the applicability of study findings to more patients. Second, clearly within DD disease, there is also a spectrum of disease aggressiveness. Although data exist that rhabdomyoblastic differentiation and FNCLCC grade 3 disease are associated with a higher metastatic potential,19,35 are there other subsets of DD disease with clinical significance that remain to be identified?

With regard to treatment for localized disease, as discussed in the section “General Therapeutic Approach,” the true benefit of nonsurgical treatments (radiation and systemic therapy) deserves further study. For radiation therapy, ongoing subgroup analysis of the completed, prospective STRASS trial may hopefully define the subset of patients for whom treatment improves local control. For systemic therapy, the potential for durable locoregional and distant disease remains to be determined. Similar to radiation therapy, the benefit of systemic therapy over surgery alone in patients with localized disease may only be limited to a subset of patients.

For patients with unresectable and metastatic disease, while there are, indeed, several systemic therapy options available, the challenge remains in identifying the appropriate option for the goal of treatment (e.g., rapid tumor shrinkage vs. prolonged disease stabilization), while balancing toxicity. Disease-specific combination therapies with potential synergistic effect in WD/DD liposarcoma should also be explored. After systemic treatment, do select patients benefit from resection, perhaps even metastasectomy, for limited sites of disease?

It is hopeful that all of these active issues with WD/DD liposarcoma—from disease biology to clinical—can be addressed through further investigation, ideally through collaborative research among sarcoma centers.

 





CASE STUDY

A 42-year-old Hispanic woman presented with a recent history of right-sided abdominal pain and fullness. She also reported decreased appetite and shortness of breath with just walking. On physical examination, an ill-defined palpable mass was detected in the right abdomen. She did not have any lower extremity edema.

Contrast-enhanced CT of the abdomen and pelvis demonstrated a large right retroperitoneal mass extending from under the liver to the pelvic inlet, displacing the right kidney anteriorly and medially and abutting much of the inferior vena cava (Figure 9.2). The mass itself had both lipomatous and nonlipomatous components, and given the body location, it was suspicious for liposarcoma. CT-guided biopsy was performed by interventional radiology using coaxial technique with an 18-gauge core needle. The final pathologic finding was consistent with DD liposarcoma, FNCLCC grade 3. The diagnosis was confirmed with molecular testing that showed amplification of CDK4 and MDM2. Staging was done, including both chest CT and whole-body PET scan, which did not show any gross evidence of distant metastatic disease. The tumor itself had FDG (fluorodeoxyglucose) avidity (Figure 9.2) with a maximum SUV (standardized uptake value) of 11.3.

The patient was discussed at a multidisciplinary sarcoma tumor board. Given the high risk of distant metastatic disease and the potential complexity of resection (including possible caval involvement), the decision was made to give neoadjuvant systemic combination chemotherapy that consisted of doxorubicin plus ifosfamide. After therapy, repeat CT was performed, and there was again no gross evidence to suggest distant metastatic disease. The tumor itself showed slight partial response, but likely not enough to change the proposed extent of resection.

At surgery, tumor resection was performed with en bloc right nephrectomy and colectomy (Figure 9.2). As anticipated based on preoperative imaging, the tumor completely encased the right kidney and the mesocolon was involved. Posteriorly, the tumor was compressing the inferior vena cava and right common iliac vein, but the tissue planes were preserved and vascular resection was not necessary. The patient recovered uneventfully and the overall postoperative 133course was routine. The final pathologic finding for the resection specimen was consistent with the preoperative biopsy (DD tumor) and had evidence of treatment effect with areas of up to 90% tumor necrosis.



[image: ]

FIGURE 9.2  Case example of retroperitoneal DD liposarcoma. (A) Coronal CT image showing large tumor with fatty (well-differentiated, WD) and nonfatty (dedifferentiated, DD) components, abutting the inferior vena cava. (B) PET image demonstrating focal areas of high FDG avidity in this patient’s tumor. (C) Axial CT image showing the large tumor displacing the right kidney. (D) Gross appearance of the resected tumor with en bloc colon and right kidney (within tumor).

DD, dedifferentiated; FDG, fluorodeoxyglucose; WD, well differentiated.





Further adjuvant systemic therapy was given with the same regimen. Baseline postoperative CT showed no evidence to suggest residual disease, and the patient has since been under surveillance with scheduled CT of the chest, abdomen, and pelvis, and clinic visits every 4 to 6 months for 2 to 3 years up to 5 years.
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Gastrointestinal Stromal Tumor



César Serrano and Suzanne George


Gastrointestinal stromal tumors (GISTs) span a wide clinical spectrum that ranges from lesions with essentially no metastatic potential to malignant and life-threatening metastatic tumors. The molecular understanding of the biologic underpinnings of GIST has led and is currently leading to the rational development of therapeutic approaches successfully implemented into the clinic. This chapter reviews clinical presentation, diagnostic approaches, and recommended imaging procedures for GIST, as well as general therapeutic approaches for both primary tumor and metastatic disease. GIST patients should be consulted and/or referred to sarcoma expert centers for disease management and treatment. Patient tolerance of imatinib treatment facilitates its use in the community. However, there are several nuances and steps during the clinical course of the disease that need to be addressed by multidisciplinary teams. Although the majority of GISTs are manageable, prevention and timely dose/schedule adaptation are essential to avoid unnecessary definitive treatment withdrawals from potential effective treatments. Surgery for metastatic disease potentially benefits a subset of GIST patients, and these opportunities should be evaluated in multidisciplinary sarcoma centers.
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INTRODUCTION

It was not until 1998 that gastrointestinal stromal tumors (GISTs) could be established as a distinctive tumor of mesenchymal origin due to the seminal discovery of the biologic and disease-defining role of KIT receptor tyrosine kinase (RTK) in this disease. Since then, GIST has emerged as a paradigm for clinically effective targeted inhibition of oncogenic driver mutations and a successful model to validate the preclinical concepts for drug response and drug resistance.

GIST is currently regarded as the most common malignant gastrointestinal (GI) mesenchymal neoplasm, and it is thought to arise from the interstitial cells of Cajal (ICC). GIST spans a wide clinical spectrum that ranges from lesions with essentially no metastatic potential to malignant and life-threatening metastatic tumors. Activating mutations of KIT and PDGFRA RTKs are early, and possibly initiating, oncogenic events in most GISTs, and they continue to be the crucial drivers of tumor development and maintenance once GISTs have undergone malignant transformation. Throughout, the acquisition of novel genomic events is critical for tumor progression, mainly boosting cell cycle dysregulation and metastases formation.

Over the past two decades, we have witnessed a spectacular increase in the overall survival (OS) of patients with this formerly untreatable disease. This is due to the exquisite addiction to oncogenic KIT/PDGFRA, which explains the profound effect of small-molecule KIT inhibitors on GIST cell viability and growth, both preclinically and clinically. However, even in patients with near-complete initial response to imatinib, there are invariably viable residual GIST cells, including imatinib-resistant subclones which harbor KIT secondary mutations, and subsequently manifest as clinical progression, typically in a median time of 20 to 24 months.

Secondary mutations in KIT constitute the main mechanism of failure to imatinib in 70% to 90% of GIST patients. These imatinib-resistant secondary mutations cluster in two hotspot regions of the KIT kinase domain: the adenosine triphosphate (ATP)-binding pocket (exons 13 and14) and the activation loop (exons 17 and 18). Treatment strategies after imatinib failure exploit this KIT dependence, and sunitinib and regorafenib, two tyrosine kinase inhibitors (TKIs) with broad KIT inhibitory activity, are approved, respectively, in the second and third line. However, the structural heterogeneity of different KIT-resistant oncoproteins complicates the design of drugs that could effectively bind to and specifically inhibit all mutants. Thus, KIT secondary subclones cannot be completely suppressed by any given currently approved KIT inhibitor, ultimately leading to clinical progression after a median of 4 to 6 months regardless of the TKI used post-imatinib. Therefore, imatinib-resistant disease is not only an unmet clinical need, but also a highly active and evolving area of preclinical and clinical research that will likely continue to shape the field both in the short and long term (Figure 10.1).

INCIDENCE AND DEMOGRAPHICS

GIST is the most common mesenchymal malignant neoplasm arising in the GI tract, although its estimated incidence is only 1% of all GI tumors. Epidemiologic studies estimate an annual incidence of GIST in the United States of approximately 4,000 to 6,000 new cases, which represents seven to 20 cases per million per year.

Recent European population-based, histologically confirmed studies establish the incidence rate of GIST between 1.2 and 1.5 cases per 100,000 per year. Notably, these studies also determined for the first time that GIST is the most frequent histological sarcoma subtype.
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FIGURE 10.1  Work flow depicting clinical, diagnosis, and treatment management of GIST patients.

AFIP, Armed Forces Institute of Pathology; GIST, gastrointestinal stromal tumor; H&E, hematoxylin and eosin; IHQ, immunohistochemistry; NIH, National Institutes of Health.





GIST occurs predominantly in middle-aged and older individuals, with a peak of incidence in the seventh decade of life. GISTs are equally distributed across all geographic and racial groups, also without gender predilection. An exception to this is succinate dehydrogenase (SDH)-deficient GIST. SDH-deficient GISTs are an uncommon subgroup (see section “KIT/PDGFRA Wild-Type GIST”), demographically characterized by disease present in patients younger than 40 years—particularly in the second decade—and with female predominance.

CLINICAL PRESENTATION

As with many mesenchymal neoplasms, there are no specific confirmatory signs or symptoms of GIST diagnosis, and clinical manifestations depend on the tumor size, location of the primary tumor, and presence of metastatic disease. Thus, GISTs are asymptomatic or paucisymptomatic at an early stage of disease and patients may appear completely healthy on physical exam. A constellation of symptoms emerge as the tumor develops, usually associated with the GI portion of origin and involvement of adjacent structures.

GISTs may originate throughout the GI tract from the esophagus to the anus, and overt or occult GI bleeding at any point, together with the subsequent anemic syndrome, are the most common manifestations in up to two-thirds of patients. Abdominal mass, abdominal pain, and intestinal obstruction are present in 10% to 40% of the patients. Other symptoms are rather unspecific and may include hyporexia, postprandial fullness or early satiety, bloating, nausea, vomiting, dysphagia, constipation, weight loss, and fatigue. Constitutional symptoms are uncommon at early stages, even in patients with high tumor burden.

DIAGNOSTIC APPROACH: BIOPSY AND PATHOLOGIC EVALUATION

Tumor Biopsy

Imaging results and radiologic findings are commonly highly suggestive of GIST diagnosis, and therefore, the final decision to undertake an image-guided tumor biopsy should be discussed within a multidisciplinary team and based on the confidence of workup results. Tumor biopsy is mandatory to confirm the diagnosis of GIST and the mutational status prior to the initiation of neoadjuvant treatment, when indicated. Likewise, definitive diagnosis is made by tumor biopsy in the case of reasonable questions regarding the radiologic findings. In metastatic GIST patients, image-guided percutaneous core-needle tumor biopsy is appropriate at the time of presentation to establish the diagnosis before initiation of systemic treatment.

139Pathologic Evaluation and Diagnosis

GIST shows a broad morphologic spectrum that ranges from spindle cell appearance (77%) to epithelioid (8%) or mixed (15%) histologic types. The epithelioid morphology is more frequently observed in the stomach. Nuclear atypia is relatively uncommon. Mitotic rate is currently obtained as the number of mitosis in an area of 5 mm2, which equals 50 high-power fields (HPF) at a magnification of 40× in microscopes with traditional field size. Approximately two-thirds of GISTs at diagnosis have low or very low mitotic index (≤5 mitosis/5 mm2).

Over 95% of GISTs stain for CD117 (KIT), and thus, immunohistochemistry for CD117 is routinely implemented for the diagnosis of GIST. CD117 often shows a diffuse cytoplasmic pattern and, to a lesser extent, membranous or perinuclear expression. Although DOG1 may be included in the initial panel, it is most useful in negative cases for CD117, in which DOG1 is expressed in one-third of the tumors. Other commonly used stains and their percentage of positivity include CD34 (80%), actin (30%), S-100 (10%), and desmin (4%). These markers exclude different entities in the differential diagnosis, such as schwannomas, fibromatosis, leiomyosarcomas, or myofibroblastic inflammatory tumors.

Mutational analysis for KIT and PDGFRA mutations can confirm the diagnosis of GIST in challenging cases, particularly in GI mesenchymal neoplasms with a negative expression for CD117 and DOG1. Regardless, for GIST diagnosis, it is strongly recommended to determine the molecular status of KIT and PDGFRA, because the type of mutation in patients with localized or metastatic GIST can be both prognostic and predictive of treatment response to TKIs.

SDH-deficient GISTs are characterized by epithelioid morphology, multinodularity, plexiform mural involvement, and low or very low mitotic index. Immunohistochemical staining for SDHB is widely used to confirm the diagnosis.

It is strongly recommended to evaluate GIST cases with complex or unusual histopathologic features in referral centers with expertise in sarcoma diagnosis.

RECOMMENDED IMAGING PROCEDURES AND CHARACTERISTIC FEATURES

Imaging Studies

Abdominopelvic CT scan is the initial procedure of choice for GIST workup. CT scans should be performed with both oral and intravenous contrast, which are critical to define the extent and location of the primary tumor and metastases, as well as other characteristics related to the clinical behavior (i.e., invasive components). GIST usually appears on CT scans as well-demarcated spherical masses that arise from the GI wall. They often project exophytically and/or intraluminally, and may have overlying mucosal ulceration. Central and extensive areas of necrosis and hemorrhage are commonly seen in larger GISTs owing to the outgrowth of vascular supplies.

Endoscopy and Endoscopy Ultrasound

GISTs appear at endoscopy as a submucosal mass protruding into the gastric lumen. Endoscopic ultrasound (EUS) exam further characterizes a gastric mass as suspicious for GIST, as GISTs are characteristically located in the fourth layer of the stomach, corresponding to the muscularis propria. Endoscopic biopsies using standard techniques often do not yield sufficient tissue for a definitive diagnosis; however, they can still be considered in certain cases.

MOLECULAR ABERRATIONS DRIVING GIST GROWTH AND SURVIVAL

KIT and PDGFRA Primary Mutations

Oncogenic activation of KIT or PDGFRA RTKs is central to GIST biology and is present in 85% to 90% of the patients. KIT is a transmembrane receptor that belongs to the type III RTK family, which also includes KIT-homologous receptor PDGFRA, among others. KIT and PDGFRA mutations are mutually exclusive and are likely the initiating event. Constitutive activation of KIT or PDGFRA triggers downstream cell signaling cascades that control critical cell functions, including survival, proliferation, and adhesion.

Oncogenic mutations in KIT are found in approximately 80% of GISTs. Two-thirds of GISTs harbor primary mutations in KIT juxtamembrane domain, encoded by exon 11 and distributed in the form of in-frame deletions, insertions, and substitutions, or combinations of these. Similar complexity is found, 140although less frequently, in other KIT regions distributed across the extracellular domain (exon 9), the ATP-binding pocket (exon 13), or the activation loop (exon 17). Primary mutations in PDGFRA (~10%) are found in homologous regions of the gene.

Cytogenetic Progression in GIST

Clinical and biologic progression of GIST represents a continuum that spans from micro-GISTs (<1 cm) to clinically aggressive and metastasizing GISTs. The crucial transforming and possibly initiating oncogenic event in most GISTs is the mutational activation of KIT or PDGFRA, which continues to be the essential driver of tumor development and maintenance, once the GISTs have undergone malignant transformation. However, KIT mutations alone are insufficient to induce malignant behavior, and additional genetic events are necessary to transform micro-GISTs into tumors with increasingly malignant potential. Thus, there is a well-established multistep cytogenetic progression involving typical chromosomic regions targeting genes not yet fully understood: KIT-activating mutation → 14q deletion (MAX) → 22q deletion → 1p deletion → 9p deletion (CDKN2A) → Xp deletion (DMD) (2–4). Deletion of DMD is almost universally present at a late stage in high-grade, lethal GIST, and conditions the metastatic spread.

KIT Secondary Mutations

Acquired resistance to first-line imatinib occurs in 70% to 90% of GIST patients through polyclonal expansion of heterogeneous subclones harboring different KIT secondary mutations that confer resistance to imatinib. Such mutations are not random and cluster in two regions of the KIT kinase domain: the ATP-binding pocket (encoded by exons 13 and 14) and the activation loop (encoded by exons 17 and 18). Other mechanisms, most likely involving KIT-independent activation of KIT-downstream signal intermediates (i.e., RAS; PIK3CA, PTEN), might have a potential role in imatinib resistance after several lines of treatment, although they are yet to be fully elucidated.

KIT/PDGFRA Wild-Type GIST

Wild-type (WT) GIST encompasses 10% to 15% of GISTs with heterogeneous molecular backgrounds sharing a lack of KIT or PDGFRA mutations.

SDH-deficient GISTs represent approximately 40% of WT GISTs, and comprise pediatric GIST, Carney tryad, Carney–Stratakis syndrome, and a small proportion of adult WT GISTs. Most SDH-deficient tumors present with the following features: appear at a young age (<40 years), female predominance, gastric origin, epithelioid morphology, multifocal nodular growth pattern, and frequent involvement of local lymph nodes. SDH-deficient WT GISTs normally follow a chronic and indolent course of disease. Loss of SDH function through inactivating mutations or epigenetic silencing triggers a recurrent DNA hypermethylation phenotype. Although the key driver genes and/or pathways remain unclear, hypoxia-inducible factor (HIF) and insulin growth factor receptor (IGFR) pathways have been found to be typically hyperactivated in these patients.

WT GISTs that are not SDH deficient may harbor a diversity of genetic events activating the RAS/mitogen-activated protein kinase (MAPK) pathway, uncommon fusions including NTRK, and unknown driver mechanisms.

COMMON LOCATION OF PRIMARY DISEASE

GISTs are the most common sarcomas of the GI tract and can arise virtually anywhere along the GI tract, although stomach and small intestine are the most common primary tumor locations in 60% and 30% of the patients, respectively. Duodenum and rectum are the less common primary sites (4% each), and more infrequent locations include esophagus, colon, appendix, and extra-GI GIST (i.e., omentum).

GENERAL THERAPEUTIC APPROACH FOR PRIMARY TUMOR

According to the National Comprehensive Cancer Network (NCCN) and European Society of Medical Oncology (ESMO) guidelines, management of GIST patients should be done in reference centers and/or within reference networks sharing multidisciplinary expertise and treating a high number of patients annually.

141Surgery

All GISTs ≥2 cm in size should be resected because of their intrinsic metastatic potential. The standard and potentially curative therapy for localized GIST is surgical resection with the goal of complete removal with negative margins and an intact pseudocapsule. The extent of surgery usually involves a wedge resection of the stomach or bowel, as GIST, unlike epithelial GI tumors, commonly projects exophytically and/or intraluminally, and therefore, wide margins are not needed. Actually, the ideal margin of resection in GIST remains a matter of debate. Hence, while macroscopic incomplete resection is certainly associated with worse outcome, it seems that the presence of microscopically positive margins (R1) does not impact negatively on recurrence-free survival (RFS). Additionally, tumor rupture to the abdominal cavity during perioperative procedures is associated with a risk of recurrence close to 100%, and therefore, it should be avoided.

Routine lymphadenectomy is not recommended, given the virtual absence of nodal metastases in GIST, except in rare GIST subtypes such as SDH-deficient GIST. Abdomen and liver inspection should be performed in all cases with an aim to identify and remove any previously undetected peritoneal metastatic deposits.

There is no consensus on the management of small GISTs (<2 cm). On the one hand, incidental micro-GISTs (<1 cm) are present in up to one-third of the population and virtually never progress to clinically aggressive GIST. Thus, incidental lesions suggestive of micro-GIST might be initially followed to prove lack of increase in tumor size. By contrast, the clinical behavior of GISTs between 1 and 2 cm is unpredictable in the absence of pathologic evaluation. While surveillance might be considered in gastric GISTs between 1 and 2 cm, small bowel, colon, or rectal GISTs should be resected irrespective of the size, given the higher risk of recurrence and malignant potential.

Adjuvant and Neoadjuvant Imatinib

The success of imatinib in advanced disease prompted interest in its perioperative use with the final goal of preventing relapse after surgery. This includes both postoperative treatment for patients at high risk of recurrence after complete resection of a primary GIST and preoperative therapy for patients with unresectable disease or borderline resectable tumors. There are several well-defined criteria specifically created to identify the subset of GIST patients with the highest likelihood of relapse and who could obtain more benefit from adjuvant/neoadjuvant imatinib. According to the risk-stratification criteria, GIST patients are classified at low, intermediate, and high risk of recurrence after surgery (see section “Propensity to Metastasize: Risk Factor Stratification in GIST”), and high-risk patients benefit the most from perioperative treatment with imatinib.

Adjuvant Imatinib

Three years of adjuvant imatinib therapy is associated with reduced recurrence rates and improved OS in patients with high-risk primary GIST, and it is the current standard of care. This recommendation is the result of three randomized Phase 3 clinical trials that evaluated the role of imatinib 400 mg daily in the adjuvant setting: the American College of Surgeons Oncology Group (ACOSOG) trial Z90011, the Scandinavian Sarcoma Group (SSG) XVIII/Arbeitsgemeinschaft Internistische Onkologie (AIO) trial2, and the European Organization for Research and Treatment of Cancer (EORTC) trial 620243.

In Z9001, resected GISTs ≥3 cm were randomly assigned to either imatinib or placebo for 1 year after surgery. One-year RFS was significantly improved from 83% in the placebo group to 98% in the imatinib group. No difference in OS was detected between both groups because of the crossover effect and because the trial was not powered to assess this difference. One of the main criticisms to this study was the inclusion of a wide range of GIST patients with different risks for relapse. Regardless, 1 year of treatment with adjuvant imatinib was accepted as the standard treatment after complete resection of GIST.

The SSG XVIII/AIO Phase 3 clinical trial subsequently investigated the differences between imatinib 400 mg daily for 1 year and the same regimen for 3 years. For this study, more stringent inclusion criteria were applied, and it only entered high-risk GIST patients based on the National Institutes of Health (NIH) consensus classification or those with tumor rupture. Patients assigned to the 3-year group had a 5-year RFS of 65.6% compared with 47.9% in the 1-year group. Although the trial was not powered to assess differences in OS, the analysis showed that 3-year treatment achieved a 5-year OS of 92% compared with 81.7% in the 1-year group. In view of these results, the NCCN and ESMO guidelines currently recommend 3 years of adjuvant treatment with imatinib in high-risk patients. The NCCN guidelines also recommend considering adjuvant imatinib in intermediate-risk patients on an individual basis. Adjuvant treatment for low-risk patients is not indicated.

142The Phase 3 EORTC 62024 study randomized intermediate- and high-risk GIST patients to 2 years of imatinib or observation after surgical resection. Two years of adjuvant imatinib impacted positively on RFS, with a 3- and 5-year RFS rate in the experimental and placebo groups of 84% versus 66% and 69% versus 63%, respectively. OS did not differ between the treatment arms. Interestingly, this trial changed the primary endpoint to imatinib failure-free survival (IFFS) in order to capture the time when a different TKI was started in the advanced setting. No differences were observed regardless of the treatment group. This trial confirmed earlier studies in terms of RFS, but also observed that most of the benefit was lost after 1 to 3 years from the end of the adjuvant imatinib, thus suggesting that imatinib delayed the relapse. Therefore, this finding raises concerns about the mechanism of action of adjuvant imatinib in GIST, as it is not known whether recurrences are truly being prevented or just delayed.

Recently, the PERSIST-5 Phase 2, single-arm clinical trial6 investigated whether longer duration of adjuvant imatinib 400 mg daily (5 years) had an impact on outcomes in completely resected intermediate- and high-risk GIST patients. Half of the patients discontinued the treatment owing to patient choice. Recurrence occurred within 2 years from imatinib discontinuation in those patients completing the 5 years on adjuvant treatment. The definitive answer to this question will come from the SSG XXII trial, which is currently evaluating 3 versus 5 years of adjuvant imatinib in locally resected GIST patients in an international Phase 3 study.

Other areas of uncertainty need to be addressed with prospective studies interrogating questions such as whether doses >400 mg should be used in the adjuvant setting and whether adjuvant imatinib might benefit uncommon GIST subgroups (i.e., SDH-deficient GIST).

Neoadjuvant Imatinib

Current evidence for the use of preoperative imatinib in localized GIST comes from retrospective series and a few prospective, single-arm Phase 2 trials. These studies4,5 showed that most locally advanced GISTs shrink or stabilize in size after 6 to 12 months of preoperative imatinib, allowing subsequent surgery. Therefore, neoadjuvant treatment with imatinib is not a standard of care, and the decision must be made on an individual basis.

Several aspects need to be taken into account: first, based on the high rate of responses observed with imatinib in patients with metastatic GIST, preoperative use of imatinib aims to reduce tumor bulk to facilitate complete surgical resection. Thus, it can be considered in patients with rectal or duodenal GIST—to avoid resections that adversely impair the quality of life—and in patients with a large gastric GIST, which likely requires total or subtotal gastrectomy. Second, early assessment of response is required in order to minimize risks, because a delay could impede surgery if imatinib fails to shrink or stabilize the tumor size. Thus, tumor imaging by either PET/CT or CT at baseline and in the first 4 to 8 weeks on imatinib appears to be the most sensitive option, and it is our standard practice. Third, genotyping at baseline and identification of imatinib-nonresponsive mutations (e.g., PDGFRA D842V) are highly recommended. Finally, it should be noted that risk stratification in patients receiving neoadjuvant imatinib will likely be inaccurate, because both pretreatment biopsy and posttreatment specimens do not allow full evaluation of tumor mitotic rate. Thus, careful evaluation is needed for a correct indication for adjuvant imatinib.

RECOMMENDED FOLLOW-UP AFTER DEFINITIVE THERAPY

Abdominal CT scan is the usual procedure, given the abdominal location and the typical relapse in the peritoneum and liver. MRI is recommended to characterize the liver lesions, complex locations such as rectum, or allergic reactions to iodine contrast agent. PET is indicated when the previous studies are inconclusive.

There is a lack of studies assessing the effectiveness of duration, timing, and procedures for the follow-up of GIST patients undergoing treatment for localized disease with or without perioperative treatment with imatinib. In this absence of data, recent guidelines and recommendations advocate adjustments based on risk of recurrence and time after surgery.

Localized Disease

Annual CT Scan in Low-Risk Patients

For intermediate- and high-risk GIST, CT scan can be performed every 3 to 4 months during the first 2 years, every 6 months thereafter, and annually after 5 years of follow-up. It is important to note that once imatinib is withdrawn, recurrence mostly occurs during the following 12 to 24 months, and therefore, follow-up should be maintained during this period.

143Advanced and Metastatic Disease

Follow-up should be conducted in GIST patients treated with TKIs approximately every 3 months, but can be prolonged to 4 to 6 months in patients with sustained response to a given TKI, particularly in the long-term responders (>5 years) to imatinib. RECIST (Response Evaluation Criteria in Solid Tumors) is the usual type of measurement in the follow-up, but Choi response criteria should be used to rule out pseudoprogression as a consequence of myxoid degeneration or intratumoral hemorrhage occurring in response to TKIs.

PROPENSITY TO METASTASIZE: RISK FACTOR STRATIFICATION IN GIST

According to some series, 40% to 50% of GIST patients may develop recurrent disease after surgery despite macroscopically complete resection. All GISTs >2 cm are at risk of recurrence, although their clinical behavior is highly variable. Several prognostic criteria are used among clinicians to estimate the risk of relapse after surgery and/or to predict the potential benefit of adjuvant treatment with imatinib.

Primary tumor size, mitotic count, and tumor location are the three main prognostic factors in GIST. Proliferation rate is assessed in GIST with the mitotic count using a total area of 5 mm2 or 25 per HPF in modern microscopes. GISTs located outside the stomach have generally more unfavorable outcomes than GISTs arising in the stomach. Additionally, virtually all patients are considered at risk of relapse in the context of tumor rupture, either spontaneous or due to manipulation during the surgery.

Current risk-stratification systems include some or all of the aforementioned prognostic factors. The consensus criteria from the NIH, which is the oldest, stratifies risk based on tumor size and mitotic count. The Armed Forces Institute of Pathology (AFIP) risk criteria added tumor location as a prognostic factor, which improves differentiation between patients with moderate and intermediate risk. Finally, the revised NIH consensus criteria additionally incorporated tumor rupture. Despite these differences, these three methods are comparable and predict reasonably well. These risk-stratification systems are validated only in KIT-mutant GIST—other genotypes are underrepresented.

There is a well-established prognostic role of particular mutational status in GIST, although it is not included in any risk evaluation system. GISTs with KIT exon 11 deletions in codon 557 exhibit particularly aggressive behavior. This has been consistently shown in several studies and appears to be particularly helpful in gastric GIST with intermediate risk of relapse by the above-mentioned risk-stratification systems. These reports also agree that GISTs with primary mutations in PDGFRA exon 18 (D842V) are associated with a more favorable prognosis when localized and have a seemingly lower risk of recurrence and distant metastatic spread.

COMMON FEATURES OF METASTATIC DISEASE

GIST commonly spreads to the liver and/or the abdominal cavity (peritoneum, mesentery, omentum). At the time of diagnosis, approximately 50% of the cases are localized, 20% are locally advanced, and 25% are already present with metastatic disease.

THERAPEUTIC APPROACH FOR METASTATIC DISEASE

GIST has emerged as a paradigmatic and successful model for rational development of targeted agents against critical driver alterations in cancer. In the past 15 years, we have witnessed how the introduction of KIT inhibitors into the clinic has led to an extraordinary improvement of outcomes in this tumor, formerly deemed chemoresistant.

Targeted Therapy

Imatinib

Imatinib (Gleevec in the United States, Glivec elsewhere; Novartis Oncology, Basel, Switzerland), an orally available, small-molecule inhibitor with activity against KIT, PDGFR, and ABL kinases, was the first TKI that was granted the U.S. Food and Drug Administration (FDA) approval for the treatment of KIT-positive metastatic and/or unresectable GISTs, following the demonstration of sustained response to imatinib 400 mg daily in the landmark B2222 Phase 2 trial.7 Approximately two-thirds of the patients achieved objective radiographic response to imatinib, 15% of patients had prolonged stable disease, and 10% to 15% exhibited primary resistance. Patients with stable disease had similar long-term benefit and favorable survival 144outcomes as those with objective responses. This study showed a median time to treatment progression (TTP) of 24 months and an estimated median OS of 57 months, with no differences between the doses of 400 and 600 mg daily. This benefit is particularly prolonged in a subset of GIST patients, with around one-third achieving progression-free survival (PFS) at 5 years and 5% to 10% achieving it for up to 10 years. Importantly, the KIT genotype predicted GIST outcomes, as KIT exon 11-mutant patients had a substantially greater likelihood of partial response and longer time to treatment failure compared with patients with either KIT exon 9 mutation or KIT/PDGFRA WT. Therapy is generally well tolerated, with diarrhea, edema, and fatigue being the most common treatment-related toxicities.

Two subsequent Phase 3 trials8,9 supported these findings and further studied the efficacy of higher doses of imatinib (800 vs. 400 mg daily). Overall, a small but statistically significant PFS advantage was seen in GIST patients treated with imatinib 800 mg daily, with no difference in OS between the two arms, and patients on higher-dose therapy reported more side effects. The presence of KIT exon 9 mutation was the only significant predictive factor for benefit from higher doses.

Imatinib at a dose of 400 mg daily is the standard initial dose for the treatment of advanced or metastatic GIST patients. Dose escalation to 800 mg/d is a reasonable option for patients progressing on 400 mg/day—particularly in KIT exon 9 mutant—although there is no data or consensus favoring dose escalation versus initiation of second-line treatment.10–12

The main mechanism of resistance found in 70% to 90% of GIST patients entails the emergence of subpopulations with KIT secondary mutations impeding imatinib binding to the KIT receptor. Resistance involves substantial heterogeneity of secondary mutations between and within metastases from individual patients, which underscores the complexity of resistance as the main treatment challenge in patients with GIST after frontline imatinib treatment.

Sunitinib

Sunitinib (Sutent; Pfizer Inc., New York, NY, USA) is a multitargeted small-molecule TKI with potent activity against KIT and PDGFRA, among several other kinases, and is currently approved for the treatment of metastatic GIST in patients with imatinib resistance or intolerance. In a pivotal randomized, placebo-controlled Phase 3 trial13 in patients with imatinib-refractory or -intolerant GISTs, 312 patients were enrolled and randomized to receive sunitinib or placebo. Sunitinib dose was 50 mg daily, 4 weeks on and 2 weeks off. Despite a low objective response rate in the sunitinib group (7% response rate), TTP, the primary endpoint, was fourfold longer in the sunitinib arm compared with placebo (27 vs. 6 weeks, respectively). Continuous dosing of sunitinib 37.5 mg daily is also active in the same setting, as shown in a nonrandomized Phase 2 clinical trial14 that yielded a clinical benefit rate of 53% and a PFS of 34 weeks.

Regorafenib

Regorafenib (Stivarga; Bayer HealthCare Pharmaceuticals Inc., Montville, NJ, USA), an orally active multikinase inhibitor with activity against a variety of kinases including KIT and PDGFRA, obtained worldwide approval for the treatment of GIST after failure of imatinib and sunitinib. A pivotal Phase 3 trial15 randomized GIST patients to regorafenib 160 mg once daily for the first 21 days of each 28-day cycle or placebo. Median PFS was also significantly longer in patients treated with regorafenib (4.8 months) compared to placebo (0.9 month). As observed with sunitinib, the overall response rate was low (4.5%), as most of the benefit was due to disease stabilization.

Other Therapies

There are currently no other therapies approved for the treatment of TKI-refractory GIST, and therefore, it remains an unmet clinical need. It is highly encouraged to treat these patients in clinical trials.

Resumption of imatinib with palliative purposes is a common practice, given the rapid progression and symptom worsening after TKI discontinuation, likely due to the rapid outgrowth of imatinib-sensitive disease. However, a Phase 3 randomized trial16 showed no significant improvement in objective response or in OS compared to placebo in this setting. No improvement in quality of life measurements could be determined either, although other studies have demonstrated the positive impact of TKI maintenance on OS despite progression.

Pazopanib has recently proved to be effective in TKI-resistant GIST patients in a randomized Phase 2 trial,17 achieving a significant improvement of median PFS (3.4 months) over placebo (2.4 months), again with <5% response rate, although these results have not been consistent across studies. The following TKIs with KIT inhibitory activity have been investigated in imatinib-resistant GIST, mostly in single-arm Phase 2 trials: sorafenib, ponatinib, nilotinib, dasatinib, and dovitinib. All of them share 145a similar activity profile, with a median PFS between 3 and 5 months and a response rate <10%, regardless of the line of treatment. Interestingly, small-molecule KIT-inhibitor monotherapies have a drug-specific activity profile against a subset of the KIT secondary mutational spectrum, which constitutes the molecular basis for the modest clinical benefit observed with successive lines of treatment in imatinib-resistant GIST.

Surgery

Resection of metastatic disease in GIST patients is not a standard procedure in all centers; however, in the absence of controlled trials, it can be considered on an individualized basis within multidisciplinary teams in sarcoma expert centers. Resection of metastatic disease aiming to achieve complete response may positively impact on outcomes in GIST patients either responding to TKIs or with focal progression. However, it is not recommended in patients experiencing generalized disease progression while receiving a TKI. Importantly, resection, even if complete, does not eliminate the need for continued treatment with TKI therapy.

SUMMARY

The molecular understanding of the biologic underpinnings of GIST has led and is currently leading to the rational development of therapeutic approaches successfully implemented into the clinic. All currently approved drugs for GIST are based on KIT inhibition, given the dominance of oncogenically active KIT signaling throughout all steps of GIST oncogenesis from micro-GIST to imatinib-resistant metastatic GIST. However, treatment of GISTs refractory to approved TKIs remains an unmet clinical need, as the heterogeneity of the resistant disease is a challenge. Thus, therapeutic strategies exploiting KIT, KIT-downstream pathways, or adaptive mechanisms to KIT inhibition through combination therapies or novel cross-cutting treatment strategies are being actively sought. Likewise, the high reliance of GIST on KIT or PDGFRA mutations, together with the relevance of KIT secondary genotype for response prediction to current TKIs make GIST an appealing model to validate circulating tumor DNA with the final goal of its implementation as a real-time biomarker for treatment selection. This approach remains under active investigation.

In the meantime, GIST patients, as in all rare diseases, should be consulted and/or referred to sarcoma expert centers for disease management and treatment. Patient tolerance of imatinib treatment facilitates its use in the community. However, there are several nuances and steps during the clinical course of the disease that need to be addressed by multidisciplinary teams. For instance, KIT/PDGFRA primary genotype is highly relevant for the indication of imatinib as a neoadjuvant/adjuvant treatment or in the setting of metastatic disease, and should be performed in all cases. Additionally, GIST genotype is increasingly important for the participation in clinical trials. On the other hand, unlike imatinib, the range of side effects of sunitinib and regorafenib is higher owing to the wider spectrum of target inhibition. Although the majority of them are manageable, prevention and timely dose/schedule adaptation are essential to avoid unnecessary definitive treatment withdrawals from potential effective treatments. Likewise, and as mentioned in the section “Surgery,” surgery for metastatic disease potentially benefits a subset of GIST patients, and these opportunities should be evaluated in multidisciplinary sarcoma centers.

 





CASE STUDY

A 59-year-old female patient was referred to our institution with a suspected diagnosis of localized gastric GIST. Two weeks before, the patient was admitted at her home institution because of melena accompanied by anemic syndrome, without hemodynamic instability. The episode was spontaneously stabilized and it partially recovered after red blood cell (RBC) transfusion. The patient only had records for a 4-month history of mild asymptomatic microcytic anemia with normal colonoscopy. CT scan at the ED showed a 22-cm gastric mass protruding toward the abdominal cavity, with suggestive radiologic signs of microperforation. The lesion was highly suggestive of a gastric GIST. The rest of the examination was unremarkable. Blood draw at 146our institution showed grade 3 anemia despite prior transfusion, although without evidence for active bleeding. The patient remained hemodynamically stable.

The sarcoma board at our institution decided to perform surgery without neoadjuvant imatinib treatment, given the high risk of massive GI bleeding together with the suspicion of microperforation. During the surgical procedure, the surgeons identified multiple subcentimetric peritoneal metastases, with three of them being resected for pathologic evaluation. The gastric mass was resected through partial gastrectomy and it measured 21 cm. The microperforation was evidenced at the gross examination, together with extensive hemorrhagic and necrotic areas. The pathology report described a spindle cell–type GIST, 17 mitoses/5 mm2, and diffuse stain for CD117. The molecular analysis identified a KIT exon 11 deletion (p.552_554del).

The patient was discharged 10 days after surgery and initiated with imatinib 400 mg daily for 3 weeks after the surgery. Tolerance was acceptable, with only mild transitory nausea reported within 1 hour of imatinib intake. Reevaluation visit was performed 10 weeks after imatinib initiation. At that time, the patient felt short of breath (grade 2 dyspnea), accompanied by occasional cough and pleuritic-like pain on deep inspiration in her right hemithorax. No other symptoms were described. The physical examination revealed semiology of pleural effusion that was confirmed in the upper images of the contrast-enhanced abdominopelvic CT scan. No peritoneal disease was radiologically visible. However, multiple subcentimetric hypodense liver lesions (>20) showed up in this first reevaluation. Overall, the case presentation was deemed pleural effusion due to imatinib toxicity and the response of previously undetectable subcentimetric liver lesions (Choi-like effect). PET/CT was performed, which was without fluorodeoxyglucose (FDG)-avid disease, further supporting the finding of pseudoprogression in this case. Imatinib was put on hold for 2 weeks and resumed at 200 mg daily together with a diuretic. Imatinib could be gradually escalated uneventfully to the standard dose of 400 mg daily within 2 months.

The patient remained on imatinib at 400 mg/day and underwent CT imaging every 3 months. Serial imaging demonstrated stability to the hepatic lesions, which became quite hypodense over time. She remains on imatinib with radiographically stable disease 2 years after imatinib initiation.

This case highlights the complexity of GIST management due to presenting symptoms and/or toxic effect, plus the relevance of a multidisciplinary tumor board with expertise in GIST. In addition, the subtle finding of “new liver lesions” interpreted as response rather than resistance allowed the patient to remain on an active therapy, imatinib, for at least 2 years.






 







REFERENCES

  1.  Dematteo RP, Ballman KV, Antonescu CR, et al. Adjuvant imatinib mesylate after resection of localised, primary gastrointestinal stromal tumour: a randomised, double-blind, placebo-controlled trial. Lancet. 2009;373(9669):1097–1104. doi:10.1016/S0140-6736(09)60500-6

  2.  Joensuu H, Eriksson M, Sundby Hall K, et al. One vs three years of adjuvant imatinib for operable gastrointestinal stromal tumor: a randomized trial. JAMA. 2012;307(12):1265–1272. doi:10.1001/jama.2012.347

  3.  Casali PG, Zalcberg J, Le Cesne A, et al. Ten-year progression-free and overall survival in patients with unresectable or metastatic GI stromal tumors: long-term analysis of the European Organisation for Research and Treatment of Cancer, Italian Sarcoma Group, and Australasian Gastrointestinal Trials Group Intergroup Phase III Randomized Trial on Imatinib at Two Dose Levels. J Clin Oncol. 2017;35(15):1713–1720. doi:10.1200/JCO.2016.71.0228

  4.  Eisenberg BL, Harris J, Blanke CD, et al. Phase II trial of neoadjuvant/adjuvant imatinib mesylate (IM) for advanced primary and metastatic/recurrent operable gastrointestinal stromal tumor (GIST): early results of RTOG 0132/ACRIN 6665. J Surg Oncol. 2009;99(1):42–47. doi:10.1002/jso.21160

  5.  McAuliffe JC, Hunt KK, Lazar AJ, et al. A randomized, phase II study of preoperative plus postoperative imatinib in GIST: evidence of rapid radiographic response and temporal induction of tumor cell apoptosis. Ann Surg Oncol. 2009;16:910–919.

  6.  Raut CP, Espat NJ, Maki RG, et al. Efficacy and tolerability of 5-year adjuvant imatinib treatment for patients with resected intermediate- or high-risk primary gastrointestinal stromal tumor: the PERSIST-5 clinical trial. JAMA Oncol. 2018;4(12):e184060. doi:10.1001/jamaoncol.2018.4060

  7.  Demetri GD, von Mehren M, Blanke CD, et al. Efficacy and safety of imatinib mesylate in advanced gastrointestinal stromal tumors. N Engl J Med. 2002;347(7):472–480. doi:10.1056/NEJMoa020461

  8.  Blanke CD, Rankin C, Demetri GD, et al. Phase III randomized, intergroup trial assessing imatinib mesylate at two dose levels in patients with unresectable or metastatic gastrointestinal stromal tumors expressing the kit receptor tyrosine kinase: S0033. J Clin Oncol. 2008;26:626–632. doi:10.1200/JCO.2007.13.4452

  9.  147Verweij J, Casali PG, Zalcberg J, et al. Progression-free survival in gastrointestinal stromal tumours with high-dose imatinib: randomised trial. Lancet. 2004;364:1127–1134. doi:10.1016/S0140-6736(04)17098-0

 10.  Liegl B, Kepten I, Le C, et al. Heterogeneity of kinase inhibitor resistance mechanisms in GIST. J Pathol. 2008;216(1):64–74. doi:10.1002/path.2382

 11.  Corless CL, Barnett CM, Heinrich MC. Gastrointestinal stromal tumours: origin and molecular oncology. Nat Rev Cancer. 2011;11(12):865–878. doi:10.1038/nrc3143

 12.  Serrano C, Marino-Enriquez A, Tao DL, et al. Complementary activity of tyrosine kinase inhibitors against secondary kit mutations in imatinib-resistant gastrointestinal stromal tumours. Br J Cancer. 2019;120(6):612–620. doi:10.1038/s41416-019-0389-6

 13.  Demetri GD, van Oosterom AT, Garrett CR, et al. Efficacy and safety of sunitinib in patients with advanced gastrointestinal stromal tumour after failure of imatinib: a randomised controlled trial. Lancet. 2006;368:1329–1338. doi:10.1016/S0140-6736(06)69446-4

 14.  George S, Blay JY, Casali PG, et al. Clinical evaluation of continuous daily dosing of sunitinib malate in patients with advanced gastrointestinal stromal tumour after imatinib failure. Eur J Cancer. 2009;45:1959–1968. doi:10.1016/j.ejca.2009.02.011

 15.  Demetri GD, Reichardt P, Kang YK, et al. Efficacy and safety of regorafenib for advanced gastrointestinal stromal tumours after failure of imatinib and sunitinib (GRID): an international, multicentre, randomised, placebo-controlled, phase 3 trial. Lancet. 2013;381:295–302. doi:10.1016/S0140-6736(12)61857-1

 16.  Kang YK, Ryu MH, Yoo C, et al. Resumption of imatinib to control metastatic or unresectable gastrointestinal stromal tumours after failure of imatinib and sunitinib (RIGHT): a randomised, placebo-controlled, phase 3 trial. Lancet Oncol. 2013;14:1175–1182. doi:10.1016/S1470-2045(13)70453-4

 17.  Mir O, Cropet C, Toulmonde M, et al. Pazopanib plus best supportive care versus best supportive care alone in advanced gastrointestinal stromal tumours resistant to imatinib and sunitinib (PAZOGIST): a randomised, multicentre, open-label phase 2 trial. Lancet Oncol. 2016;17(5):632–641. doi:10.1016/S1470-2045(16)00075-9148






14911






Osteosarcoma



Matthew Chin and J. Andrew Livingston


Osteosarcoma is the most common primary bone sarcoma. Although osteosarcoma previously held a poor prognosis, overall survival improved dramatically after the adoption of multiagent chemotherapy, establishing multimodality treatment including surgery and chemotherapy as the standard of care. Since these advances over 30 years ago, overall treatment strategies for the primary treatment of osteosarcoma have not changed significantly, and therefore, overall survival has remained relatively stable. This chapter reviews incidence, epidemiology, presentation, and diagnostic approaches for osteosarcoma, as well as general therapeutic approaches for both primary tumor and metastatic disease. The mainstay of treatment involves neoadjuvant chemotherapy, wide surgical resection with limb-sparing surgery if possible, followed by adjuvant chemotherapy. The treatment of metastatic disease remains a significant challenge. While patients with isolated pulmonary metastases may be cured with resection, unresectable disease portends a poor prognosis. Current approaches being developed include defining molecular subsets for targeted therapies and exploring the role of immunotherapy for the treatment of recurrent/metastatic disease.
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INTRODUCTION

Osteosarcoma is the most common primary bone sarcoma, most often affecting adolescents and young adults or arising as a secondary osteosarcoma in older adults. Although osteosarcoma previously held a poor prognosis, overall survival improved dramatically after the adoption of multiagent chemotherapy, establishing multimodality treatment including surgery and chemotherapy as the standard of care. Since these advances over 30 years ago, overall treatment strategies for the primary treatment of osteosarcoma have not changed significantly, and therefore, overall survival has remained relatively stable. The mainstay of treatment involves neoadjuvant chemotherapy (most frequently, a combination of doxorubicin, cisplatin, high-dose methotrexate with or without ifosfamide), wide surgical resection with limb-sparing surgery if possible, followed by adjuvant chemotherapy. The treatment of metastatic disease remains a significant challenge. While patients with isolated pulmonary metastases may be cured with resection, unresectable disease portends a poor prognosis. Current approaches being developed include defining molecular subsets for targeted therapies and exploring the role of immunotherapy for the treatment of recurrent/metastatic disease.

INCIDENCE AND EPIDEMIOLOGY

Osteosarcoma follows a bimodal distribution, with a peak incidence in children and adolescents and a secondary peak in the elderly. According to the Surveillance, Epidemiology, and End Results Program (SEER) from the National Cancer Institute, the annual incidence in the United States is 4.4 per million for those 0 to 24 years of age, 1.7 for those 25 to 59 years of age, and 4.2 for adults older than 60 years.1 Among adolescents and young adults, the majority of cases are conventional high-grade osteosarcoma (including osteoblastic, chondroblastic, and fibroblastic subtypes). Conversely, older adults have higher rates of osteosarcoma associated with Paget disease of bone or as a secondary cancer.1 Overall, there is also a slight predominance in blacks and males, with an average male/female ratio of 1.22:1.1

Several studies have examined the prognostic factors and survival outcomes in the current treatment era of multimodality therapy. The recently completed European and American Osteosarcoma Study (EURAMOS-01), an international collaboration of the largest osteosarcoma trial performed to date, reported the 3- and 5-year overall survival rate from the date of diagnosis as 79% and 71%, respectively, in a cohort of patients aged ≤40 years with resectable high-grade osteosarcoma.2 The 3- and 5-year event-free survival rates in this cohort were 59% and 54%, respectively. Factors associated with adverse outcome included both pulmonary and nonpulmonary metastases upon presentation, axial skeleton tumor site, and poor histologic response after chemotherapy (defined as ≥10% viable tumor), with poor histologic response being the most significant prognostic adverse factor.2 Analysis across multiple cooperative group trials and registry-based studies have identified similar prognostic factors. The most important prognostic factor at the time of diagnosis is the presence of detectable metastatic disease. Survival outcomes for the 15% to 20% of patients who present with overt metastatic disease are poor, with a 10-year cause-specific survival rate of 24% as compared to 66% for patients with localized disease.3 Male sex, axial tumor site, large tumor size, and older age at diagnosis have also been associated with inferior outcomes.3,4 Following neoadjuvant chemotherapy, pathologic treatment response—with poor response often defined as <90% tumor necrosis in the primary tumor—correlates with both event-free and overall survival.4,5 The prognosis for patients with secondary osteosarcomas, such as radiation-induced and pagetoid osteosarcoma, is poor, with overall survival rates at 5 years between 1504% and 22%, likely due to a combination of chemoresistance, disease biology, and poor tolerance of standard chemotherapy in the elderly population.6–8

ETIOLOGY

The specific molecular pathogenesis of osteosarcoma remains unclear. Although the vast majority of cases occur sporadically, its occurrence has been classically linked to germline alterations in tumor suppressor genes implicated in several inherited familial cancer predisposition syndromes, such as germline mutations in the RB1 gene in retinoblastoma, TP53 gene in Li–Fraumeni syndrome, and RECQL4 gene in Rothmand–Thomson syndrome.9–11 A small, but clinically important subset of cases is caused by exposure to therapeutic radiation with an average latency period of >10 years between irradiation and the development of secondary osteosarcoma. In older adults, osteosarcoma is often associated with Paget disease of bone. However, the incidence of malignant transformation is <1%.

Unlike other sarcomas, osteosarcomas lack recurrent translocations or common driver mutations. Rather, osteosarcomas are characterized by complex karyotypes and genomic complexity attributed to mutations in the tumor suppressor genes TP53 and RB. Initially thought to account for approximately half of osteosarcomas, now the vast majority (75%–95%) of all are estimated to harbor TP53 alterations, frequently translocations in intron 1 of the TP53 gene.12 In addition to TP53 mutations, chromosomal shattering, termed chromothripsis, is evident in 20% to 89%, contributing further to its genomic complexity.13 More recent studies utilizing next-generation sequencing (whole-exome sequencing [WES] and whole-genome sequencing [WGS]) reveal a genomic landscape predominantly characterized by somatic copy number alterations (SCNAs) rather than somatic mutations. While the highest among pediatric solid tumors, the somatic mutation burden in osteosarcoma (0.79–1.3 per Mb) is modest in comparison to other adult-type solid tumors.12,14

PRESENTATION AND DIAGNOSTIC APPROACH

Patients most often present with deep-seated, constant pain and swelling in the affected location. As the most common locations are in the metaphysis of long bones, specifically the distal femur, proximal tibia, and proximal humerus, they will often endorse knee or shoulder pain or limited range of motion and attribute it to minor trauma, a sprain, or overuse injury. In some instances, patients may even present with pathologic fracture necessitating immobilization or provisional stabilization. Occasionally, patients may present with back or pelvic pain as well, as approximately 6% of cases occur in the axial skeleton.4 Fortunately, these cases are uncommon, as they are typically the most challenging to resect surgically and often are not recognized until late in the disease course.

In addition to a detailed history and physical examination, the workup for osteosarcoma includes laboratory tests, radiographs, MRI of the entire bone to evaluate for skip lesions (i.e., discontinuous metastases in the primary bone site), technetium bone scan, and chest CT. Chest imaging is essential as the most common site of metastasis is the lungs. Although not universally accepted as the standard of care, whole body (i.e., head-to-toe) PET/CT is also often performed, which provides additional staging information and may aid in assessing treatment response. Favorable PET/CT responses are associated with improved progression-free survival (PFS), but this only partially correlates with the histologic response to chemotherapy.15 Radiographic evaluation demonstrates an osteoblastic, osteolytic, or mixed lesion (Figure 11.1A–C) and also provides a measure by which treatment response may be evaluated. The classic appearance is a permeative, moth-eaten, or destructive lesion in bone with an associated ossified or “sunburst” appearance of calcification (Figure 11.2A and B). Codman triangle (Figure 11.2C), a periosteal calcification in the border of the tumor and healthy tissue that occurs as a reactive process to wall off the tumor, is also commonly seen on radiographs (Figure 11.3A and B). Secondary osteosarcomas can have a similar appearance with a calcified mass arising from Paget disease or within a prior radiation field (Figure 11.4A and B). MRI remains the best modality with which to evaluate soft tissue component, surrounding neurovascular structures, and intramedullary extension—features that can be valuable in surgical planning. While imaging guidelines for the workup, treatment, and follow-up of osteosarcoma patients differ slightly among the National Comprehensive Cancer Network (NCCN), European Society for Medical Oncology (ESMO), and the Children’s Oncology Group (COG), the same imaging should be utilized during treatment and for posttreatment disease surveillance.
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FIGURE 11.1  Variable appearance of osteosarcoma. (A) Typical blastic appearance. (B) Lytic appearance of small cell osteosarcoma. (C) Mixed lytic and blastic appearance.

Source: Used with permission from Behrang Amini, MD, Department of Diagnostic Radiology, The University of Texas MD Anderson Cancer Center.





Laboratory testing should include a complete blood count, electrolyte panel, blood urea nitrogen, creatinine, and liver function tests. Alkaline phosphatase and lactate dehydrogenase levels have also been described as a surrogate measure of tumor burden, with elevated levels correlating with poor prognosis,16 but are not routinely followed as tumor markers. Pretreatment workup should also include echocardiogram and fertility counseling for patients with high-grade osteosarcoma who will go on to receive chemotherapy.
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FIGURE 11.2  Periosteal reaction in osteosarcoma. (A) Sunburst appearance in conventional osteosarcoma on conventional radiography. (B) T2-weighted image showing calcification perpendicular to the cortex, lifting the periosteum (thin dark line, arrow). (C) Codman triangle (arrow) in a patient with periosteal osteosarcoma.

Source: Used with permission from Behrang Amini, MD, Department of Diagnostic Radiology, The University of Texas MD Anderson Cancer Center.
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FIGURE 11.3  (A) Gross specimen of osteosarcoma involving metaphysis and diaphysis of tibia. Tumor is predominantly intramedullary and extends through cortex with prominent periosteal reaction. (B) The x-ray image of mapped cross section.

Source: Used with permission from Wei-Lien Wang, MD, Department of Pathology, The University of Texas MD Anderson Cancer Center.





In addition to radiographic evaluation and staging workup, the diagnosis must always be verified histologically with a biopsy. It is widely accepted and recommended that biopsies should be performed at specialized centers with experience treating sarcomas owing to their rarity, in order to ensure proper biopsy techniques and appropriate histologic examination and molecular testing when indicated. Core-needle biopsies are sufficient, but multiple samples should be obtained to improve diagnostic yield. With the increased accuracy of image-guided needle biopsies, the need for open biopsy has diminished, but it remains the gold standard for obtaining sufficient tissue for diagnosis. When necessary, open biopsies should be performed by experienced orthopedic oncologists. Placing the biopsy incision in line with the incision for definitive resection is essential because the biopsy tract must be excised as well.
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FIGURE 11.4  Secondary osteosarcoma. (A) Osteosarcoma (white arrow and inset) arising from Paget disease of the left ilium (black arrow). (B) Anterior chest wall osteosarcoma associated with radiation therapy for head and neck cancer.

Source: Used with permission from Behrang Amini, MD, Department of Diagnostic Radiology, The University of Texas MD Anderson Cancer Center.
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FIGURE 11.5  (A) Pretreatment biopsy. High-grade tumor composed of atypical epithelioid cells with osteoid matrix (H&E, 200×). (B) Posttreatment resection specimen. Treatment-related changes result in decreased cellularity and replacement by hyaline stroma. Osteoid matrix remains (H&E, 200×).

H&E, hematoxylin and eosin.

Source: Used with permission from Wei-Lien Wang, MD, Department of Pathology, The University of Texas MD Anderson Cancer Center.





The Musculoskeletal Tumor Society (MSTS) and the American Joint Committee on Cancer (AJCC) systems have been traditionally used for staging.17,18 Most patients present with nonmetastatic conventional high-grade osteosarcoma with soft tissue component, or MSTS stage IIB disease. In the most recent eighth edition of the AJCC classification, which uses the traditional TNM (primary tumor, regional lymph nodes, and distant metastasis) staging of solid tumors, T stage is separated by the primary site, with spine and pelvis primary tumors classified separately from those arising in the appendicular skeleton, trunk, skull, or facial bones. Prognostic stage groups are defined for tumors arising in the appendicular skeleton, trunk, skull, or facial bones based upon T, N, M, and histologic grade. Clinically, neither staging system has been routinely incorporated into treatment planning; rather the presence or absence of overt metastatic disease remains the most significant prognostic factor. Histologic subtypes of osteosarcoma are described in the World Health Organization classification of bone-forming tumors.19 All osteosarcoma subtypes are characterized by osteoid production in a malignant spindle cell stroma (Figure 11.5A and B). Conventional intramedullary osteosarcomas account for the largest subtype of osteosarcoma and are subdivided into osteoblastic, chondroblastic, and fibroblastic subtypes, named according to the predominant cellular component. Other intramedullary histologic subtypes are less common and include telangiectatic and small cell osteosarcoma. Variants such as surface osteosarcomas, which include parosteal, periosteal, and high-grade surface as well as osteosarcoma of the mandible, often differ in regard to natural history, prognosis, and treatment and are discussed in further detail in separate sections of this chapter. Extraskeletal osteosarcoma, a malignant mesenchymal tumor that arises in soft tissue (without bone involvement) and produces osteoid, is considered an entirely separate entity and is most often treated in line with other high-grade soft tissue sarcomas rather than conventional osteosarcoma.

GENERAL THERAPEUTIC APPROACH FOR PRIMARY TUMOR

The therapeutic approach for osteosarcoma is described in relation to treating conventional, high-grade osteosarcoma. Similar to biopsy principles, treatment is best completed in multidisciplinary referral centers with radiologists, pathologists, orthopedists, and medical oncologists experienced in treating bone sarcomas. Successful treatment requires both systemic chemotherapy and surgical resection. Osteosarcoma is not sensitive to radiation therapy at doses that would allow safe administration of systemic therapy, and therefore is reserved for select cases typically in a palliative setting for patients with incurable disease. Historically, metastatic disease recurrence was high and the long-term survival rate was low (<20%) in patients treated with surgery alone. Comparatively, 5-year overall survival rate 154is >60% for patients treated in the current era with chemotherapy and surgery and >70% for patients with localized osteosarcoma of the extremity.20 These findings indicate the presence of micrometastatic disease in the majority who present with localized disease at the time of diagnosis and support the routine use of chemotherapy in addition to surgery.

The most active chemotherapeutic agents include high-dose methotrexate, doxorubicin, cisplatin, and ifosfamide.21,22 While the specific combination or number of chemotherapeutic agents differs across protocols, most chemotherapy regimens use at least three of these four agents. Neoadjuvant chemotherapy is commonly administered as a three-drug combination of high-dose methotrexate, doxorubicin, and cisplatin (MAP). This regimen was agreed upon as the standard therapy for the pediatric EURAMOS-1 trial, based on a prospective, randomized trial performed by the COG.2,23 Repeat imaging at the conclusion of neoadjuvant chemotherapy prior to resection is useful for surgical planning, but has limited utility in assessing treatment response. Histologic response to neoadjuvant chemotherapy measured as percent tumor necrosis (Figure 11.5B) has historically been considered the most significant prognostic factor for disease-free and overall survival. This has been confirmed in contemporary series as well.2,4,24 Patients with <90% tumor necrosis after preoperative chemotherapy have more than double the risk of a subsequent event, whereas those with ≥90% tumor necrosis have a 5-year continuous disease-free survival rate of approximately 80%.2,25

For conventional osteosarcoma, limb-salvage surgery is feasible in >85% of patients without compromising overall survival when compared to amputation.26 If preoperative imaging does not demonstrate extensive neurovascular involvement or a massive soft tissue component precluding safe resection, the limb may be spared and reconstructed using a variety of techniques, including endoprosthesis, allograft–prosthetic composite, or rotationplasty. Intra-articular resection can usually be performed if an MRI does not demonstrate invasion into the joint space or along cruciate or collateral ligaments. In spine and pelvic cases, en bloc spondylectomy or hemipelvectomy are the surgical options depending on the extent of invasion of the epidural space and dura, hip joint, and nearby neurovascular structures. Other surgical considerations include the presence of pathologic fracture, potential remaining skeletal growth in children and resultant limb length discrepancies, and functional demands after the procedure.

In order to ensure negative bone margins, frozen sections are taken from the marrow margins and grossly evaluated by the pathologist. Whenever possible, bone margins of 1 to 3 cm are recommended, although subcentimeter margins may be acceptable in epiphyseal-sparing resections when the tumor border is clearly delineated on MRI. The adequate soft tissue margin is more difficult to discern; some studies report local recurrences are significantly decreased using ≥2 mm as a cutoff.27,28 Perhaps more important than an exact cutoff for an adequate margin is the response to chemotherapy, which may modulate aspects of the surgery performed and impact local control.

After resection of the primary tumor, patients typically resume adjuvant chemotherapy. While poor histologic response to neoadjuvant chemotherapy is a well-established prognostic factor, the role for modified postoperative chemotherapy for poor responders remains controversial. The concept of “tailoring” chemotherapy has been attempted since at least the 1970s, but early studies were difficult to interpret and relied upon neoadjuvant chemotherapy regimens that are no longer used.29 In subsequent series, the addition of ifosfamide and etoposide (I/E) to postoperative MAP chemotherapy for poor responders resulted in an improvement in disease-free survival.30 These and other studies showing the activity of I/E in osteosarcoma served as the basis for the trial design in EURAMOS-1 study in which patients with poor response to neoadjuvant MAP were randomized to either continue MAP alone or receive intensified postoperative chemotherapy with MAPIE. In this study, MAPIE failed to improve event-free survival among poor responders as compared to MAP and was associated with increased toxicity.31

The treatment of older adults with osteosarcoma warrants special consideration. In most series, older adults have a worse prognosis than children or young adults with osteosarcoma. However, curative intent treatment with combination chemotherapy and resection is warranted when feasible.32 Older adults often have difficulty tolerating the dose and intensity of the pediatric MAP chemotherapy regimen. High-dose methotrexate, in particular, can be difficult to administer in older adults due to the slow clearance of methotrexate and overlapping toxicities of mucositis with doxorubicin and nephrotoxicity with cisplatin.33 At several large sarcoma centers in the United States, adults are treated with neoadjuvant doxorubicin and cisplatin (AP) for up to four cycles, followed by resection and assessment of histologic treatment response. Patients with a favorable pathologic response go on to receive four cycles of adjuvant doxorubicin and ifosfamide (AI), omitting high-dose methotrexate. For patients with poor response, adjuvant chemotherapy consists of six cycles each of high-dose methotrexate and high-dose ifosfamide for up to 12 total cycles. This modified approach has been associated with improved disease-free survival among adults with poor response to neoadjuvant chemotherapy.34

155FOLLOW-UP

Strict adherence to long-term follow-up is critical for successful treatment. The NCCN and the COG provide guidelines for general timing for follow-up and disease surveillance depending on the tumor grade and pathologic diagnosis.35,36 Patients with high-grade osteosarcoma should be seen with posttreatment surveillance imaging every 3 months for the first 2 years after treatment, every 4 months in the third year, every 4 to 6 months in the fourth year, and every 6 months in the fifth year. Because late recurrence can be seen >10 years after the completion of treatment, consideration should be given to continuing disease surveillance every 12 months after 5 years. Surveillance imaging consists of radiographs and MRI of the primary bone, as well as chest imaging. Small subcentimeter nodules that are nonspecific are typically followed during surveillance with serial chest CT. Local recurrences are becoming less common with improved surgical technique and imaging, but have been reported in up to 10% of patients. They require wide local excision with negative margins, which sometimes can only be achieved with amputation in cases with extensive involvement.37 After 10 years, the risk of recurrence or secondary malignancy is significantly decreased, but long-term follow-up is still recommended to monitor the status of orthopedic implants and late effects of chemotherapy. Endoprostheses are subject to high rates of wear over time and may eventually fail owing to aseptic loosening, polyethylene wear, hardware breakage, or instability necessitating revision. Allograft constructs may also exhibit nonunion, resorption, or degenerative joint disease requiring total joint arthroplasty. Amputees typically need lifelong follow-up with prosthetists to maintain and adjust their prostheses.

Long-term follow-up is also needed to evaluate and treat the frequent treatment-related late effects of chemotherapy. Among childhood cancer survivors, survivors of bone tumors face the highest of risk of developing severe or potentially life-threatening chronic health conditions including renal impairment, cardiomyopathy, hearing loss, and ongoing musculoskeletal problems.38 Osteosarcoma survivors are at increased risk of doxorubicin-induced cardiac dysfunction and cardiomyopathy, which may require regular echocardiograms and evaluation of other cardiac risk factors. Renal impairment due to nephrotoxic chemotherapy such as ifosfamide and cisplatin may present many years after completion of therapy if potentiated by other nephrotoxic medications or other common causes of renal dysfunction such as hypertension, and therefore warrants ongoing monitoring of renal function, electrolytes, and blood pressure. Acute and long-term side effects from cisplatin include sensory neuropathy and ototoxicity; patients should undergo audiology evaluations prior to and during treatment and as clinically indicated. Secondary cancers including treatment-related myelodysplastic syndrome and acute myelogenous leukemia are infrequent but well described and have been specifically linked to alkylating agents and topoisomerase inhibitors.39

THERAPEUTIC APPROACH FOR METASTATIC DISEASE

The prognosis for patients with nonmetastatic conventional osteosarcoma has remained relatively constant since the introduction of chemotherapy, with a 5-year overall survival rate of roughly 65% to 75%.2,4 Conventional high-grade osteosarcoma has a high propensity to metastasize, which is clearly evident prior to the introduction of chemotherapy, whereas low-grade variants such as well-differentiated intramedullary and parosteal osteosarcoma generally have low metastatic potential and are typically treated with surgery alone. Patients who present with metastatic disease have a significantly worse prognosis, with reported 5-year survival rates of 30% to 50%.2,40 Approximately 10% to 20% of patients present with metastatic disease, which is most commonly in the lung, but can also manifest in the same bone as a skip lesion or other bones, and very rarely in lymph nodes. The initial preoperative treatment approach is the same as for patients with nonmetastatic disease, and the approach is with curative intent in those with resectable pulmonary metastases.

Relapse is seen in approximately 30% of patients with localized osteosarcoma and up to 80% of patients with primary metastatic disease. Importantly, a subset of patients with recurrent metastatic disease following the completion of primary therapy can achieve long-term remission or cure with surgery alone or in combination with additional chemotherapy. Prognosis in the recurrent metastatic setting depends upon the time to recurrence, location of disease, and the ability of achieving a second surgical remission. Among patients previously treated with neoadjuvant chemotherapy and surgery, the 5-year post-relapse survival rate is 35% for patients who relapsed >2 years from the initiation of treatment as compared to 14% for patients whose disease recurred in <2 years.41 Pulmonary metastasectomy results in 5-year overall survival rate of 25% to 40%, even following second, third, or subsequent 156recurrences for patients who achieve surgical remission with no evidence of disease.42,43 For patients with late disease recurrence, surgical resection alone is appropriate. For those patients with short-interval recurrence (i.e., <1 year from primary surgery), extensive, or borderline resectable disease, chemotherapy prior to or following surgery should be considered. While there are no well-controlled data demonstrating a survival benefit to adjuvant chemotherapy following pulmonary metastasectomy, this approach may prolong time to recurrence and potentially may cure. Neoadjuvant chemotherapy for oligometastatic disease has the added benefit of allowing for response assessment by imaging and tumor necrosis at the time of resection.

Chemotherapy is the treatment of choice for patients with recurrent unresectable disease where the prognosis remains exceedingly poor. A recent pooled analysis of seven negative Phase 2 trials from the COG and its predecessors demonstrated a 4-month event-free survival rate of only 12% in patients with unresectable disease.44 In addition to retreatment with the standard agents (particularly for those with a long disease-free interval), second-line regimens for recurrent metastatic disease include high-dose ifosfamide with or without etoposide, the combination of gemcitabine and docetaxel, or more recently, tyrosine kinase inhibitors (TKIs).21,45,46 The specific choice of second-line therapy depends upon the patient’s prior treatment and comorbid conditions. While there are no predominant recurrent targetable alterations in osteosarcoma, multitargeted TKIs that target vascular endothelial growth factor receptor (VEGFR) have shown efficacy in the recurrent metastatic setting. Single-agent sorafenib, targeting VEGFR-1, -2, -3, Raf kinase, and platelet-derived growth factor receptor (PDGFR), has modest activity in osteosarcoma with a median PFS of 4-months and a 6-month PFS rate of 29%.47 The addition of the mTOR (mammalian target of rapamycin) inhibitor everolimus to sorafenib also showed clinical activity (median PFS 5 months, 6-month PFS rate 45%), but failed to meet the study’s primary efficacy endpoint targeting a 6-month PFS rate of 50%.48 Regorafenib, an antiangiogenic TKI targeting VEGFRs as well as KIT, RET, RAF, BRAF, PDGFR, and fibroblast growth factor receptor (FGFR), has also shown activity in two recent placebo-controlled Phase 2 trials in metastatic osteosarcoma. In the French REGOBONE study, 17 of 26 (65%) patients treated with regorafenib were progression free at 8 weeks, as compared to zero of 12 patients receiving placebo.49 Findings from the U.S.-led SARC024 study were comparable, with an improvement in median PFS with regorafenib (3.6 vs. 1.7 months).50 Preliminary data for cabozantinib, which targets cMET, VEGFR2, AXL, and RET, also shows activity in patients with metastatic osteosarcoma.51

There has been a long-standing interest in the role of immune response and immunotherapy in osteosarcoma. Liposomal muramyl tripeptide-phosphatidylethanolamine (MTP-PE; also known as mifamurtide), a synthetic bacterial cell wall analog derived from bacille Calmette-Guerin (BCG) that activates macrophages and increases cytokines, was studied in a randomized trial. The addition of mifamurtide to standard MAP chemotherapy improved overall survival, but not event-free survival.23 A subset analysis of patients with primary metastatic disease enrolled on the same study showed a trend toward improvement in overall survival and event-free survival with the addition of mifamurtide; however, these differences were not statistically significant.52 These results led to its approval in Europe, Mexico, and several other countries, but not within the United States, and its role in the treatment of metastatic osteosarcoma remains controverted. As with other solid tumors, there has been a growing interest in the use of immune checkpoint inhibitors in osteosarcoma. In the SARC028 Phase 2 study of pembrolizumab, single-agent anti-PD-1 therapy demonstrated activity in specific soft tissue sarcoma cohorts, with 72% of advanced disease patients with undifferentiated pleomorphic sarcoma or liposarcoma achieving disease control (stable disease or partial response at 8 weeks). However, the response rate in osteosarcoma was low at 5% with disease control at 8 weeks seen in 32% (seven of 22 patients).53 A second study evaluating nivolumab with or without ipilimumab demonstrated higher response rates with the combination among patients with soft tissue sarcomas, but no responses were seen in the two patients with osteosarcoma (one nivolumab alone, other one nivolumab + ipilimumab).54 Based upon these initial clinical trials, further development of immune checkpoint inhibitors in bone sarcoma is focused on novel combinations.

LOW- AND INTERMEDIATE-GRADE OSTEOSARCOMA

Low-grade osteosarcoma may be intramedullary or parosteal, and is most commonly seen in the posterior aspect of the distal femur (Figure 11.6). Both forms are rare and may be difficult to distinguish from other ossified lesions such as heterotopic ossification, myositis ossificans, osteomyelitis, and other benign bone-forming lesions. Workup of other variants is the same as for conventional osteosarcoma, but treatment for low-grade lesions is wide local resection alone. Prognosis is excellent with reports of over 95% 157survival rate at 5 years, and local recurrence or metastasis is extremely rare, except in the setting of marginal or intralesional resection or areas of dedifferentiation.55,56 Local recurrence is managed with repeat wide excision and close surveillance. Areas of even small foci of dedifferentiation warrant treatment similar to conventional high-grade osteosarcoma with preoperative and postoperative chemotherapy, as dedifferentiated parosteal osteosarcoma is associated with a high risk of metastatic disease recurrence. Limited data exist for the treatment of intermediate-grade osteosarcoma, but the use of conventional chemotherapy comparable to the treatment of high-grade osteosarcoma is generally favored.
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FIGURE 11.6  Parosteal osteosarcoma. Lateral radiograph showing well-defined osteoid lesion.

Source: Used with permission from Behrang Amini, MD, Department of Diagnostic Radiology, The University of Texas MD Anderson Cancer Center.





CRANIOFACIAL OSTEOSARCOMA

Craniofacial osteosarcomas are a unique subset that deserves special mention, although only comprising about 10% of all osteosarcomas.57 Though similar to conventional osteosarcoma histologically, they have a favorable natural history and low metastatic potential. Treatment involves wide surgical resection, with or without radiation. Combined modality treatment with radiation therapy and surgery is associated with improved local control and overall survival as compared to surgery alone.58 The role of chemotherapy for craniofacial osteosarcoma remains controversial and is often reserved for patients with recurrent or unresectable disease. A recent meta-analysis concluded that chemotherapy improves survival in craniofacial osteosarcoma patients with adverse factors such as high-grade tumors, recurrent tumors, or those resected with positive margins.59

SUMMARY

Conventional osteosarcoma serves as the model for the diagnosis and management of high-grade bone sarcomas. Survival in patients with osteosarcoma dramatically improved with the addition of neoadjuvant and/or adjuvant chemotherapy to surgery >30 years ago and now remains the standard. For children and adults with conventional high-grade extremity osteosarcoma, treatment consists of neoadjuvant chemotherapy with a regimen containing cisplatin, doxorubicin, high-dose methotrexate, and/or ifosfamide; limb-sparing surgery; and adjuvant chemotherapy. Pathologic treatment response 158to neoadjuvant chemotherapy remains a significant prognostic factor; however, the role of modified postoperative chemotherapy in poor responders remains controversial and institution dependent. Following primary treatment, the lung is the most common site of metastatic disease recurrence. Resection of pulmonary metastasis should be pursued when complete resection is feasible. Using these treatment principles, a cure is attainable in the majority of patients with localized disease and a subset of patients with metastatic osteosarcoma. Unfortunately, in patients with recurrent unresectable disease, the prognosis remains poor and treatment options are limited. While VEGFR-targeted TKIs have shown clinical benefit, the use of immunotherapy including immune checkpoint inhibitors remains investigational and is the focus of ongoing clinical trials.

 





CASE STUDY

A 21-year-old male college student presents with a 2-month history of persistent left knee pain. Radiograph of the knee shows a mixed osteolytic and osteoblastic lesion of the distal left femur. Core biopsy reveals high-grade osteoblastic osteosarcoma. MRI of the left leg demonstrates a small soft tissue component. Results of routine laboratory studies are normal, except for serum alkaline phosphatase level of 250 IU/mL. Complete evaluation, including plain film and CT of the chest and radionuclide bone scan, reveals no evidence of metastatic disease. He is initiated on neoadjuvant chemotherapy including MAP. He then undergoes a limb-sparing procedure and placement of a femoral prosthesis. Pathology at resection demonstrates a favorable pathologic treatment response with 95% tumor necrosis. He goes on to complete additional adjuvant MAP chemotherapy, and his end of treatment studies including chest CT show no evidence of disease. He is followed with surveillance imaging every 3 months; at 2 years from the completion of primary therapy, he is found to have a solitary 2-cm left upper lobe calcified nodule. He undergoes thoracotomy and wedge resection with pathologic exam confirming metastatic osteosarcoma. Given the time to recurrence, he is dispositioned to surveillance and remains disease free at 10 years of follow-up.
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Chondrosarcomas constitute a heterogeneous group of malignant cartilaginous matrix-producing bone neoplasms with diverse morphologic features and clinical behavior. Following osteosarcoma, chondrosarcoma is the second most common primary bone tumor, accounting for 20% to 27% of primary bone malignancy. Chondrosarcomas range from indolent, nonmetastasizing lesions to highly aggressive metastasizing sarcomas. Prognosis highly depends on the histologic grade of malignancy. Chondrosarcoma is poorly treatable because it is highly resistant to chemotherapy and radiation therapy. Surgical resection remains the “gold standard” for the treatment of localized chondrosarcoma. Owing to lack of effective treatment, the clinical management of advanced chondrosarcomas is exceptionally challenging. Future studies should further explore the utility of these candidate molecular targeted therapies in advanced chondrosarcoma patients. This chapter presents the classification, clinical characteristics, and therapeutic options of all subtypes of chondrosarcomas, as well as the emerging novel therapeutic targets.
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INTRODUCTION

Chondrosarcomas constitute a heterogeneous group of malignant cartilaginous matrix-producing bone neoplasms with diverse morphologic features and clinical behavior.1 Following osteosarcoma, chondrosarcoma is the second most common primary bone tumor, accounting for 20% to 27% of primary bone malignancy.2 The incidence of chondrosarcoma steadily increases with age, with a peak incidence in the fifth to seventh decades and a slight male predominance. The most commonly involved sites are the bones of the pelvis, followed by the femur, humerus, and ribs.1 Most of the chondrosarcomas are sporadic, but they may develop from malignant transformation of two benign cartilaginous bone tumors, osteochondromas and enchondromas. Chondrosarcomas that arise de novo are called primary chondrosarcomas, while those superimposed on preexisting cartilaginous neoplasms such as enchondroma or osteochondroma are referred to as secondary chondrosarcomas.3 The cornerstone of the management of localized chondrosarcomas is surgical resection. The majority of chondrosarcomas grow slowly and rarely metastasize, and they have an excellent prognosis after adequate surgery. However, chondrosarcomas tend to recur following the initial tumor resection and over 10% of recurrent chondrosarcomas are of a higher grade than the original neoplasm.3 Many patients will eventually develop metastatic disease, which is nearly uniformly fatal in the absence of effective systemic therapy. The clinical challenge is to prevent recurrence and to find better treatment options for unresectable or metastatic disease. Here is a review of the classification, clinical characteristics, and therapeutic options of different subtypes of chondrosarcomas (Table 12.1), as well as the emerging novel therapeutic targets for this malignancy.

HISTOPATHOLOGIC FEATURES

Pathologic subgroups include conventional and nonconventional chondrosarcomas; 85% to 90% of chondrosarcomas are conventional type, which can be subdivided into the central, peripheral, and periosteal subgroups according to the osseous location in the bone. The vast majority (>85%) are central chondrosarcomas, which arise within the intramedullary space. Primary central chondrosarcoma typically affects patients older than 50 years. Pelvis, proximal femur, proximal humerus, distal femur, and ribs are the most frequently involved sites. Secondary central chondrosarcoma develops as malignant transformation of enchondroma (very rare) or enchondromatosis, such as Ollier disease or Maffucci syndrome. Patients with Ollier disease and Maffucci syndrome have a 25% to 30% risk of developing chondrosarcoma.4 Peripheral chondrosarcoma (up to 15%) develops from the surface of bone, generally from the cartilage cap of preexisting osteochondromas. These are, therefore, referred to as secondary peripheral chondrosarcoma.5 Osteochondromas are cartilaginous-capped bony projections and usually occur on the external surface of long bones, tibial, and femoral bone, around the knee. Malignant transformation occurs in 5% of cases of osteochondromas, either solitary or multiple form.6 In addition, a minority (<1%) occur at the surface of bone, and are possibly of periosteal origin and designated as periosteal chondrosarcoma. This type tends to affect younger adults more often than other conventional types. The metaphyseal regions of long bones, especially the femur and the humerus, are most commonly affected.

Histologically, conventional chondrosarcoma is subdivided as grade I, II, and III (low, intermediate, and high grade) by hematoxylin and eosin (H&E) staining based on cellularity, matrix protein, and mitoses. Histopathologic grading is more related to tumor aggressiveness and disease prognosis. Grade I chondrosarcoma, now reclassified as an atypical cartilaginous tumor, shows low cellularity and is locally aggressive, but typically does not metastasize. Grade II and grade III conventional chondrosarcomas show increased cellularity with mitoses and reduced cartilaginous matrix, and a corresponding increase in metastasizing capacity alongside poor patient survival.7 Approximately 90% of conventional chondrosarcomas are low to intermediate grade (grade I–II) and behave indolently and rarely metastasize. Only 5% to 10% of conventional chondrosarcomas are grade III and have high metastatic potential.8 The main site of metastatic disease is lung, while the regional lymph nodes and liver are much less commonly involved.2
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163Nonconventional chondrosarcomas are some specialized types with distinctive microscopic and clinical features, including dedifferentiated, mesenchymal, clear cell, and myxoid chondrosarcoma. They together constitute 10% to 15% of all chondrosarcomas. Dedifferentiated chondrosarcoma is a highly malignant variant of chondrosarcoma and accounts for up to 10% of all chondrosarcomas. The age of presentation is a decade older than that for conventional chondrosarcoma. It is characterized by two distinct histopathologic components: a well-differentiated lesion or chondrosarcoma (usually low grade) sharply juxtaposed with a high-grade, noncartilaginous component, which most frequently exhibits features of osteosarcoma, fibrosarcoma, or undifferentiated pleomorphic sarcoma.7,9 Mesenchymal chondrosarcoma is considered high-grade tumor type and accounts for approximately 3% of chondrosarcomas. It is characterized by a biphasic histologic pattern of undifferentiated small round cells admixed with islands of well-differentiated cartilage.3,10 The small cell component shows positive staining for SOX9 and negativity for FLI-1, which often helps in the differential diagnosis from Ewing sarcoma.10 HEY1–NCOA2 fusion gene has also been described in this subtype as a marker of diagnostic utility.11 Clear cell chondrosarcoma is a variant of conventional chondrosarcoma behaving as low-grade malignant bone tumor and involves a younger population than the conventional type. It accounts for about 2% of all chondrosarcomas, demonstrating tumor cells with clear, empty cytoplasm in addition to hyaline cartilage.7,8 Loss of p16 protein has been reported in patients with clear cell chondrosarcomas.12 Extraskeletal myxoid chondrosarcoma is a slow-growing soft tissue tumor containing prominent myxoid material, but it is considered a misnomer because it lacks cartilaginous differentiation.13

CLINICAL PRESENTATION AND DIAGNOSTIC EVALUATION

Pain is nearly always present and is usually insidious, progressive, worse at night, and present for months to years prior to the patient seeking care. A palpable mass is frequently seen. Some patients present with pathologic fracture.14 Tumors located in the skull base can cause neurologic symptoms. Plain radiography is used for initial evaluation, which allows the identification of the cartilaginous nature and aggressiveness of the lesion. CT and MRI are essential for the determination of the extent of the intraosseous and soft tissue involvement preoperatively. Tissue biopsy by an experienced surgeon or interventional radiologist is essential to diagnose and differentiate the lesion from another malignant bone tumor.

TREATMENT

The radiologic and histopathologic classifications in relation to the clinical symptoms, medical history, and performance status are important for treatment decisions. Surgical treatment is the only option for curative therapy. Low-grade chondrosarcoma confined to the bone can be managed by extensive intralesional curettage with local adjuvant treatment such as phenolization or cryosurgery, followed by filling the cavity with bone graft.3,15,16 For intermediate- and high-grade chondrosarcoma, wide en bloc excision is the preferred surgical treatment.3,17 Tumors with intra-articular or soft tissue involvement, larger tumors, and axial or pelvic tumors must be treated with wide excision. However, in the event of tumor location at a nonresectable site, such as in the skull or pelvis, or a metastatic disease, there is no curative treatment.

In general, chondrosarcoma is relatively resistant to conventional chemotherapy and radiation therapy, possibly because of the low mitotic fraction of cells and restricted drug penetration as a result of the abundant extracellular matrix and poor vascularity.18 Chemotherapy is effective in mesenchymal chondrosarcoma10 but has limited value in dedifferentiated chondrosarcoma. Patients with primary mesenchymal chondrosarcoma are treated with an adult, small cell sarcoma regimen (see Chapter 13, Rhabdomyosarcoma) such as vincristine 2 mg, doxorubicin 75 to 90 mg/m2 (over 72-hour infusion or bolus with dexrazoxane), and ifosfamide 10 g/m2 (divided over 4–5 days with mesna uroprotection) 164for six to eight cycles. On the other hand, primary dedifferentiated chondrosarcoma patients are generally approached like a poor-risk osteosarcoma (see Chapter 11, Osteosarcoma) using doxorubicin plus cisplatinum 90 to 120 mg/m2 intra-arterially (or intravenously [IV]), followed by high-dose ifosfamide 14 g/m2 for six cycles and high-dose methotrexate 12 g/m2 for six cycles. These agents are active in the metastatic setting as well. Radiation therapy can be considered after incomplete resection or if resection is not feasible or would cause unacceptable morbidity. However, doses >60 Gy are needed in attempts to achieve local control after incomplete resection. Unfortunately, application of this high-dose radiation therapy with conventional photon therapy is often not feasible, especially in chondrosarcomas arising in the skull base and axial skeleton. Irradiation with protons or other charged particles seems beneficial in this situation.3,19 Follow-up scans are extremely important for chondrosarcoma to make sure there has been no recurrence or metastasis.

PROGNOSIS

Prognosis highly depends on the histologic grade of malignancy. For conventional central chondrosarcoma, the 5-year survival rate by grade was 89% for patients with grade 1 and 57% for the combined group of patients with grades 2 and 3.4 The prognosis for patients with conventional periosteal chondrosarcoma is favorable compared to that of central type. The overall 5-year metastasis-free survival rate is approximately 83%.4 Most of the conventional peripheral chondrosarcomas are low grade and the overall prognosis is good, with long-term survival found in 70% to 90% of patients.4 However, despite adequate wide surgical resection and adjuvant systemic therapy, the prognosis for patients with a primary dedifferentiated chondrosarcoma is poor, with the 5-year survival rate reported to be between 7% and 24%.9 Mesenchymal chondrosarcoma shows a strong tendency toward late local and metastatic recurrences. Despite a potentially prolonged clinical course, the outcome for these patients ultimately appears to be poor, with reported 10-year survival rate in the range of 27% to 67%.10

NOVEL THERAPEUTIC APPROACHES

Novel therapeutic approaches for patients with unresectable or metastatic disease are urgently needed. Current research focuses on elucidating the molecular events underlying the pathogenesis of chondrosarcoma and aiming at the development of new molecularly targeted therapies. The emerging pharmaceutical targets in chondrosarcoma include IDH mutation, phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin (mTOR), angiogenesis, and Hedgehog (HH) pathway.

Targeting IDH Mutations

Isocitrate dehydrogenases (IDHs) are enzymes involved in tricarboxylic acid cycle (TCA) that catalyze the oxidative decarboxylation of isocitrate into alpha-ketoglutarate (alpha-KG). Mutant IDHs lose the capacity to convert isocitrate to alpha-KG, and instead gain a new function of reducing alpha-KG to an oncometabolite, D-2-hydroxyglutarate (D-2HG). IDH mutations have been observed in a variety of tumors including cartilaginous tumors.20 Intriguingly, these mutations are present in 87% of benign enchondromas, 38% to 70% of primary conventional central chondrosarcomas (central and periosteal), and 54% of dedifferentiated chondrosarcomas, but not in clear cell or mesenchymal chondrosarcomas.20,21 Therefore, IDH mutation represents a new common genetic abnormality in chondrosarcomas, indicating a potential role of this mutation in the pathogenesis of chondrosarcomas. The exact mechanism by which IDH mutation and D-2HG causes tumor formation is unknown, although increasing evidence points toward epigenetic mechanisms. The emerging concept is that the accumulated D-2HG competitively inhibits the function of alpha-KG–dependent dioxygenases involved in DNA and histone demethylation, which leads to a hypermethylation status of genome that affects the gene expression required for cellular differentiation.22 Inhibitors of mutant IDH1, IDH2, or both have been developed and evaluated in preclinical and clinical studies as single agents and in combination with other anticancer agents and have shown promising clinical benefits in some cancer types.23,24 It has been reported that a mutant IDH1 inhibitor showed antitumor activity in chondrosarcoma cell lines.25 Mutant IDH1 inhibitor AG-120 (NCT02073994), IDH2 inhibitor AG-221 (NCT02273739), and pan-IDH inhibitor AG-881 (NCT02481154) are currently being evaluated in patients with advanced IDH-mutant solid tumors including chondrosarcoma (Table 12.2).
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166Targeting PI3K/AKT/mTOR Pathway

The PI3K/AKT and the mTOR signaling pathways both contribute to a variety of cellular processes including nutrient uptake, anabolic reactions, cell growth, and survival.26 They are so closely interconnected that, in a certain sense, they could be regarded as a single, unique pathway. This pathway is initiated by ligand activation of receptor tyrosine kinases (RTKs) such as insulin-like growth factor 1 receptor (IGF-1R) and platelet-derived growth factor receptor (PDGFR). Activation of this pathway results in a profound disturbance of control of cell growth and survival, which ultimately leads to a competitive growth advantage, metastatic competence, angiogenesis, and therapy resistance.27 Targeting the components of this complex signaling pathway, such as IGF-1R, PI3K/AKT, or mTOR, has been taken into consideration as one of the most attractive targets for the development of anticancer agents. Several drugs such as the IGF-R inhibitor, linsitinib (NCT01560260), the PI3K/AKT inhibitor, perifosine (NCT00401388), and mTOR inhibitors, sirolimus (NCT02821507) and ABI-009 (nab-sirolimus) (NCT03190174), are currently being evaluated in chondrosarcoma patients (Table 12.2). Intriguingly, a combination of sirolimus and low-dose daily cyclophosphamide in patients with advanced conventional chondrosarcomas has shown meaningful clinical activity with a disease control rate of 70%.28 A Phase 2 trial is further evaluating the efficacy of these two drugs in metastatic or unresectable myxoid liposarcoma and chondrosarcoma (NCT02821507; Table 12.2).

Targeting Angiogenesis

To support the high proliferative rate of cancer cells, tumors need to rapidly develop a new vascular network to meet the demand of nutrients and oxygen. Angiogenesis refers to the formation of new blood vessels from preexisting vasculature. It is a hallmark of cancer and plays a crucial role in tumor progression and metastasis.29,30 Numerous inducers of angiogenesis have been identified, including the members of the vascular endothelial growth factor (VEGF) family, angiopoietins, transforming growth factors (TGFs), platelet-derived growth factor (PDGF), tumor necrosis factor-alpha (TGF-alpha), interleukins, and the members of the fibroblast growth factor (FGF) family.31 Of these, VEGF was the first characterized vascular-specific growth factor and is one of the most critical drivers of tumor angiogenesis.32 A few pharmacologic agents against angiogenesis that disrupt tumor vascular supply have been developed. Targeting VEGF and its cognate receptor (VEGFR) signaling seems to be the most effective in preclinical and clinical settings. A number of preclinical studies have shown clinical benefits of targeting angiogenesis in chondrosarcomas.2 Pazopanib is a multitargeted tyrosine kinase inhibitor, with activity against VEGFR-1, -2, -3; PDGF receptors alpha and beta (PDGFR-alpha, -beta); and c-kit.33 A Phase 2 trial recently reported pazopanib had clinically meaningful antitumor activity in patients with progressive and advanced extraskeletal myxoid chondrosarcoma and could be considered a suitable option after failure to respond to first-line chemotherapy in these patients.34 It is currently being evaluated in patients with unresectable or metastatic chondrosarcoma (NCT01330966; Table 12.2). Regorafenib is a multi-kinase inhibitor that targets angiogenic, stromal, and oncogenic RTKs. Regorafenib shows antiangiogenic activity mainly due to its dual inhibition of VEGFR2 and tyrosine kinase with immunoglobulin and epidermal growth factor homology domain 2 (TIE2), an angiopoietin receptor.35 This drug is currently being evaluated in a Phase 2 clinical trial on patients with advanced sarcoma including chondrosarcoma (NCT02389244; Table 12.2).

Targeting the HH Pathway

The HH pathway plays essential roles in the regulation of many fundamental processes in vertebrate embryonic development, including stem cell maintenance, cell differentiation, tissue polarity, and cell proliferation.36 When the HH ligands bind to the canonical membrane protein Patched (Ptc), the suppression of Smoothened (Smo) by Ptc is relieved. Smo is then stabilized and mediates activation of the GLI transcription factor and consequent expression of HH-target genes to initiate a series of cellular responses.37 Chondrogenesis is regulated by the Indian HH (IHH)/parathyroid hormone-related peptide (PTHrP) feedback loop. Aberrant activation of this pathway leads to constant signals from IHH, which induce chondrocyte proliferation and secretion of PTHrP that mediates inhibition of chondrocyte differentiation and apoptosis.38 Tiet et al. reported that constitutive IHH signaling upregulates chondrosarcoma cell proliferation.39 Therapeutic targeting of this pathway in chondrosarcoma with an SMO inhibitor vismodegib (GDC-0049) has been investigated in clinical trials, but results look discouraging.40 A Phase 2 study of vismodegib in patients with advanced chondrosarcomas is still active, but not recruiting patients (NCT01267955; Table 12.2).

Other Targeted Treatments

In addition to the targets described above, other attractive therapeutic interventions include immunotherapy, histone deacetylase (HDAC) inhibitors, integrin-receptor antagonists, microRNAs (miRNAs), 167and so on. Kostine et al. reported the presence of PD-L1 expression in association with immune-infiltrating cells and HLA class I expression in nearly 50% of the dedifferentiated chondrosarcomas, which provides rationale for including these patients in clinical trials with immunotherapies.41 Advanced chondrosarcomas are currently included in the following clinical trials of immunotherapeutic drugs: combination of a PD-1 inhibitor, nivolumab, and a CTLA4 inhibitor, ipilimumab (NCT02982486); autologous tumor-infiltrating lymphocyte LN-145, which is made by collecting and growing specialized white blood cells from the patient’s tumor (NCT03449108), and recombinant humanized anti-PD-1 monoclonal antibody, toripalimab (NCT03474640). Moreover, as mediators of a wide spectrum of cancer cell activities, integrins represent an attractive target for cancer therapy. Our recent study showed that deregulation of integrin receptor-mediated processes contribute to the tumorigenicity of IDH1-mutant chondrosarcoma cells,42 suggesting that integrin-receptor antagonists are appealing candidates for combinatorial regimens with mutant IDH inhibitors for chondrosarcomas that harbor IDH mutation.

SUMMARY

Chondrosarcomas are a heterogeneous group of tumors with highly diverse features and behavior patterns, ranging from indolent, nonmetastasizing lesions to highly aggressive metastasizing sarcomas. Prognosis highly depends on the histologic grade of malignancy. Chondrosarcoma is poorly treatable because it is highly resistant to chemotherapy and radiation therapy. Surgical resection remains the “gold standard” for the treatment of localized chondrosarcoma. Owing to lack of effective treatment, the clinical management of advanced chondrosarcomas is exceptionally challenging. The past few years’ research that focused on elucidating the molecular events underlying the pathogenesis of chondrosarcoma has led to the identification of several new potential therapeutic targets such as IDH mutation, PI3k/AKT/mTOR, angiogenesis, HH pathway, and immunotherapy. Future studies should further explore the utility of these candidate molecular targeted therapies in advanced chondrosarcoma patients.

 





CASE STUDY

A 45-year old woman develops a painful right hip that interferes with her ability to ride her bicycle and requires daily analgesics. She is evaluated by her primary care physician, who orders a plain x-ray exam that reveals a lytic lesion. She is referred to an orthopedic surgeon, who evaluates the x-ray and obtains an MRI of the right hip with and without contrast. These studies show a mass occupying the ischium and surrounding the right acetabulum, but no extraosseous extension. The patient is then referred to an orthopedic oncologist who reviews her case and performs a biopsy of the pelvic mass that is subsequently reviewed by a sarcoma pathologist who determines the lesion is most consistent with a conventional chondrosarcoma. The patient has a follow-up appointment with the orthopedic oncologist to discuss the results and treatment options. Unfortunately, the only oncologic resection possible is an external hemipelvectomy with amputation of the right leg. The patient decides to seek a second opinion at a sarcoma center.

Upon evaluation by a sarcoma medical oncologist, the patient is considered for clinical trials because there is no standard chemotherapy that is effective against conventional chondrosarcoma. A recently opened clinical trial of an inhibitor of mutant IDH is available for the patient, but requires the presence of mutant IDH. Internal molecular testing identifies the presence of mutant IDH-1 that is targetable by the clinical trial agent. Once enrolled in the clinical trial, the patient reports no adverse events as well as the disappearance of pain and ability to ride her bicycle without discomfort. The patient continues this therapy for >2 years, with MRI showing decrease in tumor volume by 80% over this time interval.
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Rhabdomyosarcoma (RMS) is a soft tissue sarcoma composed of small round cells and spindle cells of unknown origin mimicking the striated aspect of skeletal muscle. RMS is traditionally classified into embryonal, alveolar, and pleomorphic subtypes. The spindle cell/sclerosing subtype, once considered a variant of embryonal subtype, is now a distinct fourth subtype according to the 2015 World Health Organization classification. Being the most common soft tissue sarcoma and the third most common extracranial solid tumor after neuroblastoma and Wilms tumor in children, RMS is generally considered a pediatric tumor. With the combined use of chemotherapy, radiation therapy, and surgery, 80% of patients with localized disease remain alive at 5 years. Management of adult RMS is still extrapolated from pediatric protocols, despite several studies showing distinct biologic and clinical disease patterns. This chapter discusses the diagnostic approach, pathology, staging, prognostic factors, and treatment of RMS.
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INTRODUCTION

Rhabdomyosarcoma (RMS) is a soft tissue sarcoma composed of small round cells and spindle cells of unknown origin mimicking the striated aspect of skeletal muscle, thus the Greek prefix “rhabdo” meaning rod shape. RMS is traditionally classified into embryonal, alveolar, and pleomorphic subtypes. The spindle/sclerosing subtype, once considered a variant of embryonal subtype, is now a distinct fourth subtype according to the 2015 World Health Organization (WHO) classification. Being the most common soft tissue sarcoma and the third most common extracranial solid tumor after neuroblastoma and Wilms tumor in children, RMS is generally considered a pediatric tumor.1 With the combined use of chemotherapy, radiation therapy (RT), and surgery, 80% of patients with localized disease remain alive at 5 years. Conversely, the 5-year overall survival (OS) rates seldom exceed 30% in patients with metastatic disease.2 On the other hand, 40% of RMS cases occur in adults. Management of adult RMS is still extrapolated from pediatric protocols, despite several studies showing distinct biologic and clinical disease patterns. More studies are needed in this specific patient population in order to improve the outcomes of this rare and heterogeneous disease.

EPIDEMIOLOGY

Incidence

RMS is a rare tumor that accounts for 4% of childhood malignancies and about 3% of all adult soft tissue sarcomas in the United States. According to the Surveillance, Epidemiology, and End Results (SEER) database, 350 new cases are diagnosed each year in the United States and the annual incidence of RMS in children and adults younger than 20 years of age is around 4.3 cases per 1 million. The French Sarcoma Group published one of the largest prospective cohorts performed in a multicenter setting at a national level for adult RMS. The estimated incidence of adult RMS was around 0.9 case per million per year.3

Half the cases occur in children under the age of 10, while 40% of them affect adults. Incidence of pediatric RMS is highest between the ages of 2 and 6 years, and 10 and 18 years. Adult RMS usually occurs between the third and seventh decades of life. Embryonal RMS (E-RMS) affects approximately four cases per 1 million children younger than 4 years of age. It is less frequent in adolescents and very rare in adults. Incidence of alveolar RMS (A-RMS) is around one per 1 million children and adolescents. Pleomorphic RMS (P-RMS) occurs in <2% of children, but is the second most frequent entity in the adult population (19%).

There is a slight male predominance in children with a male to female ratio between 1.3:1 and 1.5:1 that varies according to the histologic subtype (E-RMS being more common in males, while A-RMS is gender independent) and tumor location (predominance of genitourinary [GU] tract and orbital tumors in males and females, respectively). On the other hand, the incidence of RMS is equivalent between male and female adults.

In addition to being gender dependent, tumor location also varies with age. Children more often present with GU tract, orbital, and head and neck tumors that are almost always of the embryonal type. Adolescents and adults experience more extremity, truncal, and paratesticular tumors that are frequently of the alveolar type.

Incidence of RMS is slightly higher in black patients between 15 and 19 years of age, compared to white patients. It is lowest in the Asian population.4 No geographic distribution has been reported.

172Risk Factors

There is a lack of solid data concerning risk factors. Some studies suggested a higher incidence of RMS in patients previously exposed to alkylating agents or to radiation in utero, those with accelerated in utero growth, children from families with a low socioeconomic status, those who received antibiotics soon after birth, and those whose parents used recreational drugs (marijuana or cocaine) during pregnancy.5–7 Other studies suggest a protective role for higher birth order, immunizations, and immune-related factors (allergies, atopy, day-care attendance, breastfeeding for 12 or more months).8–10

Inherited Syndromes

Most cases of RMS are sporadic; however, Zhang et al. identified germline pathogenic or probably pathogenic mutations by next-generation sequencing in 7% of children with RMS.11 In another study by Ruymann et al., congenital abnormalities were found in 37 of 115 (32%) children and adolescents autopsied with RMS. These patients also had an increased incidence of congenital malformations affecting the central nervous system (CNS) or GU, cardiovascular (CV), and gastrointestinal (GI) systems.12 The following hereditary syndromes have a higher incidence of RMS:



  •  Li–Fraumeni syndrome: Inactivating germline mutations of the p53 tumor suppressor genes predispose patients to a spectrum of cancers, including soft tissue sarcomas.13 Incidence of RMS in this setting may be greatest among children under 3 years of age, who should therefore be screened for germline p53 mutations.14 In addition, patients with Li–Fraumeni syndrome usually develop anaplastic forms of RMS.15

  •  Beckwith–Wiedemann syndrome: This hereditary disease shares the same chromosomal abnormalities (11p15, the locus for the IGF-2 gene) with certain pediatric tumors such as RMS, hepatoblastoma, Wilms tumor, and adrenocortical carcinoma.16

  •  Costello syndrome: In addition to postnatal growth retardation, macrocephaly, coarse facies, loose skin, nonprogressive cardiomyopathy, developmental delay, and papillomas, the presence of a mutation in the HRAS proto-oncogene predisposes patients to several tumors including RMS, epithelioma, bladder carcinoma, and vestibular schwannoma.17–22

  •  Neurofibromatosis: Incidence of RMS is 20 times higher compared with the general population.23

  •  DICER1 syndrome: In this autosomal dominant, pleiotropic, tumor-predisposition disorder resulting from a germline DICER1 gene mutation, there is an increased risk for GU E-RMS.24,25

  •  Rubinstein–Taybi syndrome: predisposes to neural and developmental tumors including nasopharyngeal RMS.26,27

  •  Gorlin basal cell nevus syndrome: There are several case reports of RMS associated with this syndrome, a rare autosomal dominant, inherited disorder that is characterized by development of basal cell carcinomas from a young age.28,29

CLINICAL PRESENTATION

RMS presents with variable signs and symptoms according to tumor location, patient age, and presence or absence of metastases. While a painless enlarging mass is easily palpated in the head and neck or the limbs, diagnosis of parameningeal or retroperitoneal RMS can be challenging.

Head and Neck Primary RMS

This is the most frequent primary tumor site (35%–40% of cases). Tumors can arise in the orbit (25%) resulting in proptosis or diplopia, in parameningeal sites (middle ear, nasal cavity, paranasal sinuses, nasopharynx, and infratemporal fossa; 50%) resulting in nasal obstruction or cranial nerve palsies, as well as in other head and neck locations (25%).30 E-RMS predominates and lymph node (LN) involvement is infrequent.31

GU Tract

Twenty-five percent of RMS occurs in the GU tract. Embryonal subtype is predominant with specific occurrence of the botryoid variant. Bladder tumors cause hematuria and urinary obstruction. Prostate tumors present as large pelvic masses resulting in obstructive and irritative urinary symptoms, as well as constipation and bowel obstruction. Vaginal tumors may produce a mucosanguineous discharge in young girls, along with a protruding polypoid mass. Older girls present with cervical and uterine tumors. A painless scrotal or inguinal mass may be reported in boys with paratesticular RMS.32 More than half of these boys older than 10 years of age have nodal involvement.33

173Extremities

Twenty percent of RMS cases present as a bulging, nontraumatic, nontender mass in the extremities, with or without skin erythema. They mainly occur in adolescents, spread to LNs (50%) and along fascial planes, and are of the alveolar subtype (50%–75%).

Metastatic Disease

Metastatic disease is identified in <25% of patients at diagnosis. The most frequent metastatic site is the lung (50%). Patients with metastatic disease to the bones (30%) may present with skeletal-related events. Bone marrow involvement occurs in 30% of cases and results in cytopenias leading to a false diagnosis of leukemia. Other metastatic sites include the omentum (16%) and the pleura (13%). Visceral and brain metastases are rare.34–37

DIAGNOSTIC APPROACH

Biopsy

In patients with a suspicious mass, an open or core-needle biopsy is needed to establish the diagnosis. Whenever there is a suspicion for sarcoma, the patient should be referred to an expert center and the case displayed at the multidisciplinary tumor board. A surgical biopsy should be performed by an experienced sarcoma surgeon to prevent dissemination of tumor cells. An alternative to this method is a 14-gauge core-needle biopsy performed by an experienced interventional radiologist. The diagnostic material should be reviewed by a pathologist with an expertise in this domain, which ensures proper tissue processing and allows for special cytogenetic and molecular studies necessary for diagnosis and classification.

Imaging Workup

Imaging of the primary tumor site varies according to the tumor location and may include the following:



  •  Plain x-ray studies to identify calcifications and bone involvement of the primary tumor

  •  CT scan to serve as a baseline for future evaluations and to assess for bone erosions

  •  MRI, which evaluates local extension more accurately than CT scan in orbital, paraspinal, and parameningeal locations

Once the pathologic diagnosis of RMS is established, the following imaging exams should be performed to rule out metastatic disease:



  •  CT scan of the chest to identify secondary lung lesions

  •  CT scan or ultrasound of the liver in patients with abdominal and pelvic primary tumors

  •  99Tc bone scan to identify bone metastases

  •  Spinal and pelvic MRI to search for bone marrow involvement and guide subsequent biopsies

  •  18-Fluorodeoxyglucose (18-FDG) PET-CT scan to search for regional nodal involvement as well as metastatic disease, especially to the bone; also to assess early response to chemotherapy

  •  Brain MRI in patients with neurologic symptoms

Laboratory Workup

Laboratory studies may reveal abnormalities in favor of metastatic diseases and are necessary to assess the patient’s condition before starting treatment. They include the following:



  •  Complete blood count (CBC) to search for inflammatory anemia or other cytopenia

  •  Renal and liver function exams

  •  Albumin: to evaluate the nutritional status

  •  Urinalysis: to detect hematuria in RMS of the GU tract

Other Diagnostic Exams

Cooperative group studies often require a full metastatic workup, namely a CT of the chest, a bone scan, and bilateral bone marrow aspiration and biopsy to rule out marrow involvement. However, because the overall incidence of metastatic disease is low, a risk-oriented rather than disease-oriented staging strategy is currently being adopted. In fact, the most important factors that predict metastatic disease are nodal involvement, tumor invasiveness (>5 cm), and tumor histology (fusion-positive [FP] disease). 174Weiss et al., from the Children’s Oncology Group (COG) soft tissue sarcoma committee, showed that the risk of bone and bone marrow metastases is <1% in a retrospective analysis of 955 fusion-negative (FN) RMS patients without nodal or lung involvement.38 Therefore, in selected children (tumors <5 cm, FN RMS, no evidence of nodal disease), omission of bone marrow biopsy is acceptable.

On the other hand, lumbar puncture and cerebrospinal fluid analysis could be solely performed in parameningeal disease.

Despite the data mentioned above, lumbar puncture for cerebrospinal fluid cytology in parameningeal tumors and bone marrow aspiration and biopsy remain “mandatory” in pediatric RMS. However, this is not the case in adult patients. These explorations are limited to symptomatic adult patients with suspicion of CNS or marrow involvement.

Cardiac ultrasound or nuclear medicine test is recommended before initiating chemotherapy with anthracyclines in order to establish a baseline ejection fraction.

Genetic counseling should be considered in younger patients with anaplastic features at diagnosis or in those with a family history of malignant disease.

PATHOLOGY

Morphologic analysis of fixed, paraffin-embedded biopsy tissue samples establishes the diagnosis of RMS which is characterized by the presence of muscle differentiation features. The latter is further classified into embryonal, alveolar, and pleomorphic subtypes. Cytologic material is generally insufficient to confirm diagnosis.39 Immunohistochemistry (IHC) confirms the diagnosis by using specific antibodies that detect antigens involved in myogenic differentiation. Molecular biology using fluorescent in situ hybridization (FISH) as well as reverse transcriptase-polymerase chain reaction (RT-PCR) assays when FISH is unavailable or uninformative is a complementary diagnostic tool whenever morphologic diagnosis is difficult to obtain. In addition, it may detect chromosomal and molecular abnormalities with prognostic implications. Currently, FISH, next-generation sequencing, or RT-PCR for FOXO1 rearrangement is performed on all RMS tumors, regardless of the histology.

Morphology

RMS is composed of small round blue cells that resemble other pediatric tumors such as lymphoma, small cell osteosarcoma, mesenchymal chondrosarcoma, and Ewing sarcoma. Identification of rhabdomyoblasts or cross striations that are characteristic of skeletal muscle on light microscopy is necessary to classify a tumor as RMS. Tumor architecture helps determine the histologic subtype: while small round cells grow in cohesive sheets in E-RMS, they are typically detached in A-RMS. In the botryoid variant of E-RMS, there is a typical cambium layer composed of dense subepithelial rhabdomyoblast aggregates. A-RMS cells line up along thin membranes similar to the lung alveoli. In addition, P-RMS encompasses malignant large spindle cells oriented in fascicles (Figures 13.1–13.3).
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FIGURE 13.1  Embryonal rhabdomyosarcoma with tight sheets of small round cells.
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FIGURE 13.2  Alveolar rhabdomyosarcoma with loose aggregates of small round cells.
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FIGURE 13.3  Pleomorphic rhabdomyosarcoma with fascicles of large spindle cells.





Immunohistochemistry

Muscle-specific proteins such as actin (95% of RMS), myosin, polyclonal desmin (99% of RMS), myoglobin (78% of RMS), Z-band protein, and myogenic differentiation 1 (MyoD1) can be identified by IHC.40,41 Myogenin, present in 95% of tumors, is more often expressed in A-RMS and is an independent marker of poor survival in the pediatric setting.42,43

Cytogenetics and Molecular Biology

Molecular studies such as RT-PCR and FISH identify characteristic fusion proteins in ambiguous cases, especially in A-RMS where FISH for FOXO1 rearrangement became a necessary test to confirm diagnosis based on the recommendations of the Soft Tissue Sarcoma Committee of the COG. Nowadays, FISH or RT-PCR for FOXO1 rearrangement is performed on all RMS tumors.

This detailed diagnostic approach is summarized in Exhibit 13.1, taken from a 2018 report from the COG Soft Tissue Sarcoma Committee.44

RMS SUBTYPES: CLINICAL, PATHOLOGIC, GENETIC, AND MOLECULAR FEATURES

The International Classification of Rhabdomyosarcoma was derived from detailed pathologic study of patients who were enrolled in the first four Intergroup Rhabdomyosarcoma Study Group (IRSG) 176therapeutic trials (IRS-I to -IV).31,40 According to the 2015 WHO classification of skeletal muscle tumors in pediatric RMS, four major histologic subtypes with characteristic treatment strategies and prognostic implications were described.45
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EXHIBIT 13.1  Rhabdomyosarcoma Diagnostic and Staging Workup

BMA/Bx, bone marrow aspiration and biopsy; CSF, cerebrospinal fluid; FP RMS, fusion-positive RMS; LN, lymph node; MyoD, myogenic differentiation; RMS, rhabdomyosarcoma; RPLND, retroperitoneal lymph node dissection.

Source: Reproduced with permission from Borinstein SC, Steppan D, Hayashi M, et al. Consensus and controversies regarding the treatment of rhabdomyosarcoma. Pediatr Blood Cancer. 2018;65(2):e26809. doi:10.1002/pbc.26809





Embryonal RMS

As mentioned in the section “Incidence,” E-RMS affects young children and is mostly found in the head, neck, and GU sites. This entity accounts for 59% of all RMS cases. Eighty-four percent of E-RMS cases are of the classic subtype. The botryoid variant is diagnosed in 10% of cases. Typical rhabdomyoblasts have a moderate to deeply eosinophilic cytoplasm representing poorly formed myofilaments, and are arranged in sheets and large nests, with infrequent intermixed fusiform cells (Figure 13.1). E-RMS lacks specific translocations, but usually has loss of heterozygosity (LOH) at the 11p15 locus, the site of insulin-like growth factor 2 (IGF-2), an imprinted gene. This results in upregulation of IGF-2 expression in tumor cells, which in turn stimulates tumor growth.46–49 Other genetic and epigenetic aberrations in E-RMS include the following:



  •  Alteration of genes at 11p15.5 locus (in addition to IGF-2): H19, CDKN1C, and HOTS

  •  ALK copy gain

  •  Mutations in pRb, TP53, GLI, CDKN2A, CDKN2B, RAS, FGFR4, PIK3CA, CTNNB1 (beta-catenin), and MyoD1

  •  Deletion in NF1 gene

  •  DNA methylation aberrations

Botryoid Variant

Sarcoma botryoid has a grape-like gross appearance. It only affects infants and typically arises from the wall of the bladder or the vagina.

Spindle Cell/Sclerosing RMS

Spindle cell/sclerosing RMS (S-RMS) has been recently identified as a new subtype. However, patients are still stratified based on more established risk factors while awaiting new data on treatment modalities. These forms are more prevalent in males. Poor prognostic features include adult age, parameningeal tumors, and the presence of MYOD1 mutations.50,51

The spindle variant occurs in infants younger than 1 year of age. When needed, IHC for desmin, myogenin, and MyoD1 should be performed to distinguish this tumor from congenital/infantile fibrosarcoma. Unique translocations with rearrangements of VGLL2 and NCOA2 facilitate diagnosis. Infants <1 year of age with this particular histology usually have a favorable outcome.

The sclerosing variant is an aggressive, poor prognostic form occurring in children older than 1 year of age as well as in adults. Mutations in MyoD1 and/or PI3KCA genes are characteristic.

177Alveolar RMS

A-RMS typically affects the trunk or the extremities in children. It has a poorer prognosis than E-RMS with 5-year survival rates barely reaching 50%. Similar to pulmonary alveoli, the morphology of A-RMS consists of pseudoalveolar spaces separated by fibrovascular septa that are lined with round, loosely adherent rhabdomyoblasts. The latter frequently shed into these spaces.

A-RMS is characterized by a specific translocation t(2;13)(q35; q14) between the following:



  •  The long arm of chromosome 2 that includes the PAX3 gene, a transcription regulator during early neuromuscular development and

  •  The long arm of chromosome 13 that harbors the FOXO1 gene, a transcription factor52,53

Several cases have been reported with a variant t(1;13)(p36;q14) translocation, resulting in a fusion between PAX7 and FOXO1 genes.54 PAX3 and PAX7 encode related DNA-binding domains; the resulting fusion transcript promotes the development of a transformed phenotype through mechanisms that are yet to be determined.55 FISH test using a FOXO1 probe and/or RT-PCR assays that detect the presence of either of these fusion genes are both rapid and accurate tests for identifying these translocations. Of 78 children with A-RMS, Sorensen et al. detected PAX3 and PAX7 fusion transcripts in 55% and 22% of cases, respectively. Twenty-three percent were fusion negative. They also demonstrated a higher risk of failure (p = .025), death (p = .019), and increased bone marrow involvement in metastatic tumors harboring a PAX3–FOXO1 translocation.56,57 Conversely, the PAX7–FOXO1 translocation occurs in younger patients, affects the extremities, and has better outcomes.

According to the Soft Tissue Sarcoma Committee of the COG, the diagnosis of A-RMS requires the presence of a typical architectural pattern in >50% of the tumor as well as the presence of a FOXO1 rearrangement, t(1;13) or t(2;13), by FISH or RT-PCR (when cytogenetic testing is unavailable). The latter is also beneficial for risk stratification as well as confirmation of diagnosis in the ambiguous cases.

Other genetic/epigenetic abnormalities include the following:



  •  PAX3/FOXO4, PAX3/NCOA1, PAX3/NCOA2, and FOXO1/FGFR1 translocations

  •  CDK4 amplification

  •  TP53, CDKN2A, CDKN2B mutations

  •  FGFR4 and ALK copy gains

  •  RASSF, HIC1, CASP8 tumor suppressor mutations

  •  DNA methylation: Compared to E-RMS, A-RMS has a distinct DNA methylation pattern and is enriched in DNA hypermethylation of polycomb target genes

Up to 45% of RMS with alveolar morphology lack FOXO1 (or FKHR) rearrangement or other known genetic abnormalities and often behave like E-RMS with a more favorable outcome.58,59 This suggests that fusion gene status regardless of histology is an essential factor in risk stratification of RMS. Adult patients with FN RMS have a better prognosis compared to FP RMS. Unlike in children, no significant difference in prognosis between PAX3/FOXO1 and PAX7/FOXO1 fusions was detected. In consequence, nonpleomorphic RMS could be classified into two major subgroups: FN RMS and FP RMS.

Pleomorphic RMS

P-RMS is the subtype that mainly affects adults. The risk factors, biology, and genetics remain unclear because of the low incidence of this disease and the lack of corresponding studies in adults. Tumor architecture consists of large spindle cells that may resemble other types of spindle cell sarcomas (pleomorphic myogenic soft tissue sarcoma). This subtype is extremely genetically heterogeneous.

Noujaim et al. published a series of 45 adult patients with P-RMS. Median age at diagnosis was 71.5 years. Median OS was 12.8 and 7.1 months in localized and metastatic disease, respectively. Response rates to pediatric chemotherapy protocols were low and relapse rate was high (53.8%).60

STAGING

Two major staging systems are used in newly diagnosed pediatric RMS: Clinical Group (CG) and TNM.61 Conversely, traditional soft tissue sarcoma staging systems are still used in adults.

CG Classification

Developed by the IRSG in 1972, this widely used surgical pathologic staging system (Table 13.1) includes four disease categories with different prognoses.62,63 It evaluates the quality of the surgical 178resection based on the presence of residual disease and microscopic LN involvement. While it helps define treatment strategies, this classification does not consider other prognostic factors such as age, primary site, histology, cytogenetics, tumor size, and nodal involvement.



TABLE 13.1 Clinical Group and Description









	Clinical Group I
	Localized disease, completely resected, regional nodes not involved. This includes both gross inspection and microscopic confirmation of complete resection



	Clinical Group II
	Total gross resection with evidence of regional spread

  a.  Grossly resected tumor with microscopic residual disease (tumor at margin)

  b.  Regional involved nodes, completely resected with no microscopic residual disease

  c.  Regional involved nodes and microscopic residual disease




	Clinical Group III
	Incomplete resection or biopsy with gross residual disease



	Clinical Group IV
	Distant metastatic disease present at onset










TNM Classification

This classification (Table 13.2) was developed and incorporated into the fourth IRSG protocol (IRS-IV).64 Patients are assigned to one of four stages according to the site and size of the primary tumor, regional node involvement, and the absence or presence of distant metastases. Favorable disease sites include the orbit and eyelid, other nonparameningeal head and neck locations, and nonbladder, nonprostate GU tumors (e.g., paratesticular tumors), while unfavorable sites include the extremities, bladder and prostate, cranial parameningeal sites, trunk, and retroperitoneum.
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179The TNM and CG staging systems complement each other, and both of them are used to assess prognosis and select treatment for individual patients with RMS.

PROGNOSTIC FACTORS

According to the SEER program, mortality of RMS patients is predominantly related to age, tumor site, histology, and disease extension.

Age

In the past decades, mortality rate from cancer in children has been cut by half. However, these favorable results are yet to be achieved in adolescents and adults. The 5-year OS rate of RMS is 67% in children, 51% in adolescents, and 27% in adults. The most favorable age group is between 1 and 9 years with a 5-year survival rate of 87% according to the IRSG trials. Infants younger than 1 year of age and children older than 9 years have a 5-year survival rate of 76%. Among the adult population, the 5-year OS is inversely proportional to age and reaches 36%, 29%, and 11% in young adult, middle-aged, and elderly patients, respectively. According to the SEER database of the National Cancer Institute (NCI), adults tend to have unfavorable histologic subtypes (pleomorphic subtype) at unfavorable sites (65% vs. 55%, p < .0001). They also have overall worse survival than children for similar subtypes, especially in the nonmetastatic setting (5-year survival rate 47% vs. 82%).65

Tumor Site

Prognosis is linked to the primary tumor site, but not always to the possibility of resection. In fact, orbital and GU tumors have a better prognosis than those occurring in the extremities, retroperitoneum, or trunk.

Histology

Classically, E-RMS is correlated with a better prognosis than either A-RMS or P-RMS. A-RMS is more often diagnosed in unfavorable age groups or locations (<1 year of age or older patients, extremities, metastatic sites). Adult P-RMS is a particularly aggressive undifferentiated tumor, with a behavior similar to undifferentiated pleomorphic soft tissue sarcoma. It is treated suboptimally with pediatric protocols, hence the dismal prognosis (Figure 13.4).

Molecular Biology

PAX3/PAX7–FOXO1 fusion is observed in A-RMS. FN A-RMS tends to have a better outcome, more consistent with E-RMS, and is often reclassified as such. FP tumors involving PAX7 may have a better outcome than those with PAX3 fusions (Figure 13.4).

Disease Extension

Patients presenting with metastatic disease have a worse prognosis than those with localized disease. Moreover, patients with metastatic disease lacking other poor risk factors known as the Oberlin criteria, such as unfavorable sites, more than three sites, bone marrow involvement, and age younger than 1 year or older than 10 years, have a higher event-free survival (EFS) than those with three to four adverse features (50% vs. 10%).66

Prognostic Models: the IRSG Model

Risk-based algorithms help select treatment in pediatric RMS. There are currently no risk-based models for adults.

The IRSG, now known as the Soft Tissue Sarcoma Committee of the COG, developed a recurrence risk-based model to refine therapy in children. Favorable prognostic factors include absence of metastases; orbital, nonparameningeal head/neck, and GU nonbladder/non-prostate primary sites; grossly complete surgical removal of localized tumor at the time of diagnosis; embryonal/botryoid histology; tumor size ≤5 cm; and age younger than 10 years at diagnosis67 (Table 13.3). Other classifications exist such as the one used in European RMS studies that define subgroups from A to H.68 More recent COG protocols (ARST0431 and ARST1431) have a distinct risk-based classification with intermediate- and high-risk groups that were adapted to each protocol.
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FIGURE 13.4  Prognosis of rhabdomyosarcoma according to histology and molecular biology.

A-RMS, alveolar RMS; E-RMS, embryonal RMS; RMS, rhabdomyosarcoma.





TREATMENT OF PEDIATRIC AND ADULT RMS

Common Treatment Strategies in Children and Adults

All patients diagnosed with RMS should be treated in experienced centers. The treatment strategy (type of treatment, timing, intensity) should be elaborated by a multidisciplinary sarcoma board that includes an experienced pathologist, a surgeon, a radiation oncologist, and a medical oncologist. Decisions should also be discussed directly with the patient. They often involve a multimodal approach that combines surgery, chemotherapy, and RT. Short- and long-term toxicities should be taken into consideration. All patients should be encouraged to participate in clinical trials.

Pediatric RMS

Micrometastatic disease is often present at diagnosis of RMS. The addition of chemotherapy and RT to surgery increased cures rates in children from 20% to 70%. Nowadays, treatment of pediatric RMS is based on chemotherapy in the neoadjuvant and adjuvant settings, surgery if possible, and RT to improve local control. Large cooperative international groups such as the COG in the United States and the more recently founded European Pediatric Soft Tissue Sarcoma Study Group (EpSSG) in Europe developed several multimodality treatment protocols based on the estimated risk of disease recurrence. Risk-adapted therapy uses prognostic tables such as the IRSG risk classification table (Table 13.3) to decide treatment strategy.2,62,69
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Surgery

Patient outcomes depend on the extent of surgical resection, which should be complete in localized disease if functional and cosmetic results are acceptable. If a resection with negative margins is not possible or if RMS involves the orbit, biliary tract, or the GU tract (except for paratesticular RMS), neoadjuvant chemotherapy should be administered.

Clinically and radiographically suspicious LNs should be excised. Given the low risk of LN involvement, routine cervical sampling is not mandatory in head and neck tumors (except orbital tumors). On the other hand, up to 47% of adolescents with radiographically negative retroperitoneal LNs have pathologic documentation of LN metastasis. Therefore, all boys after the age of 10 with paratesticular 182RMS should undergo ipsilateral nerve-sparing retroperitoneal LN dissection along with radical inguinal orchiectomy. Moreover, patients with positive nodes usually receive additional RT and cyclophosphamide, while those with negative nodes are only given a two-drug regimen (vincristine dactinomycin [VA]).33,70 Sentinel LN biopsy is recommended in patients with extremity RMS.71

Re-excision should be considered in case of positive resection margins. Second-look surgery to document the histopathologic response to chemotherapy did not demonstrate any survival benefit. However, it may be considered in children with CG III disease to identify those who may benefit from reduced-dose RT.72

Survival advantage from resection of distant metastases has not been proved yet. The decision to perform metastasectomy should be thoroughly discussed at the tumor board on a case-by-case basis.

Radiation Therapy

RT is recommended for local control in all patients with RMS, except those who have embryonal/FN (any site) CG I disease. Three-dimensional (3D) conformal RT along with intensity-modulated RT should be privileged to minimize toxicities. Proton beam RT significantly reduces late toxicities in orbit and parameningeal tumors.73 Tumor volume should include at least a 1-cm margin of normal tissue as well as involved LNs. Although no studies have shown a benefit for specific timing, radiation is usually initiated after four cycles of chemotherapy, even in patients with cranial nerve palsy or skull base erosion from parameningeal RMS.74 Radiation doses are adapted according to the CG and the LN involvement. Several attempts to decrease RT doses to limit long-term toxicities in various tumor locations have been made, some with encouraging results. Craniospinal RT is indicated when tumor cells are found in the cerebrospinal fluid. Whole-brain RT should be delivered in case of several brain metastases and a negative CSF cytology. Brachytherapy should be considered for small critically located tumors (GU, head and neck).75,76 In addition, RT may be used in metastatic disease to control both the primary and metastatic sites. Some protocols even recommend whole-lung RT (generally up to 14.4 Gy) for patients with multiple lung lesions.

Chemotherapy

All patients with RMS should receive chemotherapy along with local treatment. Chemotherapy may be administered both in the neoadjuvant setting (induction treatment) to facilitate subsequent surgery and to test for tumor chemosensitivity. It can also be given in the postoperative setting to eradicate micrometastases and prevent recurrence. A classic chemotherapy regimen in pediatric RMS includes an alkylating agent (cyclophosphamide or ifosfamide), vincristine, and dactinomycin. None of the trials performed since the 1970s has been able to identify a chemotherapy protocol more effective than vincristine, dactinomycin, and cyclophosphamide (VAC) or ifosfamide, vincristine, and dactinomycin (IVA).

Based on the COG studies, the VAC regimen is considered standard of care in North America. Intensification of VAC by adding other agents such as etoposide, ifosfamide, topotecan, melphalan, and doxorubicin failed to improve outcomes compared with VAC.77,78 The ARST0531 trial compared the alternation of VAC and VI (vincristine and irinotecan) to standard VAC in patients with intermediate-risk disease (patients with nonmetastatic alveolar tumors and patients with stage 2 or 3, group III embryonal tumors). OS and EFS were similar between the two arms; however, the VAC/VI arm was associated with less hematologic toxicity and lower cumulative cyclophosphamide doses.79

On the other hand, the EpSSG replaces cyclophosphamide with ifosfamide because of the lower gonadal toxicity rates with the former. IVA is the European standard of care in pediatric RMS. The EpSSG RMS 2005 trial is the first multicenter, randomized controlled, open-label Phase 3 study that investigated the benefit of adding doxorubicin 30 mg/m2 given as a 4-hour infusion on days 1 and 2 to a standard IVA regimen, as well as the benefit of a maintenance treatment in patients with high-risk localized disease. Unfortunately, no survival benefit was found and toxicity was worse in the IVA plus doxorubicin group (IVAdo).

Table 13.4 features the most commonly used regimens for pediatric RMS.

Treatment strategies according to risk group (North American experience) are discussed in the following sections (Exhibit 13.2). In all the risk groups, RT, when indicated, is usually started at week 13 of chemotherapy. Dose reductions are necessary for children younger than 3 years of age. Dactinomycin administration should be held during RT and resumed thereafter.

Low Risk

Subset A

This category includes embryonal and alveolar FN, stage 1/2, CG I/II tumors, as well as stage 1, CG III orbital tumors. Three-year failure-free survival (FFS) rate exceeds 85%.80 Fifteen to sixteen cycles of VA (as per regimen D9602)81 or four short cycles of VAC followed by four cycles of VA (as per regimen ARST0331)82 could be administered.



183TABLE 13.4 Most Frequently Used Chemotherapy Regimens in Pediatric Rhabdomyosarcoma









	Regimen
	Drug and Dose
	Schedule





	VA (15 cycles, 45 weeks)a
	
  •  Vincristine 1.5 mg/m2 (max 2 mg)

  •  Dactinomycin 0.045 mg/kg (max 2.5 mg)

	
  •  Weekly during weeks 0 to 8, 12 to 20, 24 to 32, 36 to 44

  •  Every 3 weeks during weeks 0 through 45




	VAC/VA (eight cycles, 24 weeks)b
	
  •  Vincristine 1.5 mg/m2 (max 2 mg)

  •  Dactinomycin 0.045 mg/kg (max 2.5 mg)

  •  Cyclophosphamide 1,200 mg/m2 with mesna and as needed hematopoietic growth factor support

	
  •  Weekly during weeks 1 to 9, 13 to 21

  •  Every 3 weeks during weeks 1 through 22

  •  Every 3 weeks during weeks 1 to 10 for a total of four doses




	VAC (14 cycles, 40 weeks)c
	
  •  Vincristine 1.5 mg/m2 (max 2 mg)

  •  Dactinomycin 0.045 mg/kg (max 2.5 mg)

  •  Cyclophosphamide 1,200 mg/m2 with mesna and as needed hematopoietic growth factor support

	
  •  Weekly during weeks 1 to 13, 19 to 25, 31 to 37, 40

  •  Every 3 weeks during weeks 1 through 40

  •  Every 3 weeks during weeks 1 through 40




	VAC/VI (14 cycles, 40 weeks)d
	
  •  Vincristine 1.5 mg/m2 (max 2 mg)

  •  Dactinomycin 0.045 mg/kg (max 2.5 mg)

  •  Cyclophosphamide 1,200 mg/m2 with mesna and as needed hematopoietic growth factor support

  •  Irinotecan 50 mg/m2 days 1 to 5

	
  •  On weeks 1 to 13, 16, 17, 19, 20, 22 to 26, 28, 31 to 34, 37, 38, 40

  •  On weeks 1, 7, 13, 22, 28, 34, 40

  •  On weeks 1, 7, 13, 22, 28, 34, 40

  •  On weeks 4, 10, 16, 19, 25, 31, 37




	IVA (nine cycles, 27 weeks)e
	
  •  Ifosfamide 3 g/m2, with mesna 3 g/m2

  •  Vincristine 1.5 mg/m2

  •  Dactinomycin 1.5 mg/m2

	
  •  3-hour intravenous infusion on days 1 and 2 every 21 days

  •  Weekly during the first 7 weeks then only on day 1 of each cycle

  •  On day 1










a The IRSG D9602 protocol (1997–2004) objectives were to decrease toxicity in similar patients by RT doses and eliminate cyclophosphamide for the lowest-risk patients. Raney RB, Walterhouse DO, Meza JL, et al. Results of the Intergroup Rhabdomyosarcoma Study Group D9602 protocol, using vincristine and dactinomycin with or without cyclophosphamide and radiation therapy, for newly diagnosed patients with low-risk embryonal rhabdomyosarcoma: a report from the Soft Tissue Sarcoma Committee of the Children’s Oncology Group. J Clin Oncol. 2011;29:1312–1318. doi:10.1200/JCO.2010.30.4469.

b Walterhouse DO, Pappo AS, Meza JL, et al. Shorter-duration therapy using vincristine, dactinomycin, and lower-dose cyclophosphamide with or without radiotherapy for patients with newly diagnosed low-risk rhabdomyosarcoma: a report from the Soft Tissue Sarcoma Committee of the Children’s Oncology Group. J Clin Oncol. 2014;32:3547–3552. doi:10.1200/JCO.2014.55.6787.

c VAC doses and schedule are modified from the most recent COG protocol for intermediate-risk disease, ARST0531 Regimen A. Hawkins DS, Chi YY, Anderson JR, et al. Addition of vincristine and irinotecan to vincristine, dactinomycin, and cyclophosphamide does not improve outcome for intermediate-risk rhabdomyosarcoma: a report from the Children’s Oncology Group. J Clin Oncol. 2018;36:2770–2777. doi:10.1200/JCO.2018.77.9694.

d VAC/VI doses and schedule are based on the COG protocol ARST1431. Hawkins DS, Chi YY, Anderson JR, et al. Addition of vincristine and irinotecan to vincristine, dactinomycin, and cyclophosphamide does not improve outcome for intermediate-risk rhabdomyosarcoma: a report from the Children’s Oncology Group. J Clin Oncol. 2018;36:2770–2777. doi:10.1200/JCO.2018.77.9694.

e Bisogno G, Jenney M, Bergeron C, et al. Addition of dose-intensified doxorubicin to standard chemotherapy for rhabdomyosarcoma (EpSSG RMS 2005): a multicentre, open-label, randomised controlled, phase 3 trial. Lancet Oncol. 2018;19:1061–1071. doi:10.1016/S1470-2045(18)30337-1.

COG, Children’s Oncology Group; IRSG, Intergroup Rhabdomyosarcoma Study Group; IVA, ifosfamide, vincristine, and dactinomycin; RT, radiation therapy; VA, vincristine dactinomycin; VAC, vincristine, dactinomycin, and cyclophosphamide; VI, vincristine and irinotecan.





Subset B

This subset includes nonorbit stage 1, CGIII or stage 3, CG I/II embryonal and alveolar FN tumors. Three-year FFS rate is around 70%.83 Fourteen cycles of VAC as per ARST0531 regimen A are recommended.79

Intermediate Risk

This category includes the following:



  •  Stage 2, 3, CG III embryonal and alveolar FN tumors;

  •  Metastatic embryonal and alveolar FN tumors in children <10 years of age; and

  •  Alveolar FP tumors, CG I to III.


184[image: ]

EXHIBIT 13.2  Rhabdomyosarcoma Consensus Treatment Algorithm Created by a Panel of Pediatric and Adolescent and Young Adult Sarcoma Experts

Note: N0, no evidence of nodal disease; N1, evidence of nodal disease; Nx, nodal disease status unknown.

FN, fusion negative; FP, fusion positive; IVA, ifosfamide, vincristine, and dactinomycin; RMS, rhabdomyosarcoma; RT, radiation therapy; SOC, standard of care therapy; VA, vincristine dactinomycin; VAC, vincristine, dactinomycin, and cyclophosphamide; VI, vincristine and irinotecan.

Source: Reproduced with permission from Borinstein SC, Steppan D, Hayashi M, et al. Consensus and controversies regarding the treatment of rhabdomyosarcoma. Pediatr Blood Cancer. 2018;65(2):e26809. doi:10.1002/pbc.26809.





Three-year EFS rate is between 50% and 70%. Also, 12 to 14 cycles of VAC or VAC/VI could be administered. There are not adequate data to conclude that VAC/VI is as effective. However, it is associated with less hematologic toxicity and fewer hospitalizations.79 Tumors that have an alveolar histology but are FN should be treated with the VAC-only regimen.

Temsirolimus is currently being tested in combination with chemotherapy in a randomized Phase 3 study in patients with intermediate-risk RMS (Trial NCT02567435).

Maintenance chemotherapy using weekly intravenous vinorelbine plus daily oral cyclophosphamide resulted in a borderline significant improvement in 3-year EFS when compared to induction/adjuvant chemotherapy alone (78.4% vs. 72.3%, hazard ratio [HR]: 0.68, 95% confidence interval [95% CI]: 0.45–1.02, p = .06), but significantly better 3-year OS rate (86.5% vs. 73.7%, HR: 0.52, 95% CI: 0.32–0.86).84 However, the latter results come from the EpSSG and cannot be extrapolated into the standard regimen for patients treated as per the COG guidelines.

High Risk

This category includes the following:



  •  Metastatic embryonal and alveolar FN tumors in patients older than 10 years of age

  •  Metastatic alveolar FP tumors

Five-year EFS rate is around 30% with standard therapy.67 Fourteen cycles of VAC according to regimen A of the ARST0531 is the standard of care when patients cannot be included in clinical trials.

According to the results of two meta-analyses, high-dose chemotherapy followed by stem cell rescue failed to demonstrate survival advantage over conventional chemotherapy and had a greater risk of grade 3 and 4 adverse events.85,86 It should not be administered outside the setting of a clinical trial.

Evaluation of Response

In the EpSSG protocols, response is usually assessed with appropriate imaging after three courses of chemotherapy. It is classified as follows:



  •  Complete response: absence of measurable tumor

  •  Good response: tumor volume reduction of more than two-thirds in relation to the initial volume

  •  185Poor response: volume reduction of more than one-third and less than two-thirds in relation to the initial volume

  •  Objective response: volume reduction of more than one-third in relation to the initial volume

  •  Progressive disease: volume increase of more than one-third or development of new lesions
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EXHIBIT 13.3  Treatment Response: Rhabdomyosarcoma Consensus Treatment Algorithm Created by a Panel of Pediatric and Adolescent and Young Adult Sarcoma Experts

Source: Reproduced with permission from Borinstein SC, Steppan D, Hayashi M, et al. Consensus and controversies regarding the treatment of rhabdomyosarcoma. Pediatr Blood Cancer. 2018;65(2):e26809. doi:10.1002/pbc.26809.





Exhibit 13.3 suggests a surveillance plan after achieving complete or partial response. When volume reduction is less than 50%, chemotherapy intensification is considered.

On the other hand, interim imaging is not necessary in the COG protocols. Response rates are not correlated with outcomes and are not used for treatment intensification. In addition, complete response by cross-sectional imaging is seldom obtained, though PET scans show no signs of hypermetabolism. Management of residual hypermetabolic masses remains controversial; biopsy/resection of PET-avid masses in high-risk patients should be thoroughly discussed at the tumor board.

Treatment of Recurrent Disease

In most cases, RMS recurs within 2 years following diagnosis. Late relapses are rare (9%), and are especially frequent in patients with both advanced disease (Group III/IV) and large primary tumors at diagnosis (>5 cm).87 Metastatic disease at relapse, previous use of alkylating agents and RT, alveolar histology, shorter time to relapse (within 18 months of diagnosis), and higher stage and CG at diagnosis were associated with a poor prognosis.88,89 Exhibit 13.4 features a consensus treatment algorithm for relapsed RMS. Local therapy should always be considered. Less toxic regimens (cyclophosphamide, vinorelbine) should be administered in case of very advanced incurable relapses. The following treatments may be used in second-line setting (see Exhibit 13.4):



  •  Full VAC or VAC/VI regimen in patients who received VA or short course VAC in first line

  •  Doxorubicin, ifosfamide, and etoposide90

  •  Doxorubicin, ifosfamide, and dacarbazine (MAID)91

  •  Cyclophosphamide and topotecan92

  •  Cyclophosphamide, vinorelbine, and temsirolimus93
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EXHIBIT 13.4  Relapsed rhabdomyosarcoma consensus treatment algorithm created by a panel of pediatric and adolescent and young adult sarcoma experts.

RMS, rhabdomyosarcoma; SOC, standard of care; Tx, treatment.

Source: Reproduced with permission from Borinstein SC, Steppan D, Hayashi M, et al. Consensus and controversies regarding the treatment of rhabdomyosarcoma. Pediatr Blood Cancer. 2018;65(2):e26809. doi:10.1002/pbc.26809.





186Long-Term Complications

Long-term sequelae are common after multimodality treatment and require careful follow-up:



  •  Bowel and bladder complications: incontinence, frequency, hemorrhagic cystitis, primary hypogonadism

  •  Dentofacial abnormalities: bony hypoplasia/facial asymmetry, trismus, tooth/root agenesis, microdontia, enamel defects, and osteonecrosis

  •  Cardiac dysfunction: anthracyclines, high-dose cyclophosphamide

  •  Secondary tumors: leukemias, radiation-induced bone sarcomas

  •  Hypopituitarism following RT to the hypothalamic–pituitary area

  •  Cataracts and orbital hypoplasia in patients with orbital tumors

Adult RMS

In general, the same pediatric principles are adopted in the treatment of adult patients with RMS. Higher radiation doses are permitted in contrast to children who might develop late growth-related radiation sequelae. Selecting the optimal treatment sequence is yet to be determined. In a study by the French Sarcoma Group (FSG), patients older than 25 years of age received less chemotherapy and numerous treatments. While the 5-year survival in pediatric A/E-RMS has improved with time, the benefit did not extend to adult patients with A/E-RMS. The inferior results in adults could be due to advanced age and differences in clinical presentation or in intensity and duration of treatment. In addition, a molecular and genetic comparison between the two age groups might help explain this difference.

Surgery

R0 surgery remains the cornerstone of treatment in localized adult sarcoma, regardless of histology.94–96 Univariate and multivariate analyses showed that the absence of surgery as well as incomplete resection were associated with worse outcomes, whereas adjuvant RT and the use of pediatric protocols were beneficial.3 Furthermore, in the studies conducted by the FSG, MD Anderson Cancer Center, and the French Pediatric Society, local surgery showed survival benefit in advanced disease.3,97,98 OS is also improved with RT in both localized and metastatic settings. These data suggest that local treatment strategies should always be debated even in the metastatic setting. However, patients often present with large-volume disease in “delicate” locations such as the head and neck, where R0 surgery and, in some cases, radiation are very complicated to perform and might result in devastating long-term sequelae.

Chemotherapy

Overall, RMS is a chemosensitive disease. Doxorubicin, vincristine, and ifosfamide remain the most potent chemotherapy agents. Other options, mainly for relapsed disease, include etoposide, dactinomycin, cyclophosphamide, irinotecan, melphalan, and temozolomide. Pediatric protocols have a positive impact on OS in patients with E-RMS and A-RMS.3,98,99 In a retrospective analysis of 171 adult patients, results were similar to what has been reported in pediatric series when physicians adhered to the current guidelines for treatment of children.100 However, P-RMS is not as sensitive to chemotherapy as A-RMS and E-RMS. In a small study, Bompas et al. failed to show a survival advantage of chemotherapy in localized P-RMS.3 Wide surgical resection along with neoadjuvant/adjuvant RT is the pillar of therapy for localized pleomorphic disease. Unfortunately, outcomes with this approach result in high recurrence rates. Although not widely accepted, consideration should be given to neoadjuvant/adjuvant chemotherapy with vincristine 2 mg fixed dose, doxorubicin 75 to 90 mg/m2 (72-hour infusion or bolus with dexrazoxane), and ifosfamide 10 g/m2 (divided over 4–5 days with mesna uroprotection) for six cycles for patients with tumors >5 cm. Furthermore, unlike A-RMS and E-RMS and owing to the absence of positive survival data as well as the reduced tolerance to treatment in adults, pediatric regimens are not the treatment of choice in adult P-RMS. Doxorubicin alone or in combination with ifosfamide, as outlined above, remains the standard while awaiting new recommendations. Moreover, there is no current standard of care in older (>50 years of age) patients with A/E-RMS who will likely not tolerate pediatric protocols.

Neoadjuvant/Adjuvant Chemotherapy

Neoadjuvant chemotherapy recently achieved a survival benefit in high-risk patients with soft tissue sarcoma and is currently discussed at tumor boards before surgery.101 Although found to result in disease-free survival and OS benefit, adjuvant chemotherapy is still a matter of debate at some centers.102 Moreover, P-RMS is still regarded as refractory to standard chemotherapy; combination of surgery and RT for localized disease is the standard.



187TABLE 13.5 Chemotherapy Regimens Reported by the FSG Study









	Regimen*
	Number of Patients (%) Total = 127
	Agents





	Adult protocols
	70 (55)
	 



	A
	9 (13)
	Adriamycin



	MAI
	23 (33)
	Adriamycin ifosfamide



	MAID
	20 (28)
	Adriamycin ifosfamide dacarbazine



	MAIDO
	1 (1.4)
	Adriamycin ifosfamide dacarbazine vincristine



	API
	4 (6)
	Adriamycin cisplatin ifosfamide



	TNF-melphalan
	1 (1.4)
	TNF-melphalan



	CYVADIC
	4 (6)
	Cyclophosphamide vincristine Adriamycin dacarbazine



	AD
	3 (4)
	Adriamycin dacarbazine



	EP
	1 (1.4)
	Etoposide cisplatin



	IV
	1 (1.4)
	Ifosfamide vincristine



	Trofosfamide
	1 (1.4)
	Trophosphamid



	DECAV
	1 (1.4)
	Ifosfamide Adriamycin dacarbazine vindesine cisplatin



	 
	1 (1.4)
	Adriamycin vindesine ifosfamide cisplatin



	Pediatric protocols
	52 (41)
	 



	IVA
	9 (1.1)
	Ifosfamide vincristine Adriamycin



	VAC
	14 (27)
	Ifosfamide vincristine actinomycin



	IVA/IVADo
	6 (11.5)
	Ifosfamide vincristine actinomycin doxorubicin



	MAIDO/IVA/CEV
	2 (3.8)
	Ifosfamide vincristine actinomycin Adriamycin



	IVAD
	8 (15.3)
	Ifosfamide vincristine Adriamycin dacarbazine



	VIDE
	2 (3.8)
	Vincristine ifosfamide doxorubicin etoposide



	IVA/IVE/CEV
	3 (5.7)
	Ifosfamide vincristine actinomycin etoposide carboplatin epirubicin



	Protocol SIOP/MMT
	6 (11.5)
	 



	IVA/CEV
	2 (3.8)
	Ifosfamide vincristine actinomycin carboplatin epirubicin



	NA
	5 (3)
	 









* Drugs within these protocols are listed under Agents in this table.

FSG, French Sarcoma Group; TNF, tumor necrosis factor.

Source: From Bompas E, Campion L, Italiano A, et al. Outcome of 449 adult patients with rhabdomyosarcoma: an observational ambispective nationwide study. Cancer Med. 2018;7(8):4023–4035. doi:10.1002/cam4.1374.





Table 13.5 lists both adult and pediatric chemotherapy regimens used to treat adult RMS in France. Table 13.6 shows the most important studies about adult RMS. The majority of these studies are retrospective; survival results should therefore be interpreted with caution.103–106

RELAPSED DISEASE

According to the results of the FSG study, the relapse rate after multimodality treatment is between 33% and 57%. Metastatic disease is detected in 48% to 68% of relapsed cases. It mostly occurs during the first year, leading to death in 6 to 12 months with a median survival of 9, 8, and 7 months for patients with local relapse, metastatic relapse, and both, respectively. The dismal outcomes confirm the poor prognosis of adult RMS.3 There is no current standard of care in second line. Few studies test the efficacy of chemotherapy agents and targeted therapies used in soft tissue sarcomas, such as gemcitabine, docetaxel, and pazopanib.107,108

TREATMENT OF ADULT RMS AT OUR INSTITUTION

All cases are discussed at the weekly sarcoma board, sometimes at the pediatric tumor board often in the presence of the patient. Patients are encouraged to enroll in clinical trials whenever possible. Owing to the postoperative sequelae that could be devastating, we have adopted a more conservative treatment approach. RT is almost always considered. The utility of induction chemotherapy is discussed at the tumor board in case of extensive surgery or risk of R2 disease. Neoadjuvant chemotherapy may improve local control and allow lowering of RT doses, which in turn reduces long-term complications. Embryonal and alveolar subtypes in fit adolescents and young adults are treated with pediatric regimens such as VAC or IVA. P-RMS or RMS in older adults is managed similarly to other soft tissue sarcomas. Adriamycin 60 mg/m2 combined with ifosfamide 3 g/m2 on days 1, 2, and 3 (Neo AI protocol) is the treatment of choice at our institution. Chest CT as well as adequate imaging of the primary location of the disease is performed every two to three cycles. Patients are regularly assessed for potential R0 surgery. Isolated limb perfusion, palliative and stereotactic RT, as well as interventional radiology procedures (radiofrequency, cryoablation) are often used to treat symptomatic or critical sites in both oligometastatic and widespread disease.
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191SUMMARY

RMS is a rare, complex disease with poor outcomes, especially in adults and relapsed cases. Studies are scarce and mostly retrospective. Multidisciplinary management at a sarcoma center and participation in clinical trials are crucial to improve survival and quality of life. Pediatric and adult patients should be referred to expert sarcoma centers and enrolled in clinical trials whenever possible.

Overall, there are four subtypes of RMS: embryonic, alveolar, spindle cell/sclerosing, and pleomorphic. Adult patients achieve worse outcomes due to several factors: increased prevalence of the more aggressive pleomorphic subtype (up to 43% of cases), delayed disease presentation and access to care in expert centers, poor adherence to aggressive treatment regimens, potential pharmacokinetic differences, and limited accrual on clinical trials. Furthermore, all patients with RMS should undergo molecular testing for PAX/FOXO1 fusions, which are present in 75% of A-RMS and are associated with worse outcomes. Note that A-RMS with absence of FOXO1 translocation behaves more like E-RMS. Nonpleomorphic RMS should rather be classified as FP or FN disease.

The most common metastatic locations are the LNs, lungs, cortical bone, and bone marrow. A risk-specific rather than a disease-specific approach to staging should be considered. Surgery is essential to the optimal management of RMS in all stages and risk groups. Induction chemotherapy is required when complete resection of the primary is impossible or results in significant morbidity. Adjuvant RT is recommended for all patients, except those with margin-negative E-RMS/FN A-RMS. Resection quality, FOXO1 fusion status, nodal disease, and tumor site and size help determine radiation doses.

Standard chemotherapy regimens include VAC/IVA in pediatric patients and in adults with nonpleomorphic RMS. Although no formal trials have tested the efficacy of chemotherapy regimens in adult RMS patients, some sarcoma centers utilize the combination vincristine, doxorubicin, and ifosfamide. Because P-RMS behaves similarly to adult soft tissue sarcomas, chemotherapy with an anthracycline and alkylating agents (±vincristine) is usually administered (neo VAI). Relapsed/refractory disease is most often fatal. Standard of care is still lacking.

 





CASE STUDY

A 29-year-old man with no significant past medical history presented to ear, nose, and throat clinic with right hemifacial swelling, headaches, blurry vision, and enlarged cervical LNs. MRI of the face showed a right ethmoidal mass extending into the frontal and right maxillary sinuses. CT scan of the head, neck, chest, abdomen, and pelvis additionally showed right cervical and supraclavicular lymphadenopathies along with two lung nodules located in the middle and left lower lobes (Figure 13.5). An ultrasound-guided core-needle biopsy of a right submandibular LN revealed poorly differentiated small, round tumor cells with positive expression of desmin and myogenin on IHC. The pathologic aspect was in favor of grade II A-RMS. 18-FDG PET-CT scan did not show any distant hypermetabolic lesions. The case was discussed at the weekly sarcoma board. Given the rapidly progressive symptoms, chemotherapy combining doxorubicin (60 mg/m2 on day 2) and ifosfamide (3 g/m2 on days 2, 3, and 4) was decided and initiated rapidly, while awaiting molecular confirmation of diagnosis (neo AI regimen). A significant reduction 192of facial swelling and shrinking of cervical nodes were observed after the first cycle. The diagnosis of locally advanced A-RMS was later confirmed when RT-PCR revealed the presence of a PAX3–FOXO1 fusion. The chemotherapy regimen was therefore switched from neo AI to IVAdo (ifosfamide 3 g/m2 on days 1 and 2, dactinomycin 1.5 mg/m2 on day 1, doxorubicin 30 mg/m2 on days 1 and 2, and vincristine 1.5 mg/m2 on days 1, 8, and 15). The patient received two cycles of neo AI followed by four cycles of IVAdo. The last cycle was administered without doxorubicin because of an altered left ventricular ejection fraction. A very good local partial response was obtained both clinically and radiologically. However, the lung nodules remained unchanged. After discussion at the sarcoma, head and neck, and pediatric tumor boards, a radical surgical treatment was abandoned, given the probability of metastatic disease in the lungs. The patient was instead treated with RT to the head and neck regions (70 Gy ethmoidal residue, 60 Gy tumor and LN, 33 fractions). He also received three cycles of ifosfamide, two of which were given concomitantly with RT (vincristine discontinued owing to grade 3 peripheral neuropathy, dactinomycin discontinued owing to the risk of toxicity when given with RT). After that, he underwent a wedge resection by video thoracoscopic surgery of the right middle lobe pulmonary nodule. Histologic analysis revealed a 0.8-cm hamartochondroma and no signs of malignancy. Maintenance treatment with oral vinorelbine and cyclophosphamide was given for 12 months. The patient was last seen 4 months after the end of oral chemotherapy. He was in a very good clinical condition, and imaging exams showed no signs of local or metastatic progression.
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FIGURE 13.5  Right ethmoidal mass (A and B) with right middle lobe nodule (C).





Commentary: In this case, you can see that RMS management slightly differed from the recommendations we stated in this chapter. However, the main elements are present, that is, multidisciplinary decision-making, induction chemotherapy, and evaluation for a local treatment upon response to initial chemotherapy.
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The Ewing sarcoma (ES) family of tumors is a group of tumors consisting of typical ES, extraosseous ES, atypical ES, primitive neuroectodermal tumor, and Askin tumor. The unifying feature of these tumors is the specific chromosomal translocation fusing the EWS gene to a subset of ETS transcription factor family members, most commonly the FLI1 gene. The peak incidence of ES is during adolescence. Treatment of these tumors requires a multidisciplinary approach. The ideal team consists of experienced oncologists, orthopedists, radiation oncologists, radiologists, pathologists, and supportive care members. Optimal management of these patients by experienced teams is of particular importance. Given the lack of recent clinical progress, it is imperative to continue developing clinical trials and encouraging enrollment into these studies. This chapter discusses the current approach to diagnosis and management for those with the ES family of tumors.
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INTRODUCTION

The Ewing sarcoma (EWS) family of tumors is a group of tumors consisting of typical EWS, extraosseous EWS, atypical EWS, primitive neuroectodermal tumor (PNET), and Askin tumor. The unifying feature of these tumors is the specific chromosomal translocation fusing the EWS gene to a subset of ETS transcription factor family members, most commonly the FLI1 gene (less frequently, ERG, ETV1, E1A-F, or FEV). The peak incidence of EWS is during adolescence. Treatment of these tumors requires a multidisciplinary approach. The ideal team consists of experienced oncologists, orthopedists, radiation oncologists, radiologists, pathologists, and supportive care members. Despite extensive research leading to the finding of the disease-defining translocations, our understanding of the biology and its clinical correlation is still limited and there has been little progress in our ability to cure this disease in the past 30 years. Given the lack of recent clinical progress, optimal management of these patients by experienced teams is of particular importance. There have not been major advances in survival in patients with metastatic disease since standard use of adjuvant chemotherapy was adopted in the 1970s. Therefore, it is imperative to continue developing clinical trials and encouraging enrollment into these studies. This chapter will discuss the current approach to diagnosis and management for those with the EWS family of tumors.

EPIDEMIOLOGY

EWS is the second most common primary bone malignancy of childhood and young adulthood. About 80% of EWS occurs in patients younger than 20 years at the time of diagnosis.1 The annual incidence of EWS in this population is approximately 2.9 cases per million.2 The incidence is slightly higher in males than females at a ratio of 1.2:1. The most striking epidemiologic feature of EWS is the difference in racial distribution. It occurs more frequently in Caucasians, with a lower occurrence rate in people of Asian and African American (AA) descent.1,2 Worch et al. looked at the National Cancer Institute (NCI) Surveillance, Epidemiology, and End Results (SEER) database from 1973 to 2005 and found that the racial distribution of EWS was 78.6% white non-Hispanic, 14% Hispanic, 4.9% Asian, and 2.5% AA.3 This indicates lower occurrence in people of AA descent, as this group makes up about 13% of the population. This racial difference is seen at every age, and the explanation has yet to be fully elucidated. Beck et al., looking at the different length polymorphisms of the NR0B1 and CAV1 GGAA microsatellite in both European and African populations, were able to demonstrate that the number of GGAA microsatellite repeats is considerably higher in African populations, as a possible explanation.4 Additional research is needed to look into these racial differences and the correlation of the GGAA microsatellite repeats.

CLINICAL PRESENTATION

The presenting symptoms for EWS depend on the location of the tumor. When presenting in the bone, pain is a common presenting symptom, though a painless mass is not uncommon. When the initial site is in the soft tissue, the patient will often present with a mass, which may or may not be painful. Given that the primary incidence is in adolescence, pain is often mistaken for so-called “growing pains.” It is not uncommon for it to take weeks to months from the onset of symptoms for a diagnosis of EWS. EWS most often arises in the bones (85%), with the remaining 15% occurring in soft tissues.2 Additional presenting symptoms may include local swelling, pathologic fractures, and systemic symptoms such 200as fever and weight loss. EWS can be found in almost any bone or soft tissue. Approximately 38% of EWS appears at the diaphysis of the long bone in the extremities. EWS can present at the flat bones of the axial skeleton, such as the ribs and pelvis, at about 27%.2 Although extremity lesions are still more common, central lesions are seen in EWS more frequently. EWS that arises from the bone can also have a relatively large soft tissue component, especially when compared to osteosarcoma.

There are no specific laboratory findings or tumor markers associated with EWS. Nonspecific findings such as an elevated serum lactate dehydrogenase (LDH) and alkaline phosphatase are seen with increased tumor burden, cell turnover, and bone destruction. Van Maldegem et al. completed a meta-analysis looking at possible biomarkers as prognostic factors.10 It was thought that LDH was a prognostic marker, but has been shadowed by the prognostic impact of metastatic disease, which clearly has the most impact on overall survival (OS). Decreases in white blood cells, hemoglobin, and platelets are not typically seen in EWS, unless there is significant bone marrow involvement.

DIAGNOSTIC APPROACH

Tissue diagnosis by an experienced pathologist is essential. Upfront resection of these tumors is not typically attempted in preference of biopsy, whether by percutaneous core-needle biopsy or via an open surgical procedure (Figure 14.1). The most common approach is to defer complete surgical resection until after the patient has received neoadjuvant chemotherapy. This has multiple benefits including allowing time for preparation for the surgery and obtaining custom prostheses if needed. Neoadjuvant chemotherapy typically also reduces the size of the tumor, which may facilitate surgical resection. Finally, neoadjuvant chemotherapy allows for immediate systemic therapy to treat/prevent the development of macroscopic and microscopic metastases.



[image: ]

FIGURE 14.1  Workup for newly suspected bone sarcoma.

CBC, complete blood count; CMP, complete metabolic panel; GFR, glomerular filtration rate; LDH, lactate dehydrogenase.

Source: With permission from Reed DR, Hayashi M, Wagner L, et al. Treatment pathway of bone sarcoma in children, adolescents, and young adults. Cancer. 2017;123(12):2206–2218. doi: 10.1002/cncr.30589.





201Core-needle biopsy with image guidance can provide sufficient samples for diagnosis and, being less invasive, is the preferred initial biopsy technique.2 In rare cases, a core-needle biopsy does not provide enough tissue for diagnosis and a repeat or open biopsy must be attempted. It is imperative to minimize the tissue contamination from needle or open biopsy. The biopsy tract should be excised at the time of definitive surgery; hence, discussion with an experienced orthopedic oncologist on biopsy location is critical. If possible, the same surgical team performing the definitive surgery should obtain the biopsy or be consulted about the optimal image-guided core biopsy approach.

Radiographic Features (Prior to Biopsy)

At the time of diagnosis, a plain radiograph of the affected bone is done in addition to cross-sectional imaging, such as MRI or CT. In EWS, there will typically be x-ray findings in the diaphysis of the long bones that extend toward the metaphysis. The classic “onion skin” appearance of EWS is a lamellated periosteal reaction. It is seen in about 23% of presentations.1 More common nonspecific features seen on x-ray image include lytic lesions (75%), soft tissue extension (64%), and reactive bone formation (25%).1 Less common findings include radiating spicules, a.k.a. “sunburst appearance” (20%); periosteal thickening (19%); sclerosis (16%); and fracture (13%). The aforementioned sunburst appearance is more classically associated with osteosarcoma; however, it can be seen in both. The major difference between images of osteosarcoma and EWS is the location, which is typically at the metaphysis for osteosarcoma and diaphysis for EWS.1 Those with soft tissue EWS may have normal x-ray imaging, unless there is bony erosion or the soft tissue mass is large enough to be radiopaque. Once the initial x-ray study is completed, additional imaging is mandated as part of the workup. More detailed imaging of the primary site is needed using MRI with gadolinium contrast agent. This provides the resolution needed for proper surgical mapping prior to the biopsy and definitive surgery. In addition, a CT scan of the chest is required to assess for metastatic disease to the lungs, as it is the most common site for metastasis. Typically, a CT scan of the chest without intravenous (IV) contrast is sufficient, as the air provides the “contrast” needed when looking for metastatic tissue in the lungs; however, contrast may be needed if assessing the soft tissue component of an EWS involving the chest. Historically, technetium bone scan was used to assess for local and metastatic bone disease. The advantage to the bone scan is that it is cheaper and involves less radiation. However, more recently, there has been a shift to the fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) as it is more sensitive for metastatic disease in EWS and can help assess nonskeletal lesions.2,5

MOLECULAR BIOLOGY

The pathognomonic molecular finding in EWS family tumors is a reciprocal chromosomal translocation, most commonly occurring between the chromosomes 11 and 22. More specifically, t(11;22)(q24;q12) occurs in about 85% of cases. The gene name for the chromosome 22 translocation partner is EWSR1, and the gene name for the chromosome 11 partner is FLI1. The presence of this fusion protein correlates with a high expression of cell surface sialoglycoprotein CD99.2 Of the 15% of EWSs that do not harbor the EWSR1–FLI1 translocation, these tumors typically have evidence for gene rearrangements for EWSR1 to a different fusion partner, the most common being ERG on chromosome 21q22, which is seen in about 10% of EWS family tumors. Other less frequent fusion partners seen in less than 1% of cases include ETV1 on chromosome 7p22, ETV4 on chromosome 17q12, and FEV on chromosome 2q33. In addition to EWSR1-associated translocations, other chromosomal changes can also be simultaneously present. Trisomy 8 and 12 are observed in 50% and 33% of cases, respectively.2 Structural changes at chromosomes 1 and 16 are observed in about 20% of cases, typically leading to the gain of 1q, a loss of 16q, or the formation of a derivative chromosome der(1;16). There have been some reports describing fusions between FUS and either ERG or FEV in EWS. The FUS protein is highly related to EWS. The clinical significance of these various translocation partners to EWSR1, along with the other structural chromosomal changes, is unknown at this time. Additional research is needed to determine their significance.

It is believed that a second mutational event is needed to immortalize these EWS–FLI1-expressing cells. It was initially thought that p53 pathway was involved, but aberrations in p53 are relatively rare 202in EWS, occurring in less than 15% of tumors. Some preclinical data suggest that NOTCH signaling or insulin-like growth factor 1 receptor (IGF1R) circuit is involved.2

There is no conclusive evidence that any of these varying aberrations, such as the varying translocation partners with EWSR1, such as FLI1, ERG, ETV1, E1A-F, or FEV gene, play a role in a clinically meaningful way in regard to prognosis. Currently, the main prognostic factor remains the presence or absence of metastatic disease. It is important to acknowledge that in Europe, they also look at the response to neoadjuvant chemotherapy, which at the time of writing this chapter had not yet been incorporated in North American protocols.

THERAPEUTIC APPROACH

EWS requires a multidisciplinary team approach to treatment, including orthopedic oncology, interventional radiology, radiation oncology, radiology, and medical/pediatric oncology (see Figure 14.2). A specialized orthopedic oncologist can take care of the biopsy and the surgical resection of the primary tumor. The biopsy could also be completed by interventional radiology with consultation of the primary surgical team to identify the proper approach to ensure removal of the biopsy tract when the patient undergoes definitive surgical resection of the primary tumor. Radiation oncology is involved to provide radiation for local control of the primary tumor site when needed if complete surgical resection is not possible, the patient is not a surgical candidate, the patient declines surgery, or there are positive margins after surgical resection. A pediatric or medical oncologist is involved to administer systemic chemotherapy. When available, patients should be encouraged to participate in clinical trials to further advance our treatment strategies and potentially receive improved treatment. Neoadjuvant chemotherapy should be initiated quickly after completing histologic confirmation of the diagnosis, metastatic workup, and baseline assessment.

The use of chemotherapy to treat EWS started only in the 1960s. It was Sutow and Sullivan who, in 1962, published a report on cyclophosphamide to treat EWS.11 In 1974, Rosen et al. from Memorial Sloan Kettering first started treating EWS with multiple agents together, as is currently done.12 Their initial regimen consisted of vincristine, cyclophosphamide, actinomycin D, and doxorubicin (VACD). Chemotherapy greatly improved the outcomes of patients with EWS. The first cooperative study by Intergroup Ewing’s Sarcoma Study (IESS) from 1973 to 1978 showed that the addition of doxorubicin to VAC had a 5-year OS rate of about 60%, which was compared to 24% with VAC alone.6 The American Intergroup Ewing’s trial (INT-0091/POG-8850/CCG7881) determined that the addition of ifosfamide and etoposide (IE) to VACD improved the event-free survival (EFS) rate to 69% in those with localized disease.6 There was, however, no benefit in metastatic disease.

The combination of cooperative groups in North America has allowed for increased enrollment of patients with this rare tumor into therapeutic clinical trials. The Children’s Oncology Group (COG) is one of the leading cooperative groups in pediatric oncology in North America. The COG trial AEWS0031 demonstrated improved survival in EWS patients with localized disease when treated with an interval-compressed version of VDC/IE given every 2 weeks instead of every 3 weeks. In Europe, a different standard regimen of VIDE is used, which consists of vincristine, ifosfamide, doxorubicin, and etoposide.5 The Euro-E.W.I.N.G. 99 clinical trial looked at the safety of treating with VIDE, compared to earlier standard of vincristine, actinomycin D, and cyclophosphamide (VAC) or vincristine, actinomycin D, and ifosfamide (VAI) in Europe. It demonstrated tolerance and efficacy, and thus, the Europeans now treat with VIDE (vincristine 1.5 mg/m2 × 1 day, ifosfamide 3 g/m2 × 3 days, doxorubicin 20 mg/m2 × 3 days, and etoposide 150 mg/m2 × 3 days). Currently, an ongoing Euro-Ewing 12 study (EudraCT number 2012-002107-17) is being conducted which looks at a direct comparison of VIDE and VDC/IE. Historically, the outcomes have been comparable between regimens; however, only now are they being compared head to head.

The therapeutic regimen used in North America consists of vincristine (1.5 mg/m2, on day 1), doxorubicin (75 mg/m2 on days 1 and 2), cyclophosphamide (1,200 mg/m2 on day 1) alternating every 2 weeks with ifosfamide (1,800 mg/m2 on days 1–5) and etoposide (100 mg/m2 on days 1–5). This is referred to as VDC/IE and is considered the current standard of care for a pediatric oncologist in North America. It currently consists of 12 weeks of neoadjuvant chemotherapy, followed by local control with surgery and/or radiation and then an additional 16 weeks of adjuvant chemotherapy for a total of 28 weeks of therapy.

While most pediatric oncologists follow the COG regimen described above, adult medical oncologists treat with different protocols. As demonstrated in the National Comprehensive Cancer Network (NCCN) Guidelines Version 1.2019, the possible regimens medical oncologists use to treat localized EWS are: VDC/IE (same as pediatrics), VDI (vincristine 2 mg/m2, doxorubicin 75 mg/m2, and 203ifosfamide 10 g/m2), and VIDE. When treating metastatic disease, they use the same three regimens plus the additional option of VDC alone.
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FIGURE 14.2  Pathway for treating newly diagnosed and relapsed Ewing sarcoma.

CR, complete response; IE, ifosfamide and etoposide; PD, progressive disease; PR, partial response; SD, stable disease; VDC, vincristine, doxorubicin, and cyclophosphamide; XRT, x–ray therapy.

Source: Used with permission from Reed DR, Hayashi M, Wagner L, et al. Treatment pathway of bone sarcoma in children, adolescents, and young adults. Cancer. 2017;123(12):2206–2218. doi:10.1002/cncr.30589.





The choice of local control is dependent on the location of the tumor and the ability to obtain negative surgical margins. Surgical resection is preferred if negative margins are obtainable and the associated morbidity is not extreme. The use of radiation can provide an acceptable alternative to surgery for local control when negative margins are not obtainable and surgical morbidity is great. 204Debulking operations that leave gross residual tumor are never indicated as they will just delay chemotherapy and the patient would require full-dose radiation therapy (RT) to treat gross residual disease, the same as if the surgery did not occur. A 2015 COG report by DuBois et al. showed that the choice of local control, between surgery and radiation, did not have a significant impact on OS.13 However, the risk of local failure was greater in those who received radiation rather than surgery, with a statistically significant hazard ratio of 2.41, although the anatomic sites treated with surgery (i.e., extremity, rib) are generally different from those treated with radiation (i.e., spine, sacrum, pelvis); so, these patient cohorts are often quite different. Nevertheless, radiation does have additional long-term effects, such as the risk of secondary malignancies.5 Surgical advances have continued to improve to allow for about 90% of extremity surgeries to be limb sparing, avoiding amputation as much as possible. Postoperative radiation is typically employed only if surgical margins are positive. For those patients receiving radiation as local control, it should be administered concurrently with consolidation therapy, specifically with the ifosfamide/etoposide portion. In addition, doxorubicin is held while radiation is being administered.7 If clinicians are treating according to the COG trial regimen, the week 13 doxorubicin dose is given just prior to the initiation of radiation and then followed by back-to-back cycles of ifosfamide/etoposide to avoid enhancement of normal tissue radiation toxicity expected with concurrent doxorubicin (Adriamycin).

The total radiation fractions and dose (measured in Gy) depend on the location of the primary site, on whether there was a resection with positive margins, or if there was metastatic disease. For example, the total recommended dose for gross disease is 55.8 Gy. However, if resected with microscopic residual (unable to obtain clean margins), then 50.4 Gy is used. In addition, for nonosseous lesions with complete response to chemotherapy, 50.4 Gy is used as well. Dose-escalated RT to limited fields may be beneficial for high-risk tumors and may reduce local recurrence rates. A single-institutional Phase 2 trial employed focal limited-margin RT using conformal or intensity-modulated techniques.8 Unresected tumors <8 cm at diagnosis received a standard dose of 55.8 Gy, and tumors >8 cm received an escalated dose of 64.8 Gy. Radiation is typically administered at a maximum of 1.5 to 1.8 Gy per fraction, given over an estimated 25 to 30 fractions. Given the variability in doses and fractions, the young age of the patients, and the need to integrate radiation with chemotherapy and possibly surgery, it is important to have a radiation oncologist well versed in treating EWS.

If a patient has metastatic disease at the time of diagnosis, the same systemic chemotherapy regimen is used. However, it is important to note that the five-drug regimen of VDC/IE was never shown to be more beneficial than VDC alone in treating metastatic disease. Also, the clinical trial demonstrating the superiority of administering chemotherapy every 2 versus 3 weeks did not include patients with metastatic disease; hence, the benefit of giving chemotherapy every 2 weeks has not yet been proved for metastatic disease. However, most oncologists will treat patients with metastatic disease with the same regimen used for localized disease, as most are reluctant to treat metastatic disease less aggressively than localized. The additional variability lies in local control, not only of the primary site but also of the sites of metastatic disease. It is dependent on where the metastatic disease is and if it can be surgically removed. Local control with radiation is also involved and the dose depends on the location site. For additional details of radiation in metastatic disease, refer to Chapter 4, Radiation Oncology.

METASTATIC DISEASE

About 25% to 30% of patients present with metastatic disease at the time of diagnosis. The incidence of metastatic disease at diagnosis correlates to the location of the primary tumor. Those with a central primary tumor, such as the pelvis, have the highest incidence of metastases at about 40%. Those with a proximal primary site have a 30% incidence of metastases. Also, those with a distal primary tumor have the lowest rate of incidence at about 15%.1

EWS metastasizes most commonly to three specific locations: lung, bone, and bone marrow. Their incidence is about 38%, 31%, and <10%, respectively.1 Metastatic disease can also appear in the brain, liver, and soft tissue; however, these sites are much rarer. Given the high rate of metastatic disease at diagnosis, it is imperative to get a chest CT and an FDG PET/CT for all patients at the time of initial diagnosis and staging. Chest CT is needed in addition to PET/CT as the PET is not of high-enough resolution to properly evaluate for pulmonary metastasis. Historically, bilateral bone marrow biopsies were done routinely at the time of diagnosis. However, the yield of bone marrow biopsy is extremely low and it is no longer performed by many practitioners unless required for clinical trials.5 Metastases to the bone marrow are not homogeneous, and therefore require a bilateral biopsy. Given 205the lack of homogeneity of metastatic disease to the bone marrow, sampling error resulting in false negative can be a problem. In addition, if the FDG PET/CT is negative, the likelihood for finding metastatic disease in the bone marrow is extremely low. In general, bone marrow involvement can often be seen on PET/CT, thus calling into question the value of a bone marrow biopsy. Once a positive PET/CT is obtained and it is determined to be metastatic disease, a bone marrow biopsy will not impact the treatment plan. For these reasons, the bone marrow biopsy is falling out of favor as a diagnostic requirement.

Therapeutic Approach for Metastatic Disease

Despite advances in survival for localized EWS, metastatic disease in EWS continues to have an unacceptably poor prognosis outcome with <30% survival.5 Survival differs if metastases are limited to the lung only or have spread to the bone or bone marrow. When limited to lung metastases, the 5-year survival rate is slightly better than 30%, while if the disease has spread to other sites, survival rate is only 15% to 30%. Given this continued poor survival, treatment for metastatic disease should be encouraged to be given on clinical trials. At this time, the standard of care for metastatic disease at diagnosis consists of the same systemic regimen of interval-compressed VDC/IE used in North America, with other reasonable regimens being VDC, VAI, and VIDE. There are more options for metastatic disease because interval-compressed VDC/IE has not been shown to improve survival in metastatic disease. However, the standard of care remains the same, as most physicians do not feel comfortable treating metastatic disease less aggressively then localized disease. However, more aggressive systemic therapy with myeloablative chemotherapy with an autologous stem cell rescue has not been demonstrated as advantageous when given as induction therapy. Nevertheless, at relapse, some studies have demonstrated increased survival in chemotherapy-sensitive disease with an autologous stem cell rescue after high-dose chemotherapy, with the 5-year survival rate approaching 40% to 50%.9 Given the poor outcome to standard chemotherapy, one should encourage patients to enroll in clinical trials when available, which offer the potential for improved outcomes.

The current COG Phase 3 clinical trial for metastatic EWS is AEWS1221. This trial explores the addition of ganitumab to the current standard of care of VDC/IE. Ganitumab is a monoclonal antibody directed against IGF1R. It prevents the binding of the natural ligand IGF-1, and therefore prevents activation of the signaling pathway PI3K/AKT. Inhibition of this survival signal is thought to inhibit tumor cell proliferation and cause an induction of tumor cell apoptosis. This is an excellent front-line therapeutic option for metastatic disease. Additionally, this COG trial looks at the effectiveness of compressed intervals (from 3 to 2 weeks) in metastatic disease, as it has been shown to be effective in localized disease but not previously tested in metastatic disease. For those patients with pulmonary metastases, it is recommended to administer whole lung radiation (at a dose of 12–15 Gy) after the completion of systemic therapy.

Relapse disease typically occurs within the first 2 years after the initial diagnosis, most often in either the lungs or the bones. Three factors that give patients the highest risk for relapsed disease are metastatic disease at the time of diagnosis, a primary lesion in the pelvis, or a poor histologic response to neoadjuvant chemotherapy.5 Recurrent EWS has an estimated 5-year OS rate of <15%. However, those who have local relapsed disease or later relapsed disease do still have a potential for cure. Researchers Rodriguez-Galindo et al. at St. Jude Children’s Research Hospital reviewed their data of relapsed EWS patients. The 5-year relapse-free survival rate was 18%. However, those who relapsed >2 years from diagnosis had a 5-year relapse-free survival rate of 35%. In addition, those with isolated local relapse only had a slightly higher 5-year relapse-free survival rate of 22% versus the general 18%.14

In relapsed disease, enrollment into a clinical trial should also be strongly considered. However, if trials are not available, the patient does not qualify, or the patient declines, a few different therapeutic regimens exist.5 The two more commonly used regimens that give about 25% response rate are cyclophosphamide with topotecan and temozolomide with irinotecan plus vincristine. Another two options that have been used, with a lower response rate, are high-dose ifosfamide or gemcitabine plus docetaxel. The consensus opinion among experts in the field is to use the combination of temozolomide with irinotecan as the first option.5 It is intriguing that if an irinotecan-containing regimen fails, a patient would still be able to use a topotecan-containing regimen; despite being in the same family of drugs, they have different patterns of resistance. It is important to note that the response rates to the cyclophosphamide/topotecan regimen were correlated with the relapse interval. Those 206who had disease progression while receiving therapy did not respond to this regimen. However, if >2 years had passed since the completion of therapy, then there was about a 50% response rate to this regimen.5

Cure is difficult to achieve in those patients with relapsed disease; patients who do receive therapy typically have a temporary response, with the median postrecurrence survival ranging from 9 to 17 months.5 From a quality of life perspective, it is important to note that those with painful lesions will typically respond to palliative radiation. There is insufficient data to support the use of high-dose chemotherapy with autologous stem cell rescue in these patients with relapsed disease at this time. A recent review by Tenneti et al.9 looked at the role of high-dose chemotherapy and autologous hematopoietic stem cell rescue (HSCT). It appears that giving high-dose chemotherapy followed by autologous HSCT after consolidation chemotherapy improved survival for some patients with EWS. In most of these studies, those who had high-dose chemotherapy followed by HSCT had an OS rate of 20% to 60% at 1 to 2 years and those who received consolidation chemotherapy had an OS rate of 20% to 25% at 5 years. The EFS rate for those with relapsed disease was 25% at 1 to 2 years for those with consolidation chemotherapy alone compared to 42% to 47% in those who had HSCT.9 Those that received high-dose chemotherapy followed by HSCT in induction did not demonstrate a survival benefit. However, the heterogeneity of the studies reviewed was so significant that no conclusive statement could be made. A prospective randomized controlled study is needed for these patients.

FOLLOW-UP

Once a patient has completed therapy and is in remission, there is a consensus that surveillance follow-up should be conducted for every patient. Surveillance consists of primary site imaging, lung imaging, and lab tests at various intervals: the first year it should be every 3 months, the second year every 3 to 4 months, the third year every 4 to 6 months, and then yearly during the fourth and fifth years after treatment. The primary site should have an x-ray exam and/or MRI with contrast. The MRI is necessary for those with a soft tissue primary lesion, as it will not be seen on x-ray. The lung surveillance consists of a non-contrast CT in the first and second years, followed by x-ray studies. Some patients will need follow-up nuclear medicine imaging, depending on if the PET/CT or bone scan at diagnosis was positive. However, if at diagnosis the nuclear medicine scan was negative, then no follow-up scans are needed. Given the cumulative dose of anthracyclines given during EWS treatment, an echocardiogram is recommended every 1 to 2 years, as is a complete blood count with differential.

SUMMARY

Though EWS is the second most common primary bone malignancy of childhood and young adulthood, it is a rare tumor. While most oncology practices will likely encounter some patients with EWS, only high-volume sarcoma centers see enough patients to truly develop expertise with this family of tumors. While the chemotherapy used is familiar to most oncologists, and general approach to treatment is relatively straightforward, the care of these patients is nuanced and can easily become exceedingly complex. At the very minimum, consultation with a high-volume sarcoma center, including involvement of properly trained and experienced orthopedic, medical/pediatric, and radiation oncologists, along with radiologists and pathologists, is essential for assuring the best outcome for these patients. Additionally, support services, including physical therapy, psychosocial services, and fertility preservation experts, are extremely valuable. These tumors require a multidisciplinary team approach, with excellent communication between the various members of the care team. Metastatic disease, the potentially significant side effects of the treatment regimens, and/or relapsed disease raise the complexity of the care of these patients exponentially and underscore the importance of expert involvement.

Biologically, EWS is one of the genetically “quietest malignancies,” driven by the defining translocation of EWSR1–FLI1. Despite this, much work is still needed to understand the underpinnings and heterogeneity within this family of tumors. Innovative treatments are currently being tested in clinical trials, with more to come. Sarcoma centers are propelling these advances in research and therapy, and should coordinate and collaborate with other centers and community practitioners to optimize the care for patients affected by this challenging malignancy.

 





207CASE STUDY

Among the magnitude of cases that could be used to illustrate the complexity of EWS, this case was selected to demonstrate the importance of seeking treatment from teams with extensive experience in treating sarcomas, such as those that can be found at the sarcoma centers. This patient was a 20-year-old woman who initially presented with right-sided chest pain. The pain continued to worsen to the point that she sought medical care. Of note, at this time, the patient lived with her family outside the United States. The primary team initially did an ultrasound exam and chest radiograph to assess the area, and a bone mass was revealed arising from the right tenth rib. The patient was then referred to a surgical team. The surgical team attempted a complete resection of the mass and the right tenth rib at the time of diagnosis. The pathology returned as EWS, as fluorescence in situ hybridization (FISH) was positive for EWSR1–FLI1 translocation. Unfortunately, for the patient, the correct surgical approach was not taken. In EWS of the chest wall/ribs, the standard approach is to remove the ribs above and below the lesion. Additionally, upfront surgery is not recommended for EWS, and instead, local therapy is typically to be done only after 12 weeks of chemotherapy. This approach increases the likelihood of negative margins, thus decreasing the risk for relapse. In contrast, this patient’s surgery was done in her country of origin prior to any neoadjuvant chemotherapy. The patient then presented to pediatric oncology about 2 months after surgery. A repeat comprehensive staging workup was completed, including imaging of the primary site, chest CT, and a PET/CT. At this time, she was found to have metastatic disease with pulmonary nodules on the chest CT, which were not present initially at the time of her diagnosis. There were about six small pulmonary nodules of 2 to 3 mm in different areas of the left lower lobe of lung. In addition, the PET/CT was positive at the site of the initial lesion. Postsurgical changes could be seen; but given the time since surgery (about 2 months), the PET/CT was concerning for active disease. She was offered clinical trials, but did not enroll. She was then treated with interval-compressed VDC/IE. After 12 weeks of therapy, radiation was used for local control. She received right flank radiation at a dose of 50.4 Gy in 28 fractions. She then continued with consolidation therapy for 16 additional weeks. At the conclusion of her systemic therapy, she received whole lung radiation of 15 Gy in 10 fractions. Fourteen months after completion of therapy, she remains disease free, though still at high risk for recurrence. This case demonstrates two very important components of optimal care for EWS patients: the multidisciplinary approach with each team member (surgeon, medical/pediatric oncologist, radiation oncologist, pathologist, diagnostic radiologist) having a full understanding of the disease and how it is best treated and the need for comprehensive staging workup at diagnosis and relapse. Adherence to the recommended treatment guidelines could have altered the patient’s outcome. To date, the patient remains disease free, but concern remains that the inappropriate surgical approach upfront has negatively impacted her prognosis. Another important feature of this case is that patients with EWS should be seen without delay by an experienced multidisciplinary team because of the risk of developing metastatic spread if systemic therapy is delayed. In this case, the patient may have been spared the addition of RT to both the chest wall and lungs, which places the patient at risk for future lung fibrosis and other secondary complications.
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Alveolar Soft Part Sarcoma



Emily E. Jonczak and Breelyn A. Wilky


Alveolar soft part sarcoma (ASPS) is a rare, translocation-driven soft tissue sarcoma (STS) classically affecting adolescents and young adults. The disease was first formally described in 1952 by Christopherson et al., who coined the term “alveolar soft part sarcoma” based on its unique histologic features, which included the presence of an organoid to pseudoalveolar pattern and large eosinophilic tumor cells. Clinically, ASPS is known for its indolent behavior, propensity to metastasize early, and inherent resistance to conventional doxorubicin-based chemotherapy typically employed in the management of STS. Given the rarity of ASPS, the majority of our understanding of the disease comes from small case series, retrospective analysis, and clinical experience. This chapter reviews the epidemiology, clinical presentation, diagnostic approach, molecular drivers, and treatment options for ASPS.
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Alveolar soft-part sarcoma [is] a type of soft-part sarcoma quite unlike any well-documented tumor of which we are aware. … Even though one cannot classify a tumor, it is desirable to recognize it as something one does not fully understand, for only through such recognition can one offer opinions as to probable behavior.

—William M. Christopherson, et al., 19521



INTRODUCTION

Alveolar soft part sarcoma (ASPS) is a rare, translocation-driven soft tissue sarcoma (STS) classically affecting adolescents and young adults. The disease was first formally described in 1952 by Christopherson et al., who coined the term “alveolar soft part sarcoma” based on its unique histologic features, which included the presence of an organoid to pseudoalveolar pattern and large eosinophilic tumor cells.1 Further description of ASPS is credited to Dr. Pierre Masson, who first described the intracytoplasmic crystalline structures in his 1956 text, Tumeurs Humaines: Histologie, Diagnostics et Techniques.2 With advances in technology and our improved understanding of molecular genetics, we further elucidated that ASPS is defined not only by its characteristic histologic features but also by a conserved unbalanced translocation t(X;17)(p11;q25), which leads to a chimeric ASPL–transcription factor E3 (TFE3) fusion protein that leads to aberrant transcription.3,4

Clinically, ASPS is known for its indolent behavior, propensity to metastasize early, and its inherent resistance to conventional doxorubicin-based chemotherapy typically employed in the management of STS. Given the rarity of ASPS, the majority of our understanding of the disease comes from small case series, retrospective analysis, and clinical experience. The discovery of the ASPL–TFE3 fusion protein and identification of angiogenic factors as critical mediators of ASPS pathophysiology has opened new doors to the exploration of novel treatment options including the use of tyrosine kinase inhibitors (TKIs) and most recently, modern immunotherapy including immune checkpoint inhibitors (ICIs). In this chapter, we review the epidemiology, clinical presentation, diagnostic approach, molecular drivers, and treatment options for ASPS.

EPIDEMIOLOGY

While STSs are a rare and heterogeneous group of cancers with an estimated 13,040 new cases diagnosed in 2018 representing only 0.8% of all new cancer diagnosis, ASPS accounts for <1% of newly diagnosed STS cases.5 Based on data from the Surveillance, Epidemiology, and End Results (SEER) database, a mere 267 new cases were diagnosed in the United States between 1973 and 2014.6 Most commonly, ASPS presents in young adults between the ages of 15 and 35. Diagnosis before age 30 has been shown to have a female-to-male predominance, with reversal of this ratio in patients older than 30 at the time of diagnosis.4,7 No links to particular ethnicity or race have been reported.

CLINICAL PRESENTATION AND NATURAL HISTORY

ASPS frequently presents as a slow-growing mass in the deep tissues of the extremities, typically in the buttock and thighs. This is the primary disease site in approximately 60% of adult patients. Alternatively, unusual primary disease sites have been described, including the gastrointestinal tract, 210female genital tract, mediastinum, breast, urinary bladder, bone, and lung. Children with ASPS commonly present with tumors in the orbits or head and neck region. Given the indolent nature of the tumor, patients often do not develop functional impairment and describe a history of a slow-growing mass over years. Most commonly, patients present once the mass has become symptomatic or with signs and symptoms of metastatic disease. Gastrointestinal bleeding, vaginal bleeding, and proptosis have been reported as the presenting symptoms in patients with unusual disease sites. On physical exam, the clinician may appreciate a pulsatile mass and bruit on auscultation, as these tend to be highly vascular tumors (Figure 15.1A).4,8

A recent case series of 69 patients diagnosed with ASPS retrospectively reviewed from four major institutions reported that the median age at diagnosis was 17 years and 64% of patients were female.8 The primary sites of disease included limbs (58%), trunk/retroperitoneum/pelvis (16%), and less commonly, tongue/pharynx (9%) and orbits (3%). All the 26 patients tested for ASPL–TFE3 translocation were positive. Thirty-one patients presented with localized disease with Intergroup Rhabdomysarcoma Study (IRS) staging I, II, and III being 28%, 10%, and 7%, respectively. Thirty-eight (55%) of the patients had stage IV disease at the time of diagnosis. The sites of metastatic disease included lung (97%), bone (26%), and brain (4%). In the 31 patients presenting with localized disease, the 5-year event-free survival (EFS) rate was 80% and overall survival (OS) rate was 87%; alternatively, in those presenting with stage IV disease, the EFS and OS rates were 7% and 61%, respectively.8

In another relatively large series of 70 patients over 39 years from MD Anderson Cancer Center (MDACC), the population was slightly older with a median age of 26 years.9 Overall, 51% of patients in this series were female; however, in patients over the age of 30, 58% of the patients were male. Metastatic disease at diagnosis was detected in 65% of patients.9 At a median follow-up of 9 years, two of 22 patients who initially presented with localized disease developed local recurrence and three of 22 patients developed metastatic disease to the lungs. Five-year disease-free survival (DFS) rate of patients with localized disease was 71% and OS rate was 88%. In contrast, the median survival of patients with metastatic disease was 40 months, with a 5-year survival rate of 20%. Importantly, this series revealed an even higher proportion of patients with brain metastases. In contrast to other subtypes of STS, where brain involvement is rare, nine of 48 patients (19%) who presented with metastatic ASPS were noted to have brain lesions, which were always found in the presence of metastases to other sites as well. No patients with isolated brain lesions as the sole site of metastasis were identified, suggesting that routine intracranial imaging is unlikely to benefit patients without evidence of other metastatic disease.

Despite the historically dire prognosis of metastatic disease, it is critical to recognize that not all patients will experience rapid disease progression. Like other indolent STSs, such as epithelioid hemangioendothelioma, some patients may have relatively low-burden metastatic disease in the lungs that can remain stable and controlled without progression for months to years. In the MDACC series, two patients were noted to be alive with disease for 11 and 28 years, respectively, after the diagnosis of metastatic ASPS. Because of this observation, many providers will opt for close monitoring for newly diagnosed metastatic patients to identify patients with indolent biologic behavior and to reserve treatment for radiographic or symptomatic disease progression.

DIAGNOSTIC APPROACH

Given the rarity of this tumor, high clinical suspicion is required for accurate diagnosis. Like any soft tissue mass, early evaluation with gadolinium-enhanced MRI is critical to identify features suggestive of a malignant process. Referral to a multidisciplinary sarcoma center for initial management, including biopsy, pathologic review, and surgical resection for localized disease, is paramount for the best outcomes.10 Initial staging should include a high-quality contrast-enhanced CT scan of the lungs, as well as abdomen, pelvis, and bone scan. PET/CT scan may be useful to identify occult lesions particularly in advanced disease, but early lung metastases are often subcentimeter in size and below the threshold of PET detection. Additionally, PET avidity is variable, particularly given the indolent nature of some ASPS. MRI of the brain should be performed at diagnosis and periodically in patients with metastatic disease in other sites.

Radiographic Features

ASPS tumors appear highly vascular on angiography and MRI with evidence of torturous, dilated veins (Figure 15.1B and C). On MRI, it is typical to see signs of prominent venous vasculature and high signal intensity on T1- and T2-weighted images. Cui et al. performed a retrospective analysis of 211MRI features in a case series of 12 patients with ASPS confirmed by pathology. They concluded that low signals or radiating flow voids accompanied by high signals of slow blood flow or blood sinuses in the center part of the tumor have high significance for the diagnosis of ASPS.11 Ultrasound can also reveal vascular flow through ASPS lesions, which can sometimes be mistaken for large hemangiomas. In metastatic disease, virtually all patients will have innumerable lung metastases, and remarkably most patients can tolerate substantial burden of disease with mild clinical symptoms such as cough or decreased exercise tolerance (Figure 15.1D).12



[image: ]

FIGURE 15.1  Clinical, radiographic, and pathologic features of ASPS. (A) Clinical image of large soft tissue mass of the left upper arm. (B) Angiogram of right lower extremity showing marked vascularity of the ASPS tumor with large tortuous arteries and veins and arteriovenous shunting. (C) MRI showing sagittal view of large lower extremity tumor. (D) CT of the chest showing substantial burden of metastatic disease common in ASPS. (E) Biopsy stained with hematoxylin and eosin, low-power view, showing the organoid and pseudoalveolar appearance of the tumor with central clearing and thin-walled vascular spaces.

ASPS, alveolar soft part sarcoma.

Source: Figure 15.1B reproduced with permission from Temple HT, Scully SP, O’Keefe RJ, et al. Clinical presentation of alveolar soft-part sarcoma. Clin Orthop Relat Res. 1994:300: Figure 5, p. 216. PMID:8131338.





212Histopathologic Features

ASPS has a distinctive appearance microscopically and interestingly varies little from case to case; however, the differentiation and cell origin remain ambiguous. Uniform organoid nests of polygonal tumor cells, separated by fibrovascular septa, and delicate capillary-sized vascular channels define the histologic appearance (Figure 15.1E). The “alveolar” component of the name is due to the pseudoalveolar pattern, which appears to be due to necrosis of centrally located cells in the nests. Intravascular extension is present at the periphery in nearly all cases and may contribute to the high rate of metastatic disease. The cells often contain an abundant eosinophilic cytoplasm with a central nucleus and prominent nucleolus and intracytoplasmic crystals.3

The role of immunohistochemistry has historically been limited for the diagnosis for ASPS. Typically, these tumors are negative for epithelial markers including cytokeratins and epithelial membrane antigen, negative for neuroendocrine markers such as chromogranin A and synaptophysin, and negative for melanocytic markers including HMB-45 and Melan-A. Nonspecific markers including desmin and antibodies to actins in pan, smooth, and skeletal muscle have been reported to be positive in nearly 50% of patients. This has been an area of interest, given the controversy over cell of origin and possible myogenous differentiation.3

MOLECULAR AND BIOLOGIC DRIVERS

ASPS is defined by a tumor-specific translocation, t(X;17)(p11;q25).13 This translocation results in a fusion of the transcription factor TFE3 located on Xp11.22 with a novel gene at 17q25 named ASPL, also known as ASPSCR1. Detection of this translocation can be achieved through polymerase chain reaction (PCR) or identification of TFE3 rearrangements by fluorescence in situ hybridization (FISH). Historically, a small subset of ASPS has been thought to be fusion negative; however, with modern whole-genome sequencing, the fusion is generally detected in these patients, likely with an alternative breakpoint that is missed by FISH probes. The recognition of this translocation provides an important diagnostic tool in differentiating ASPS from other tumor types based on histology alone, including renal cell carcinoma, hepatocellular carcinoma, paraganglioma, granular cell tumor, melanoma, and adrenal cortical carcinoma. It is important to note that some renal cell carcinomas have also been shown to be driven by related TFE3 translocations.14

The ASPS1–TFE3 fusion protein acts through altered regulation of activity of TFE3, a member of the microphthalmia transcription factor (MITF) transcription factor family, which drives ASPS biology through aberrant transcription and upregulation of several key pathways. First, a TFE3-binding site is located in the promoter of the proto-oncogene MET, which encodes the tyrosine kinase receptor c-MET, and multiple studies have identified increased functional protein production of c-MET and its ligand hepatocyte growth factor (HGF) in the setting of ASPS1–TFE3 activity.15–17 Downstream effects include upregulation of MAPK (mitogen-activated protein kinases)/ERK (extracellular signal-regulated kinases) and AKT (protein kinase B) pathways, key oncogenic regulators in other types of cancer. Additionally, numerous proangiogenic factors including vascular endothelial growth factor (VEGF), midkine, angiogenin, hypoxia-inducible factor 1 alpha (HIF-1alpha), and transforming growth factor beta (TGF-beta) have been shown to be highly expressed in ASPS, with subsequent chromatin immunoprecipitation analysis confirming direct binding of the fusion protein to the promoters of some targets such as angiopoietin-like 2 protein.18 However, the majority of upregulated angiogenesis genes have not been shown to be direct transcriptional targets.

Emerging evidence suggests that ASPS biology, including the dependence on angiogenesis, may be highly impacted by the tumor, stromal, and immune microenvironmental factors. In a mouse model of ASPS, with conditional and inducible expression of the ASPSCR1–TFE3 fusion gene transcript, lactate critically affected tumor cell metabolism, induced HIF-1alpha stabilization, and enhanced proliferation and angiogenesis.19 Additionally, a different ex vivo mouse model of ASPS demonstrated that the tumor-associated vasculature permitted intravasation of tumor cells surrounded by nonmalignant 213hemangiopericytes, a phenomenon observed in human ASPS as well.20 The authors postulated that hemangiopericytic encapsulation might protect tumor cells from attack by the immune system and facilitate metastatic spread.

The natural history of ASPS, with a prolonged indolent state followed by rapid tumor growth and metastasis, suggests that the human immune system may be capable of suppressing the growth of ASPS at least initially. The cancer immunoediting hypothesis describes an initial period of equilibrium, where the immune system is capable of suppressing tumor cell growth and proliferation; but with acquisition of additional immune evasion mechanisms, immunoedited resistant clones gradually take over and escape, leading to clinically apparent tumors.21 A few case reports have described spontaneous regression of ASPS metastatic lesions, particularly after resection of the primary tumor.22 Patients undergoing metastasectomy in the setting of limited disease generally show improved OS, which can also be seen in other types of STS. Features consistent with an immunosuppressive microenvironment in ASPS tumors include robust stroma and angiogenic networks, expression of genes like TGF-β, a potential immunosuppressive cytokine, as well as reports of expression of the immune checkpoint protein programmed-death ligand 1 (PD-L1).

Another potential mechanism in which ASPL–TFE3 may play a role in tumorigenesis and promote an immunosuppressive microenvironment was investigated by Ishiguro et al., who demonstrated that in vitro models with ectopic expression of ASPS1–TFE3 resulted in cell cycle arrest and increased levels of protein and mRNA of p21 (p21WAF1/CIP1). When ASPL–TFE3 was expressed in human bone marrow mesenchymal stem cells, they observed upregulation of p21 and induction of senescence-associated galactosidase activity. When p21 was suppressed, they observed significant decrease in the induction of ASPL–TFE3-mediated cellular senescence. Furthermore, the expression of ASPL–TFE3 was shown to induce proinflammatory cytokines including interleukin (IL)-1, IL-6, and IL-8 with senescence-associated secretory phenotype (SAPS), which further promote an immunosuppressive tumor microenvironment.23 Finally, faulty metabolism within tumor sites, including lactate dependence, has been recently shown to greatly impact the activity and functionality of tumor-infiltrating lymphocytes, which could be a critical factor in ASPS.24 Overall, further exploration and characterization of the immune microenvironment in ASPS are critical, particularly given the early activity observed with immunotherapy.

TREATMENT CONSIDERATIONS

Management of the Primary Tumor

The definitive treatment for ASPS with localized disease is complete surgical resection upfront. In a recent SEER analysis of 251 patients with ASPS from 1973 to 2012, 67% of patients had locoregional disease at presentation and 43% had distant metastasis. The 5-year OS rate for patients was 56%; but for those with localized disease, it was 82% and for those with distant metastasis at presentation, it was only 27%. The analysis identified that older age at diagnosis, tumor size >10 cm, distant metastasis, and truncal primary site were independent risk factors predicting worse OS. For the patients with localized disease, the analysis found that patients treated with surgery plus radiation had improved OS in comparison to surgery alone (p = .014); however, even for patients with distant metastasis, surgery of the primary site significantly improved OS (p < .001).25

The surgical margins postoperatively and/or the presence of metastatic disease have largely guided the clinician’s decision to treat with chemotherapy and/or radiation in the adjuvant setting. It is largely accepted that ASPS is resistant to typical sarcoma doxorubicin-based chemotherapy regimens. Based on one European review of the literature of 68 patients who received upfront chemotherapy with anthracycline- or ifosfamide-containing regimens, only 4% achieved complete remission (CR), 3% had partial response (PR), 41% had stable disease, and 51% had progression of disease.26 In another prospective European study in the pediatric population, 22 patients with a diagnosis of ASPS were evaluated. The patients were risk stratified postoperatively based on the completeness of the resection, IRS staging, and the size and grade of the tumor. Chemotherapy with doxorubicin and ifosfamide was offered to patients in IRS group III (local tumor that has not metastasized, but cannot be completely resected) and radiation was performed in patients in IRS groups II and III (II: resected with positive margins) and/or with tumor grades 2 and 3. The majority of patients (20) had localized disease and 19 had upfront surgical resection. Of the four patients who received conventional chemotherapy, none had a response. Three of 20 patients with localized disease later developed metastasis; all patients were alive at median follow-up of 61.7 months from diagnosis and the 5-year EFS rate was 94.7% and the OS rate was 100%. Of the three patients who developed metastasis, two had IRS I and small tumors <5 cm at the time of diagnosis and were treated with resection alone, developing 214metastatic relapse at 10 years and 4 months, respectively. The third patient was IRS III and was initially treated with two cycles of doxorubicin and ifosfamide followed by surgery and radiation; the patient developed metastatic relapse after 85.8 months.27

Overall, primary ASPS lesions should undergo complete resection when possible without significant morbidity, even in the setting of low-burden metastatic disease, and remains the best strategy for cure. Unfortunately, metastasis is common even in tumors <5 cm and recurrence can occur after a much longer disease-free interval than in other STSs, even a decade beyond the primary tumor diagnosis.28,29 Therefore, these patients should be followed closely with serial imaging of the initial primary site with MRI or ultrasound and long-term chest imaging with CT scans while weighing the risks of radiation exposure from imaging versus early detection of metastatic disease. At the time of development of metastatic disease, like in other STSs, selected patients may benefit from metastasectomy, although the overall effect that surgical resection has on survival in these patients is unclear.30

Management of Metastatic Disease

Anti-VEGF Receptor TKIs

As discussed in the section “Molecular and Biologic Drivers,” upregulation of angiogenesis-related transcripts has been identified in ASPS, prompting clinical investigation of antiangiogenic TKIs. Although none of these drugs are approved by the U.S. Food and Drug Administration (FDA) specifically for this indication, overall, anti-VEGF receptor TKIs have proved the most effective therapies for ASPS to date. Most of the data support the activity of cediranib, based on two completed clinical trials in the United States and Europe. The international CASPS trial compared cediranib versus placebo in patients with metastatic ASPS in a Phase 2, 2:1 double-blind randomized trial. Patients were unblinded at 24 weeks or sooner if the disease had progressed, and those in the placebo arm were allowed to crossover to cediranib if they had progressed. The primary endpoint was a percentage change in the sum of target marker lesions, with progression-free survival (PFS) and RECIST (Response Evaluation Criteria in Solid Tumors) response rate being the secondary endpoints. Forty-four evaluable patients were recruited between 2011 and 2016 from 12 centers in the United Kingdom, Australia, and Spain. Median change in target lesions was −8% in cediranib versus 13% in placebo (p = .0013). Best response at 24 weeks was RECIST partial response seen in six of 28 patients on cediranib versus zero of 16 receiving placebo. Median PFS on cediranib was 10.8 months versus 3.7 months in the placebo arm. CAPS is the largest randomized trial to date and confirms the activity by reduction in tumor burden and improvement in PFS.31 Kummar et al. also observed substantial single-agent activity of cediranib in treatment of metastatic ASPS in a Phase 2 trial of cediranib 30 mg daily. They enrolled 46 patients and 43 were evaluable at the time of analysis. The primary endpoint of objective response rate (ORR) was 35%, with 15 of 43 patients achieving a partial response. Twenty-six patients (60%) had stable disease at 24 weeks. The disease control rate (partial response or stable disease) was 84% at 24 weeks. These results led to an ongoing open-label, multicenter, randomized Phase 2 trial for patients with metastatic ASPS comparing cediranib with another VEGF receptor inhibitor, sunitinib (ClinicalTrials.gov Identifier: NCT01391962).32

Anlotinib is a similar pan-VEGF receptor TKI with remarkable activity in ASPS. In a report of the Phase 2B trial conducted in China, out of 56 patients with ASPS, the median PFS was 18.23 months with anlotinib versus 3 months with placebo.33 An ongoing Phase III trial in the United States includes an ASPS arm with open-label dosing of anlotinib, with intent for registration (ClinicalTrials.gov Identifier: NCT03016819). Activities of multiple other anti-VEGF receptor TKIs have been reported in the literature, including a small Phase 2 trial with pazopanib, which is FDA approved for other types of STS. Out of six patients, one achieved partial response and five showed stable disease with a median follow-up of 33 months. PFS was 5.5 months and OS was not reached.34 Sunitinib has also been used regularly in the off-label setting, with one study of 15 ASPS patients reporting six patients with partial response, eight with stable disease, and one with progressive disease. The median PFS was 19 months, median OS was 56 months, and 5-year OS was 49%.35 Several other therapies targeting VEGF have been reported in case studies and small clinical trials, including dasatinib, bevacizumab, and apatinib. A Phase 2 trial of dasatinib was conducted in patients with ASPS, chondrosarcoma, chondroma, epithelioid sarcoma, or solitary fibrous tumor. Twelve of the 109 patients had ASPS. The 6-month PFS, 2-year OS, and 5-year OS rates for patients with ASPS were 62%, 50%, and 30%, respectively.36 A case report of single-agent bevacizumab, a monoclonal antibody against VEGF, showed marked improvement in symptoms and prolonged PR of lung metastasis of 16 months in an elderly patient who had previously failed sunitinib.37 A case report showed a single patient with metastatic ASPS at diagnosis to the lungs which was treated with surgical resection of the primary mass and chemotherapy with gemcitabine–docetaxel 215with progression after two cycles. The patient was subsequently placed on apatinib 500 mg/day, a VEGFR-2 inhibitor, and achieved partial response at 1 month of therapy and remained progression free till the date of publication.38 In general, these drugs are reasonably well tolerated, with common toxicities including neutropenia, thrombocytopenia, hypothyroidism, hypertension, and hand–foot syndrome.35 These numerous examples suggest that blockade of VEGF receptors exhibits promising therapeutic advancement in the treatment of metastatic ASPS.

Targeting c-MET

With c-MET identified as a direct target of the fusion protein, the selective MET inhibitor tivantinib was also evaluated in a clinical trial including ASPS patients. Tivantinib appears to work through a different mechanism of action to block angiogenesis by impairing MET activity and likely having downstream effects on VEGF receptor activity. A multicenter, single-arm Phase 2 clinical trial was conducted on patients with advanced MITF-associated tumors. This is a rare group of tumors, which includes ASPS, clear cell sarcoma, and translocation-associated renal cell carcinoma, in which dysregulated expression of oncogenic MITF family transcription factors is found. The MET receptor tyrosine kinase gene is transcriptionally activated by MITF proteins, including TFE3. The study enrolled 47 patients with a median age of 25 years, of whom 27 had ASPS. They received tivantinib 120 mg orally twice daily and then 360 mg twice daily as per the protocol. The primary endpoint was overall response rate and the secondary endpoints included safety and PFS. There were no responses observed; however, stable disease was seen in 28 patients (60%), and median PFS was 5.5 months in the ASPS arm.39

Of notable interest, two patients with ASPS were long-term responders to tivantinib. The first was a 15-year-old girl diagnosed with ASPS on the left thigh with widely metastatic disease in the lungs at the time of diagnosis in 2007. She was previously treated with resection of the primary mass, radiation to the surgical bed, and resection of a tumor nodule in her lung. She was started on sorafenib, but was discontinued after 4 months because of progression of disease in the lungs. She was enrolled on the clinical trial, at which time she had several pulmonary nodules, which have been stable since last reported in a case series in January 2013. The second excellent responder was a 12-year-old boy with ASPS on the left thigh again with numerous lung lesions at the time of diagnosis in 2007. He was treated with preoperative radiation followed by resection of the primary mass. He was started on imatinib 600 mg daily for 4 months, but had progression of disease in the lungs. He was enrolled on the study and two target lesions in lungs have been closely followed. He was maintained on tivantinib for 199 weeks with stable disease as of January 2013. The prolonged stability of disease observed in these patients suggests this agent may show benefit in combination with another TKI or immunotherapy in the future.40

Overall, while the use of VEGF-receptor and MET TKIs has proved ability to stabilize ASPS, with some patients remaining on these agents for years prior to progression, complete responses are rare and these therapies are not curative.

Immunotherapy for ASPS

In the past decade, we have seen a revolution in cancer therapy with the development of modern immunotherapy, including ICIs. Monoclonal antibodies to the immune checkpoints CTLA-4 and the programmed death 1 (PD-1)/PD-L1 axis block suppression of T-cell activation and cytotoxicity, and have shown remarkable activity in numerous chemotherapy-refractory solid and hematologic malignancies. In sarcomas, the first trials of checkpoint inhibitors have shown meaningful and durable responses in a small subset of patients, with response rates of just under 20% with anti-PD-1 antibody pembrolizumab monotherapy and combination CTLA-4/PD-1 blockade with ipilimumab and nivolumab.41,42 Unlike other cancers such as non-small cell lung cancer and urothelial cancer, in most cases, PD-1/PD-L1 expression has not been a reliable biomarker for the response to ICI in sarcomas, and additional biomarkers for patients likely to respond are still under investigation. However, early evidence of remarkable efficacy has been observed in patients with ASPS with checkpoint inhibitor therapy.

In a review of 50 patients enrolled in immunotherapy trials at MDACC with 14 different subtypes of sarcoma, four patients with metastatic ASPS who had received multiple prior lines of therapy were included. Two of the ASPS patients who received anti-PD-L1 therapy had partial responses nearing complete responses lasting 8 to 12 months and the other two achieved stable disease.43 Recently presented preliminary data from a study of the PD-L1 inhibitor atezolizumab for ASPS revealed eight out of 19 patients achieving partial response (42%), nine having stable disease, and one having progressive disease. The median time to first response was five cycles, and the median time on treatment was 11 cycles.44 In an ongoing study of tremelimumab/durvalumab, three of six patients with ASPS45 had 216achieved partial response at the time of presentation. One partial response was reported in the Alliance study of ipilimumab/nivolumab in an ASPS patient receiving nivolumab monotherapy.41

Tumor angiogenesis has been shown to be a major contributor to the immunosuppressive tumor microenvironment, with cytokines such as HIF-1α and VEGF promoting accumulation of suppressive phenotypes of macrophages, dendritic cells, myeloid-derived suppressor cells, and T cells.46 In melanoma and renal cell carcinoma, combinations of VEGF receptor inhibitors with immune checkpoint blockade have led to improved immune cell infiltration and tumor responses relative to either drug alone.47,48 In an early trial of granulocyte–macrophage colony stimulating factor (GM-CSF) secreting vaccines with autologous tumor lysates in patients with ASPS and clear cell sarcoma, investigators noted postvaccine induction of serum antibodies to downstream VEGF-mediated factors including tissue-type plasminogen activator and angiopoietins-1/2. PD-1 and PD-L1 were also expressed on cytotoxic T cells and tumor cells in posttreatment tumor biopsies.49 While no responses were seen, this was further evidence of a link between tumor angiogenesis and antitumor immunity in ASPS.

Given the importance of angiogenesis in the biology of ASPS, and the activity of anti-VEGF receptor TKIs in many types of STS, we conducted a Phase 2 trial of the anti-VEGF receptor TKI axitinib plus the anti-PD-1 checkpoint inhibitor pembrolizumab in patients with progressing, advanced, or metastatic ASPS and other STSs (ClinicalTrials.gov Identifier: NCT02301039). Out of 11 evaluable ASPS patients, six patients achieved partial response (54.5%, 95% confidence interval [CI]: 24.6–81.9) and two additional patients achieved stable disease for a clinical benefit rate of 72.7% (95% CI: 32.3–92.7). The median duration of response for ASPS patients was 29 weeks, with one patient maintaining partial response for 85 weeks before developing progressive disease and one patient who continues with a near-complete response for 94 weeks.50 All ASPS tumor biopsies were positive for PD-L1 expression on tumor cells with robust immune cell infiltrates, suggesting that ASPS likely displays an inflamed phenotype, which is correlated with the response to ICI in other types of cancer. However, further evaluation of escape mechanisms is critical, given that most patients still ultimately develop resistance to immunotherapy.

SUMMARY

ASPS is an exceedingly rare and unique subset of STS. Despite the initial indolent nature, the early tendency of ASPS to metastasize has historically made this an incurable and ultimately fatal disease in all patients, many of whom are young. With anti-VEGF receptor TKIs, outcomes have clearly improved over the past several years; however, despite prolonging the disease course, ASPS remains incurable in nearly all cases. The early activity of ICIs against PD-1/PD-L1 represents significant hope for these patients, and with better understanding of the biology and development of counteractive combinations to resistance mechanisms, cure may be achievable one day.

 





CASE STUDY

A 30-year-old woman with ASPS was originally diagnosed with a primary lesion of the tongue at the age of 3 years in February 1991. At the time of diagnosis, she underwent an initial resection of the lesion in February 1991 followed by re-resection in March 1991 with no residual disease appreciated. She was treated with adjuvant chemotherapy on protocol POG 8653 from March 1991 to February 1992 with vincristine, D-actinomycin, and cyclophosphamide. She did well until the age of 6 (September 1994), at which time she had a recurrence in the chest and underwent right lower lobe thoracotomy and wedge resection. Remarkably, she was disease free until the age of 17 (2005) when she again incidentally was found to have a chest wall mass. Between 2005 and 2009, she required three wedge resections for recurrent masses in the lungs. No additional chemotherapy or radiation was given for these events.

She remained disease free between 2009 and 2012. Her next recurrence was identified during pregnancy when she was noted to have a left ventricular cardiac mass. She underwent an early cesarean section. After safe delivery, the mass regressed slightly and she was managed conservatively with observation until progression of the tumor in 2015. She was placed on sunitinib 37.5 mg orally daily in May 2015. By February 2016, her CT scans showed widespread 217metastatic disease with lesions in the liver, spleen, and soft tissue, including lesions in the infraspinatus muscle and the right intercostals. In March 2016, routine imaging prior to clinical trial enrollment identified multifocal brain metastasis requiring whole brain radiation. In May 2016, she was enrolled on a clinical trial combining a VEGF receptor inhibitor axitinib and the anti-PD-1 ICI pembrolizumab (ClinicalTrials.gov Identifier: NCT02301039). She achieved a durable partial response, with a decrease of >80% of her target tumor lesions. She remained on study for 20 months before developing autoimmune oligoarthritis related to pembrolizumab that required study treatment discontinuation. She is now 9 months off all treatments with stable, minimal residual disease. This case presentation highlights the unique biologic behavior of ASPS as an indolent tumor with high propensity to metastasize many years after the initial diagnosis, and highlights the complex, multidisciplinary approaches required including novel treatment modalities.
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Tenosynovial Giant Cell Tumor/Pigmented Villonodular Synovitis
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The term “pigmented villonodular synovitis” (PVNS) was coined in 1941 and is based upon the gross appearance of xanthomatous nodular densities arising in a synovial joint. Masses that arise from extra-articular synovial tissue of the tendon sheaths were also recognized, but it was unclear if these were neoplastic or reactive in etiology, and the terms giant cell tumor of tendon sheath (GCT-TS) and nodular tenosynovitis were used to describe these entities. More recently, the 2013 World Health Organization soft tissue classification schema categorized the origin of all of these entities as a “so-called fibrohistiocytic origin tumor,” termed tenosynovial giant cell tumor (TGCT) with the older traditional terms considered different forms of TGCT. The clinical spectrum of diseases caused by TGCT is broad, ranging from benign, small nodular growths in the tendon sheaths of the digits (giant cell tumor of tendon sheath, GCT-TS) to intra-articular soft tissue masses (PVNS), either focal or involving diffuse synovitis, with or without extra-articular extension, to a rarely found malignant tumor with fatal metastases. While surgical excision continues to be the initial treatment for both giant cell tumor of tendon sheath and localized PVNS, the management of diffuse PVNS is likely to evolve as other effective, nonsurgical therapies become available. This chapter reviews the diagnostic approach, recommended imaging, and general therapeutic approach for the different forms of TGCT.
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INTRODUCTION

A mass-like growth arising from the synovial tissue was described by several early authors,1–3 but it was not until 1941 that Jaffe and Lichenstein4 coined the term pigmented villonodular synovitis (PVNS), based upon the gross appearance of xanthomatous nodular densities arising in a synovial joint. This term continues to be used in modern parlance. Masses that arise from extra-articular synovial tissue of the tendon sheaths were also recognized, but it was unclear if these were neoplastic or reactive in etiology and the terms giant cell tumor of tendon sheath (GCT-TS) and nodular tenosynovitis were used to describe these entities. More recently, the 2013 World Health Organization soft tissue classification schema categorized the origin of all of these entities as a “so-called fibrohistiocytic origin tumor,” termed tenosynovial giant cell tumor (TGCT)5 with the older traditional terms considered different forms of TGCT (Figure 16.1).

The clinical spectrum of diseases caused by TGCT is broad, ranging from benign, small nodular growths in the tendon sheaths of the digits (giant cell tumor of tendon sheath, GCT-TS) to intra-articular soft tissue masses (PVNS), either focal or involving diffuse synovitis, with or without extra-articular extension, to a rarely found, but nonetheless described, malignant tumor with fatal metastases. This tumor usually occurs in middle-aged adults.6,7 Nearly always, clinicians encounter the benign nodular growth form in the tenosynovial tissues of the hand/wrist/foot or the intra-articular mass form in a synovial joint, most often the knee. When a nodular or solitary focal mass only is identified, the disease is considered localized. When multiple focal masses or extensive synovitis is present in a synovial joint, the disease is considered diffuse. The disease is usually monoarticular, with occasional polyarticular involvement when locally spread to a nearby, adjacent joint occurs, for example in the carpal joints of the wrist or the tibiotalar and subtalar joints of the hindfoot and ankle. Differentiation between a localized versus diffuse form of disease can be problematic when a focal intra-articular mass has some degree of reactive synovitis or changes from hemarthrosis present, but not sufficient to make a diagnosis of neoplastic involvement of the synovium.

Despite the plethora of names and clinical presentation, the histologic findings (Figure 16.2) are the same for each of these entities, with the exception of the malignant type.5

For many years, the management of this disease has been focused on the local control of the disease, which could be slowly destructive to local tissues resulting in debilitating arthritis, or relatively indolent with minor symptoms that cause minimal disability for patients. More recently, research findings have clearly identified the clonal, neoplastic growth of this disease and molecular insights into the genetic background of the tumor have opened the door to targeted therapies that are under investigation.

ESTIMATED INCIDENCE PER YEAR, GENDER, AND RACE

Incidence

TGCT is an uncommon benign tumor and according to cancer agencies, it is rare by any definition (National Cancer Institute: incidence <15 per 100,000 population; European Union: incidence <50 per 100,000). The true incidence of TGCT is not known exactly; however, three prior studies have provided some insight. From 1960 to 1976, Myers et al. performed a pathology review survey of 12 Tennessee hospitals finding 166 new cases of TGCT. When broken down by type, the incidence of GCT-TS was 9.2 cases per million population and for PVNS (localized and diffuse) 1.8 cases per million population.8 222From 1990 to 1997, a study from Edinburgh of localized type PVNS revealed an incidence of 20 cases per million.7 From 2009 to 2013, Mastboom et al. completed a survey of Dutch hospitals and found 2,815 cases involving digits and 1,323 cases involving nondigits. The incidences found were GCT-TS, 34 per million person-years; PVNS localized extremity, 11 per million; and PVNS diffuse, 5 per million.6 When adjusted for worldwide population data, the estimated incidences were GCT-TS, 29 per million; PVNS localized extremity, 10 per million; and PVNS diffuse, 4 per million.6
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FIGURE 16.1  Types of tenosynovial giant cell tumor and nomenclature commonly used.
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FIGURE 16.2  Diffuse-type tenosynovial giant cell tumor (pigmented villonodular synovitis): Hematoxylin and eosin-stained sections demonstrate a synovium-based hemosiderin pigment-laden neoplasm with papillovillous (A) and nodular architecture (B) (H&E ×100). Higher magnification reveals a diffuse proliferation of mononuclear cells in a background of multinucleate giant cells, histiocytes, and lymphocytes (C) (H&E ×200). The neoplastic mononuclear cells are large, epithelioid with eccentrically placed nuclei and a wreath-like deposition of hemosiderin (“ladybug” cells) (D) (H&E ×400).

H&E, hematoxylin and eosin.





223Gender

A slight predilection for females is present in all epidemiologic studies of TGCT. The Tennessee study found a female/male ratio of 1.25:1 (p < .01).8 The Dutch study had a similar sex distribution of female to male, 1.5:1.6 The Edinburgh study of localized PVNS had a female/male ratio of 1.6:1.7

Race

No studies have found any racial differences among black versus white versus other populations.

MOST COMMON PRESENTING SYMPTOMS

The clinical presentation for TGCT varies depending upon the anatomic site and disease type. For hand and foot localized disease, presentation was painless swelling (93%) in the Edinburgh study.7 Among the patients in the Tennessee study, GCT-TS patients most often presented with a mass (99%), of which 76% were asymptomatic. Among the PVNS patients, joint swelling (75%), pain (79%), or other dysfunction (37%) were much more common than a mass (10%).

Symptoms usually develop over a long period of time. When a synovial joint is involved, patients notice the intermittent joint effusions, probably related to hemarthroses, and also complain of mechanical symptoms of locking and catching. Trauma is unlikely to be etiologic, given the rarity of disease, yet minor trauma, even from daily activities, may herald the onset of symptoms, especially if hemarthroses develop. The initiation of prospective clinical trials for targeted therapy agents has resulted in the collection of patient-reported outcomes measures. In a Phase 1 trial of pexidartinib for diffuse (19) and localized (3) PVNS, the most common symptoms cited by patients were pain (82%), swelling (86%), stiffness (73%), reduced range of motion (64%), and joint instability (64%).9

DIAGNOSTIC APPROACH

The workup and subsequent diagnosis of TGCT is based upon clinical suspicion, after ruling out other more common intra-articular pathology, by performing a history and physical examination, MRI, and eventual tissue biopsy confirmation. Biopsy in the most common clinical scenarios will differ, depending upon the type of disease suspected and the anatomic site. For example, for GCT-TS involving either the digits, wrist, or other extra-articular sites, the size of the lesion is usually small, for example, <5 cm, and simple excisional biopsy is not only diagnostic but also adequate treatment for the disease. For the uncommon larger extra-articular lesions, concerns about a possible sarcoma are prudent and therefore incisional biopsy, or a core-needle biopsy, is warranted to preserve surgical options for a wide excision, should that become necessary. For intra-articular masses or joint synovitis, an arthroscopic biopsy is satisfactory, provided a sufficient amount of tissue is sampled. If the diagnosis can be made upon frozen section, then proceeding with surgical excision, as appropriate, under the same anesthetic can be undertaken. However, if a frozen section is equivocal, then it is optimal to delay any definitive procedure until the diagnosis is confirmed.

RADIOGRAPHIC FEATURES AND RECOMMENDED IMAGING

While plain radiographs are appropriate to look for either destructive joint changes or calcifications, which might suggest alternate diagnoses, the optimal imaging of TGCT is MRI (Figure 16.3).10–12 A gradient echo sequence is most diagnostic with the key finding being the blooming artifact that occurs from the presence of metal (iron) in the hemosiderin-laden tissue often present13 (Figure 16.3A). Other types of proprietary and nonproprietary gradient echo type sequences, for example, a fast field echo sequence, are acceptable as well.14 Both clinicians and imaging review centers for clinical trials use MRI for assessing both treatment response and surveillance for relapse.12,15 Metrics for measuring treatment response are lacking, however, as the Response Evaluation Criteria in Solid Tumors (RECIST)16 and Choi criteria17 have not been validated for this disease. Given the intra-articular and synovitic nature of some of the tumors, volumetric assessment using multiple MRI slices is likely to be the most accurate as opposed to measuring joint effusion or other parameters.

TGCT demonstrates hypermetabolic activity on PET, which is therefore a modality that is sensitive for detecting TGCT, either primary or recurrent; however, hypermetabolic regions must be differentiated from either metastatic or other primary sarcomas by either other techniques or clinical correlation as PET is not specific enough to make this distinction.18–20
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FIGURE 16.3  MRI of the right knee of a 26-year-old woman with several months of gradually increasing and intermittent knee swelling followed by 3 months of persistent knee swelling, decreased range of motion, and discomfort. (A) Sagittal gradient echo sequence demonstrating a dark signal void (blooming) of pigmented villonodular synovitis (arrow). (B) Sagittal T2 sequence demonstrating low to intermediate signal characteristic of pigmented villonodular synovitis (arrow) and periarticular bone erosion just proximal to the femoral condyle (star). (C) Sagittal fat-saturated proton density sequence also demonstrating low to intermediate signal of pigmented villonodular synovitis (arrow) and additional pigmented villonodular synovitis signal behind the posterior horn of the meniscus. (D) Axial fat-saturated T2 sequence showing pigmented villonodular synovitis in the lateral gutter (arrow). (E) Coronal T1 sequence shows low signal (arrow). (F) Coronal fat-saturated proton density sequence with pigmented villonodular synovitis next to femoral condyle (arrow).





225MOLECULAR ABERRATION DRIVING THE TUMOR

TGCT is a clonal neoplasm that is typically characterized by rearrangements, involving the short arm of chromosome 1 (1p11–13) besides chromosome 5 and 7 trisomies.21,22 The majority of the cases show rearrangements of the macrophage colony stimulating factor-1 (CSF1) gene located at the 1p13 locus.23 Although the most common translocation partner is COL6A3 at 2q37 [t(1;2)(p13;q37)],24,25 multiple other fusions, including a novel CSF1-S100A10 fusion gene and CSF1 transcript have also been documented.21,22,25,26 These aberrations can be detected by cytogenetic analyses, such as karyotyping and in situ hybridization as well as by reverse transcription polymerase chain reaction (RT-PCR) and RNA sequencing techniques. The neoplastic cells harboring the CSF1 fusion transcripts that induce overexpression of the protein constitute only a minority of the tumor mass, the bulk of which is made up of CSF1R (CSF1 receptor) containing reactive cells of the monocyte–macrophage lineage. This suggests the neoplastic cells create a tumor landscape that results in autocrine proliferation as well as the recruitment and induction of nonneoplastic macrophages and osteoclast-like giant cells.27 The overexpression of CSF1 and CSF1R is also seen in cases of TGCT that do not harbor translocations, suggesting alternative mechanisms of CSF1 upregulation.23,27 In addition to CSF1 overexpression, Huang et al.28 have shown alterations of cyclin A, P53, and 15q region in a cohort of malignant TCGT cases. The latter events may represent mechanisms leading to the rarely encountered malignant transformation in these tumors. From a management perspective, especially in cases that are recurrent or locally advanced, the abundance of CSF1R transmembrane tyrosine kinase receptors in these tumors offers a promising therapeutic target.

The differential diagnosis of TCGT includes other neoplasms and reactive synovitides, such as hemosiderotic synovitis, detritic synovitis, rheumatoid arthritis, crystal associated arthropathies, and chronic nonspecific synovitis that may result in synovial proliferation, inflammation, and hemosiderin deposition. However, these disorders do not exhibit a diffuse proliferation of mononuclear epithelioid cells in the typical heterogeneous background of multinucleate giant cells, histiocytes, and lymphocytes as seen in TCGT (Figure 16.2). In addition, although CSF1 may be overexpressed in the lining cells of some of the reactive entities,27 the characteristic molecular findings found in TCGT are not present in other diseases.

COMMON ANATOMIC LOCATIONS

Excluding the digits, the knee is by far the most common anatomic site for both localized and diffuse PVNS (46% and 64%, respectively).6 Other common sites for localized disease are the hand/foot (30%) and the wrist and ankle (17%), while for the diffuse form, the ankle (10%) and hip (9%) are more common, and the hand and foot are less common (6%).

GENERAL THERAPEUTIC APPROACH

Giant Cell Tumor–Tendon Sheath

As this usually occurs in the digits of the hand and foot or around the wrist and is localized, surgical excision is the mainstay of treatment (Table 16.1). Most clinical presentations involve a differential diagnosis of other types of tenosynovitis. Prior steroid injections may have been administered. Upon surgical exposure, either a xanthomatous type nodule or hypertrophic synovium is usually evident. Complete, gross total excision, en bloc as possible, results in successful local control of the disease in 85% to 90% of cases.29–32

Localized Pigmented Villonodular Synovitis

The clinical presentation of this type of disease is usually an intra-articular focal mass associated with mechanical symptoms of joint dysfunction. In many cases, the MRI alone, with appropriate gradient echo sequences, is sufficient to have a high index of suspicion for the disease. Usually the differential diagnosis includes other intra-articular masses, such as synovial chondromatosis, lipoma arborescens, rheumatoid arthritis, gout, or amyloid associated arthropathy. Intra-articular masses are almost always benign, although cases of intra-articular sarcomas have been reported. More often, an extra-articular sarcoma has grown through and invaginated the synovial membrane, appearing as an intra-articular mass.
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Optimal management is surgical resection of the mass.33–36 While this usually can be accomplished technically with arthroscopic techniques, this is only advisable as long as morselization is not required and the mass can be removed en bloc. If morselization is needed, the consequent intra-articular contamination will increase the risk of local relapse, and therefore, an open technique enabling an en bloc excision is preferable.

Diffuse Pigmented Villonodular Synovitis

The clinical presentation again is similar to the localized form of the disease, yet recurrent hemarthroses and effusions are more common. The disease is locally aggressive but nonmetastasizing. Extra-articular soft tissue extension is common, and a diligent search for disease in the posterior intercondylar notch, the popliteus muscle, and behind the gastrocnemius muscle origin along the posterior femoral condyles is paramount to accurately assess the extent of disease. If surgical excision is undertaken, all diseased tissue must be excised to attain a gross total excision if durable local control is to be achieved. Traditionally, the mainstay of treatment is surgical excision with the goal of gross total excision as noted. The local recurrence-free survival is dependent upon the completeness of tumor excision.37,38 Often, an extensile posterior approach to the posterior capsule of the knee, detaching the gastrocnemius muscle heads, is needed to adequately visualize the full extent of disease in the posterior knee39 (Figure 16.3B).

Controversy exists regarding an arthroscopic versus open approach to surgical resection and synovectomy. Clearly, arthroscopic techniques are associated with less morbidity, yet the risk of recurrence has been reported to be higher owing to incomplete excision and inability to resect extra-articular disease.33,40–42

Regardless of the surgical approach, it is clear that the local recurrence risk is higher in the diffuse form of PVNS with a 5-year local recurrence-free survival rate of 50% or less.38

Attempts to improve local control and limit morbidity have included radiosynovectomy with yttrium-90 or phosphorus-32, either combined with surgery43–45 or alone.46 Other isotopes such as rhenium-186 sulfide colloid have been described.47 External beam radiation has been used for treatment of PVNS; however, incurring the toxicity of radiation for treating a benign disease limits the enthusiasm for this treatment modality.48–50

With the knowledge that macrophage colony stimulating factor (M-CSF), also known as CSF-1, and CSF-1R are overexpressed in PVNS, tyrosine kinase inhibitors were studied for efficacy in PVNS.51 A case report of a complete response to imatinib52 demonstrated proof of concept in disrupting the CSF-1:CSR-1R paracrine loop. Further investigation revealed some efficacy in PVNS with RECIST defined responses in 19% of cases53 as well as two cases of nilotinib-resistant disease.15 Nilotinib has been investigated in inoperable or relapsing PVNS in a European trial, which revealed a partial response rate of 6% (3/51 patients).54

More recently, specific novel agents targeting both CSF1 and CSF1R have been developed. A humanized monoclonal anti-M-CSF antibody that blocks phosphorylation of the CSF-1R (Novartis MCS110),55 a small molecule inhibitor of CSF1R (Daiichi Sankyo, Pexidartinib, PLX-3397), and a humanized monoclonal anti-CSF1R antibody (Daiichi Sankyo, Emactuzumab, RG7155)56 have been studied in clinical trials for PVNS.57,58 For MCS110, a Phase 1/2 trial revealed a 40% reduction in tumor volume with 227tolerable side effects (periorbital edema).55 For pexidartinib, a Phase 3 trial revealed a 55% reduction in tumor volume; however, serious liver toxicity was noted.57 This study led to the Food and Drug Administration (FDA) approval in the United States in 2019 and is considered standard therapy for patients who are not candidates for definitive surgical resection. Many questions remain to be answered including the optimal dosages, frequency, and duration of treatment.

Malignant Pigmented Villonodular Synovitis

A malignant form of PVNS has been described in several case reports.59,60 However, it is extremely rare, with less than 20 cases reported in the medical literature.61 Six cases, all with pulmonary metastases, were treated with a combination of either doxorubicin or gemcitabine/docetaxel, at times with a tyrosine kinase inhibitor.62 All six patients died of their disease at a median of 22 months after diagnosis.

RECOMMENDED FOLLOW-UP AFTER DEFINITIVE THERAPY

Monitoring for relapse after treatment for TGCT is important, yet scant evidence is available to guide recommendations. The likelihood of relapse is much greater for the diffuse type of PVNS as opposed to the localized type or GCT-TS of the digits. In addition, patients who relapse with either the localized form or digital GCT-TS are likely to either have symptoms or will notice a recurrent mass. Patient education and self-examination should be sufficient in these patients. Therefore, surveillance with imaging can be limited to only patients with the diffuse form of PVNS. MRI is the best imaging modality for detecting recurrent disease. While fluorodeoxyglucose (FDG)-PET might be considered, the limited specificity and higher cost argue against using this modality. How frequent to image and for what duration are determined by both a physician’s judgment and patient’s tolerance for evaluations; nonetheless, relapses have been reported at over 5 years after treatment.50

SUMMARY

The management of TGCT is changing as our understanding of the chromosomal translocations involving the CSF1 and CSF1R pathway driving the development of this tumor are further elucidated. While surgical excision continues to be the initial treatment for both GCT-TS and localized PVNS, the management of diffuse PVNS is likely to evolve as other effective, nonsurgical therapies become available. With the efficacy of pexidartinib demonstrated, the challenge will be in determining the optimal role for this targeted agent. Possible roles are in the neoadjuvant setting to facilitate surgical excision, the adjuvant setting to lower the risk of local relapse, or as the primary sole treatment of PVNS, eliminating the need for surgical resection. Given the efficacy and toxicity profiles demonstrated to date, however, it is unlikely that surgery will be relegated to a historical treatment. Nonetheless, these new agents are the most exciting development in many decades regarding the treatment of TGCT.

 





CASE STUDY

A 15-year-old male had diffuse PVNS and underwent multiple local excisions, but continued to have recurrent disease and then underwent intra-articular dysprosium radiation synovectomy at age 17. Relapses continued despite two open posterior synovectomies, and he was treated with external beam radiation at age 29. The relapses still continued and two recurrent nodules were excised in the following 3 years. He was then disease free for 18 years, but developed degenerative knee disease resulting in a knee arthroplasty at age 37. Eleven years later, another anterior and posterior synovectomy was completed; however, 2 years afterward a mass developed in his quadriceps muscle and PVNS was confirmed with a core needle biopsy. Imatinib 400 mg per day was given for 1 year with partial response. He still had a palpable extra-articular mass and was symptomatic. Therefore, he enrolled in a clinical trial using an anti-M-CSF antibody (Novartis MCS-110) and was given four infusions resulting in a dramatic response as demonstrated both clinically (size reduction) and by reduction in SUVmax on FDG-PET (Figure 16.4). He has been disease free since the last treatment 5 years ago.
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FIGURE 16.4  Magnetic resonance axial T1 image demonstrating recurrent, extra-articular pigmented villonodular synovitis proximal to patella in vastus lateralis muscle before (top left) and after (top right) treatment with MCS110. Clinical photographs (anteroposterior view of knee flexed to 90 degrees) of the patient’s knee demonstrating the visual appearance of the palpable, extra-articular pigmented villonodular synovitis soft tissue mass before (bottom left) and after (bottom right) treatment with MCS110.
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INTRODUCTION

Epithelioid sarcoma (ES) is an aggressive malignant soft tissue sarcoma (STS) that mainly affects young adults. It is often multifocal at presentation, with propensity for local recurrence and distant metastasis.1 It was first described as a unique entity in 1970 by Franz Enzinger in a series of 62 cases. Enzinger identified cases of soft tissue neoplasia with particular clinical and histologic behavior. These cases were previously misdiagnosed as multiple benign and malignant conditions, including chronic inflammatory process, necrotizing granulomas, synovial sarcoma, and squamous cell carcinoma.2 There are two variants of this disease. One is classic ES, which usually presents as a subcutaneous or deep dermal mass in the distal extremities of young patients. The other is proximal ES, which has a predisposition for limb girdles and trunk, and a slightly later onset of presentation. Each variant has distinctive histologic features. However, both are associated with the loss of SMARCCB1/INI1 protein expression.3 Given the rarity of ES, the majority of our ES understanding derives from small retrospective case series and subset analysis of prospective (STS) trials. This chapter reviews the epidemiology, clinical presentation, diagnostic approach, molecular drivers, and treatment options for ES.

EPIDEMIOLOGY

ES is a rare STS that accounts for only 0.6% to 1.0% of sarcomas, with an estimated annual incidence of 0.041 per 100,000 population.4,5 It usually presents in young adults between 20 and 40 years of age and rarely is seen in young children and older people. In children and adolescents, it is estimated to represent 5% to 8% of childhood nonrhabdomyosarcomatous STSs.6 Two variants have been described: classical type, which characteristically involves the distal extremities and affects adolescents and young adults between ages 10 and 40 (median age 33 years); and the proximal type with predilection for proximal limbs, limb girdles, and midtrunk, which presents slightly later in life, between ages 20 and 65 (median age 38 years).1,2,4,7,8 A male predisposition is noted in numerous series, with a male-to-female ratio of 1.6:1 to 1.9:1.4,8 Additionally, Caucasian race is predominant in the series. In a cohort of 441 patients from the Surveillance, Epidemiology, and End Results (SEER) database in 2008, 80% of patients were white, 12% black, and 8% reported as other. According to ethnicity, 9% were identified as Hispanic and 91% as non-Hispanic. These data are concordant with Enzinger’s original case series, in which the majority of cases were Caucasian and only a few were black.2,5,8

CLINICAL PRESENTATION AND NATURAL HISTORY

ES habitually develops as indolent slow-growing lesions in the dermis, subcutaneous tissues, and deeper along the superficial fascia and tendons. Majority of tumors present as indolent firm, hard palpable masses, which are often multifocal. When located within the dermis, they present as superficial nodules that may become ulcerated 2 to 3 months after the primary lesion is noted. Ulceration ensues in about 12% of cases. These lesions are often misdiagnosed as indurated abscesses, infected ulcers, or infected sinus tracts that fail to heal despite intensive treatment. Subcutaneous lesions, on the other hand, present as small nodules described as lumps or warts that grow slowly and steady, and are not associated with limitation of function. Deep lesions occur along fascial planes, aponeurosis, and tendons, felt as multinodular or irregular masses that may move along with limb motion. Usually, deeper 232lesions are larger at presentation, and in about 25% of cases, are associated with low-grade pain. Only a minority of patients present with severe pain, motion limitation, and sensory abnormalities, which is more common in deeper lesions. Because of the absence of symptoms other than the palpated mass, patients often delay care for several months. The mean duration of symptoms prior to definitive diagnosis is around 10.5 months (range 9–30 months), and up to 30% have symptoms for more than 2 years prior to diagnosis.2,8,9 The most frequent location is the distal upper extremity (hand and forearm), which is involved in over 50% of cases. Next in frequency is the distal lower extremity, followed by proximal lower extremities, proximal upper extremity, trunk, and head and neck. Uncommon locations include the scalp, perineum, and vulva.2,5,8,9

Unlike other sarcoma, ES spreads mainly by the lymphatic system and has a tenacious propensity for local recurrence.5 Up to 70% of patients develop local recurrence, at a median length of 9.5 months after wide local excision (range 3–56 months), and over 40% of patients will have metastasis to regional lymph nodes and distant sites, most frequently to lungs. At initial diagnosis, around 47% of patients have localized disease, 28% local lymph node involvement, and 25% distant metastasis.10

Overall, patients with localized disease have substantial better prognosis than patients with regional or metastatic disease. Five-year survival rate for local disease is around 75%, for regional involvement it is 49%, and none of the patients who presented with metastatic disease were alive at 5 years. One-year survival rate for metastatic disease is around 46%. Median overall survival (OS) is about 88 months from the time of diagnosis and 5-year survival rate is about 66%.5,9,10

DIAGNOSTIC APPROACH

Given the rarity of this tumor, high clinical suspicion is required for accurate diagnosis. Like any soft tissue mass, early evaluation with gadolinium-enhanced MRI is mandatory to identify features suggestive of a malignant process and the extent of tissue involvement. Referral to a multidisciplinary sarcoma center for initial management including biopsy, pathologic review, and surgical resection for localized disease is critical to improve outcomes. Initial staging should include a high-quality contrast-enhanced CT scan of the lungs, abdomen, and pelvis. PET/CT scan may be useful to identify occult lesions, particularly in advanced disease.

Radiographic Features

Multiple small series and case reports of radiographic characteristics are reported in the literature and support the diversity of features encountered in this tumor. On MRI, the majority of cases are of infiltrative masses. In the majority of cases, they may extend, lacking well-defined margins, and may present as multifocal lesions. In the classical subtype, some cases are seen as mainly intramuscular, while more superficial tumors have a creeping infiltrative manner extending from dermis or subcutaneous tissues deep into tendons and ligaments. Encasement of neurovascular structures and direct invasion to bone are seen in extensive tumors.11 On T1-weighted images, the majority are isointense with muscle. However, heterogeneous enhancement with areas of increased uptake are seen, corresponding to foci of hemorrhagic necrosis. Areas of central hypointensity are present in tumors with extensive necrosis. In general, necrosis is seen in up to 70% of cases and its extent correlates with tumor size, local lymph node involvement, and distant metastasis. Furthermore, necrotic nodes were seen in all patients with node involvement, but some false positives were reported. Some cases also showed areas of punctuated hyperintensity on T1-weighted images that were consistent with macrocalcifications. Similarly, T2-weighted images varied from case to case. While some tumors showed heterogeneous enhancement, others were homogeneous with different intensities compared to fat. Mild to moderate T2-weighted peritumoral edema is seen as a feathery radial pattern of nonselective high signaling on T2-weighted or STIR (short-tau inversion recovery) series.11,12 Figure 17.1 shows the radiographic findings of a patient with proximal type ES at the time of local presentation and upon progression with metastatic disease.

A case report of ES showed a honeycombing pattern of fat that simulated lymphedema. Cortical necrosis was also present, exemplifying the highly heterogeneous radiologic features of this tumor.13 In the case of proximal type ES, lesions are commonly located in the chest wall, inguinal region, thigh, and perineum. By CT or MRI, these tumors were mononodular or multinodular masses with irregular indistinct borders. Calcifications were seen only in one patient of this series and were located in the periphery. It is worth mentioning that in Enzinger’s series in 1970 and subsequently in 1985, the only identified radiologic feature was the occasional presence of calcifications by x-ray exam.2,8 Low central attenuation consistent with necrosis was also common in the proximal type.14
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FIGURE 17.1  Radiographic characteristics of patient with epithelioid sarcoma. (A) T2 hyperintense and enhancing lobulated tumor within the right sciatic nerve, at the level of the hamstring tendon origins. (B) STIR sequence showing significant peritumoral edema. (C) Extensive metastatic disease with multiple pleural-based lung nodules and associated large pleural effusion. (D) Diffuse osseous metastasis with iliac and sacral involvement.

STIR, short-tau inversion recovery.





Histopathologic Features

ES is characterized by nodular aggregates of epithelioid cells immunoreactive to cytokertins (CKs), EMA, vimentin, and often CD34 positivity. There are different histologic features in the classic and proximal subtypes. In the classical form of ES, histologic features include nodular aggregates, nets, or cords of uniform epithelial cells with abundant eosinophilic cytoplasm. Nuclei have vesicular chromatin with minimal atypia and small nucleoli. Central necrosis in this subtype is prominent, giving the appearance of a granulomatous process. Epithelioid cells are located toward the center and a gradual transition to spindle morphology is seen toward the periphery. In 20% of cases, dystrophic calcification and metaplastic bone formation are seen. In the periphery, aggregates of inflammatory cells are also typical.1,4,15

On the other hand, the proximal subtype has multinodular sheets of larger, polygonal cells with higher degree of atypia with variable rhabdoid morphology. Pleomorphic epithelioid cells with large vesicular nuclei and prominent nucleoli are seen. Also, intralesional focus of necrosis is common, but the geographic pattern of the classic type with “granulomatous appearance” is absent. Rarely, a pattern with features of both classical and proximal subtypes exists. Other morphologic patterns are angiomatoid, large cell/rhabdoid, and fibroma-like. In these cases, immunohistochemistry (IHC) is key to identify the classic ES profiles.1,4

Immunophenotype by IHC is similar in classic and proximal subtypes. Both express high- and low-molecular-weight CKs with diffuse and focal patterns, most commonly, CK8, CK19, but negative or only focally positive for CK5/6. A great proportion is also positive for EMA. CD34 is positive in more than 50% of cases, which is useful to differentiate ES from carcinoma. Still, some cases show very focal or even absent CKs and CD34, and morphology may mimic other epithelial neoplasms as squamous 234cell carcinomas, benign fibrous histiocytomas, nodular fasciitis, and nonneoplastic lesions. In these cases, a high index of suspicion is important in order to assess the nuclear expression of SMARCB1/INI1 by IHC and fluorescence in situ hybridization (FISH), which is a loss in over 90% of ES.16,17

MOLECULAR AND BIOLOGIC DRIVERS

There is significant genetic heterogeneity between ES tumors, with no identified pathognomonic cytogenetic abnormality. In karyotype analysis, the majority of cases have a complex karyotype with multiple numeric and structural abnormalities. ES has recurrent translocations involving the chromosome 22. The most common are t(8:22) (q22q11) and, in a minority of cases of proximal variant, t(10:22).1,18,19 These observations of recurrent involvement of chromosome 22q11 lead to the identification of the loss of two tumor suppressor genes: SMARCB1/INI1 and NF2. This loss has been documented in 20% of human cancers. However, only in rhabdoid tumors is this loss always driven by homozygous genetic inactivation of SMARCB1 gene. A report from the INT National Cancer Institute of Milan, which analyzed 40 ES cases, was the first to report the gene status in ES with loss of SMARCB1/INI1 expression. Here, homozygous gene inactivation was found for 60% of cases.7 In other SMARCB1/INI1 negative tumors, there is no consistent genetic alterations. Among STSs, complete loss of expression of SMARCB1/INI1 is found in ES, myoepithelial carcinoma, and epithelioid malignant peripheral nerve sheath tumor.1,4,20

The SMARCB1 gene encodes the adenosine triphosphate (ATP)-dependent subunit of SWI/SNF chromatin remodeling complex, which regulates genomic stability, cell cycle, and other signaling pathways. SMARCB1 is associated with activation of the Hedgehog pathway, which in embryonic life is responsible for stem cell differentiation.1,21 Furthermore, loss of SMARCB1 also results in aberrant transcription of p16INK4a and/or p21, which is a negative regulator of cyclin D1 and CDK 4/6, hence blocking phosphorylation of Rb and consequently arresting the cell cycle.22,23 Also important is the interaction of SWI/SNF chromatin remodeling complex with EZH2, a histone methyltransferase. EZH2 is highly active in stem cells, repressing genes associated with cell cycle arrest and promoting self-renewal. In adult tissues, EZH2 activity is opposed by SWI/SNF complex, which promotes differentiation and regulates self-renewal.24 The latest is important, as drugs targeting EZH2 are undergoing trials for different cancer types.

It is postulated that loss of SMARCB1/INI1 is probably an earlier event causing genomic instability and explaining the complexity of karyotypes seen in ES. Other associated pathways include PI3K/AKT/mTOR and EGFR. Yet, no positive results have been yielded from targeting this pathways.1

TREATMENT CONSIDERATIONS

In the localized and the metastatic setting, the rarity of ES challenges the clinical approach owing to limited evidence, which comes mainly from nonuniform retrospective series. In a series of localized ES, limitations are often due to small sample size, short follow-up periods, and inconsistency in terms of procedures and use of adjuvant treatments. From these studies, long-term survival reports range from 42% to 79%. Nonetheless, rates of local failure are considerably high: 30% to over 70% of local recurrence and over 40% progression to distant metastasis. For patients with metastatic disease, data also comes from small retrospective cohorts and small ES subset analysis from prospective clinical trials for STS. At the moment, prognosis for patients with metastatic disease is poor with 46% survival at 1 year and no patients surviving at 5 years.5

Management of the Primary Tumor

Controlling localized disease consists of surgical resection with some evidence supporting the use of adjuvant RT. Only small retrospective series of patients with localized ES treated with surgery with or without RT have been published. Overall, these small retrospective series have limitations due to inconsistency regarding the surgical procedures done and the use of RT. To our knowledge, there is only one series from M.D. Anderson Cancer Center (MDACC) with consistent limb sparing surgery and use of adjuvant RT. The 10-year OS rate in this series ranged from 50% to 74%.10,25

Chase and Enzinger in 1985 published the largest series to date involving 202 patients. They reported 77% of local recurrence despite over 50% of the patients undergoing initial amputation.8 Other two small series at Massachusetts General Hospital and Memorial Sloan-Kettering Cancer Center reported that local failure rates were more than 50% and about 50% of patients subsequently required amputation as part of treatment. However, only a small proportion of patients in both of these series received 235adjuvant RT. Still, Massachusetts General Hospital series, which suggested marginal surgery with or without adjuvant RT, was associated with worse prognosis, and higher local and distant recurrence rates.10,26 Furthermore, investigators from the Mayo Clinic reported a local recurrence rate of 38% and metastatic rate of 47% after a median follow-up of 102 months. Although they found no difference in the rates of distant metastasis, they suggested that recurrence rate decreased with increasing aggressiveness of the surgery. Yet, the metastatic rate was no different between procedures.27 Older series of patients treated with only resection reported local recurrence rates of 75% to >90%.28,29 Subsequently, in 1983, Shimm et al. reported the outcomes of five patients treated with adjuvant RT. In this series, four out of the five patients had no evidence of disease at follow-up (duration of follow-up 18–84 months).30 In MDACC series of 21 patients who underwent limb sparing surgery and adjuvant RT, local recurrence was 37%, which is similar to the above-mentioned series, but all patients had limb preservation. In accordance, limb sparing surgery followed by adjuvant RT is generally recommended.

Additionally, these series identified certain prognostic factors. Patients with tumors <5 cm have a 5-year overall survival (OS) rate of 79% compared with only 25% for patients with lesions >5 cm. Furthermore, OS is significantly higher, 77% for patients for primary extremity lesions compared to 39% in nonextremity locations and at 5 years, disease-free survival (DFS) rate was around 56% in patients with extremity ES versus 0% in nonextremity locations. Furthermore, necrosis more than 30%, vascular invasion, presence of local symptoms, regional lymphadenopathy, and positive margins correlate with poor prognosis.25,31,32

Probable explanations for the high rate of local recurrence despite the high proportion of aggressive surgeries is the fact that macroscopic descriptions of the procedures probably do not correlate with the microscopic surgical margins. Margin status was not reported in the mentioned series. In patients treated with local surgery and adjuvant radiation, 35% of recurrences occurred within the surgical margins and within the radiation fields. For this reason, it is recommended to attempt wide surgical margins and generous RT fields. In the MDACC series, the mean marginal field was 6.7 cm (which is the difference between the largest tumor dimension and the largest RT portal dimension). For ES a marginal field of at least 10 cm may be indicated to minimize recurrence.25

Ultimately, even though there is no well-established role for the use of sentinel node biopsy, this may be considered for prognostic implications. In cohorts of limb STS, sentinel node biopsy was positive in 17% of cases, but false negative rates of up to 29% were reported.33,34

Management of Metastatic Disease

The use of systemic chemotherapy for locally advanced and metastatic ES derives from limited retrospective studies. To date, the largest cohort included 115 patients in a multi-institutional case series from 17 centers in Europe, the United States, and Japan. Cases were diagnosed between 1990 and 2016 and had available tissue for pathologic confirmation. All cases had evidence of loss of SMARCB1/INI1. Responses were evaluated by response evaluation criteria in solid tumors (RECIST). Systemic chemotherapy consisted of anthracycline-based regimens (85 patients), gemcitabine-based regimens (41 patients), or pazopanib (18 patients). In the anthracycline-based group, one patient (1%) had a complete response (CR), 18 patients (21%) partial response (PR), 45 patients (53%) stable disease (SD), and 21 patients (25%) had progression of disease (PD). Overall response rate (ORR) (CR + PR) was 22%, median progression-free survival (PFS) and OS were 6 and 16 months, respectively. In the gemcitabine-based group, two patients (5%) achieved CR, nine patients (22%) PR, 16 patients (39%) SD, and 14 patients (34%) PD. The response rate was 27%, and median PFS and OS were 4 and 19 months, respectively. Finally, in the pazopanib group, there were no CR or PR, but nine patients (50%) had SD with two prolonged SD of over 21 months; the other 50% of patients had PD. The median PFS and OS were 3 and 14 months, respectively.35

Other smaller series have also shown activity of anthracycline-based and gemcitabine-based chemotherapy as palliative treatment for ES. In a series of 21 patients, first-line palliative chemotherapy granted partial response in three patients (14%), 12 patients had SD (57%), and five patients 23% progressed. Median PFS and OS was 7 and 35 months. Both the above-mentioned series describe better responses in the classical subtype.36 Another series of 28 patients from three German participating institutions evaluating the role of palliative chemotherapy reported best response of SD in 46% of patients treated with anthracycline-based regimen. Here, PFS for anthracycline single agent was 3 months versus 8 months for combination anthracycline/ifosfamide. In the same series, the use of gemcitabine/docetaxel showed stability of disease in 83% of patients and PFS of 8 months.37 Lastly, the European Organization for Research and Treatment of Cancer (EORTC) analyzed the subgroup of metastatic ES derived from prospective EORTC trials for STS. They included ECORTC 62012 (doxorubicin vs. 236doxorubicin/ifosfamide), 62043 (pazopanib), 62072 (pazopanib vs. placebo), and 62091 (doxorubicin vs. trabectedin). A total of 27 patients were identified, 18 patients received palliative chemotherapy as first-line treatment and nine patients as second-line treatment. In the first-line setting, four patients (22%) had PR (one treated with anthracycline/ifosfamide, two treated with pazopanib, and one treated with trabectedin), 10 patients (56%) had SD (three received doxorubicin alone, six doxorubicin/ifosfamide combination, and one trabectedin), and four patients had PD. As second-line treatment, patients were treated only with pazopanib: one patient (11%) had PR, four patients (44%) SD, and four patients (44%) PD. Median PFS and OS was 4 and 11 months, respectively, for patients who received first-line treatment versus 2.7 and 9.7 months for patients who received second-line treatment.38

Most recently, tazemetostat, an oral selective inhibitor of EHZ2, was approved by the FDA for the treatment of advanced and metastatic ES. Tazemetostat efficacy was evaluated in a multicenter prospective phase II study of tumors with loss of expression of SMARCB1/INI1. As previously stated, SMARCB1/INI1 is a subunit of the SWI/SWF complex, which is a negative regulator of EZH2. EZH2 is a histone methyl transferase part of polycomb repressive complex 2 (PRC2), which functions as a key epigenetic regulator for stem cell differentiation.39 The cohort of 62 patients with ES showed an ORR of 15% (95% CI 7-26%) and disease control rate (DCR) of 26%. From the responders, over 60% had prolonged responses lasting 6 months or longer. Median OS for the cohort was 82.4 weeks (95% CI 47.4%, not estimable). Tazemetostat appears to be overall well tolerated. Most common adverse effects (AEs) are mild to moderate and include fatigue (39%), nausea (35%), and cancer-related pain (32%). Grade ≥3 AEs were reported in 10 patients (16%); most common were anemia and weight loss.40 This is the first prospective trial for patients with ES and these results are encouraging for further investigation in the adjuvant and metastatic settings. A Phase III study for its use as first line in combination with doxorubicin is currently under way (NCT04204941).

SUMMARY

ES is a particularly rare subtype of STS that affects mainly young adults. ES initial presentation is of slow and indolent growth with significant invasion of musculoskeletal and neurovascular tissues. Mainstay treatment approach for localized disease is surgical resection with some evidence supporting the use of adjuvant RT. Nevertheless, local recurrence considerably exceeds what is seen for other sarcoma subtypes, and distant metastasis is also common. In the scenario of locally advanced or metastatic disease, ES shows response to anthracycline, gemcitabine-based chemotherapy, and targeted therapy with pazopanib; still, responses are short lived, and the disease is ultimately fatal in all patients. In over 90% of cases, loss of expression of SMARCB1/INI1 is identified. This protein is a subunit of SWI/SWF complex, a known oncogenic driver implicated in genomic stability, regulation of cell cycle, and regulation of critical differentiation pathways. Recently, tazemetostat has shown promising activity in ES. This agent targets the inhibition of EZH2, a histone methyltransferase that is overactive in the absence of functional SWI/SWF complex. Better understanding of this molecular driver is crucial for further development of better treatment approaches for these patients.

 





CASE STUDY

In November 2014, a 27-year-old man presented with progressive worsening pain of the right calf, hamstring, and gluteal area. Pain was later associated with paresthesia of the right foot and calf. He initially underwent MRI showing a T2 hyperintense 3.7-cm lesion at the level of the hamstring tendon origins within the right sciatic nerve. The lesion had heterogeneous postcontrast enhancement with some scattered areas that did not enhance. Sciatic neuritis seen as nerve edema in the surroundings of the tumor was present. Additionally, an ill-defined area, measuring about 2.6 cm, of intramedullary hyperintensity within the right iliac bone was noted. Subsequently, he underwent biopsy, which confirmed the diagnosis of ES. The tumor was composed of epithelioid cells positive for keratin, epithelial membrane antigen (EMA), and CD34. Expression of INI1 was lost. Owing to the epithelioid pathologic findings, he underwent lymphoscintigraphy with single photon emission computed tomography (SPECT)/CT revealing scintigraphic evidence of sentinel lymph nodes along the right internal iliac region and the right 237common iliac region. However, staging PET/CT showed no activity other than the primary lesion at the level of the sciatic nerve. As PET/CT scan was negative in the area of the sentinel node, and sampling in this area would be associated with morbidity, the decision was to forgo sentinel node biopsy. He then underwent preoperative intensity modulated radiation therapy (IMRT) with a total dose of 50 Gy in 25 fractions given over 5 weeks.

Subsequently, he underwent surgical resection of the mass. Pathologic findings consisted of a 2.5-cm mass, grade 2, American Joint Committee on Cancer (AJCC) stage ypT1bNx; margins were negative with the closest at 0.25 cm, and the tumor had 20% necrosis. He was then followed by surveillance with MRI of the right thigh every 6 months. Follow-up until 3 years after initial presentation showed no evidence of disease. Nonetheless, he developed a rapidly growing mass in the right scalp and right submandibular area. He initially was seen by a dermatologist, who attempted treatment with local steroids with no improvement. Subsequent biopsies showed metastatic epithelioid sarcoma, grade 2/3, similar in morphology to the initial lesion. After biopsy, the scalp lesion developed unremitting bleeding. PET/CT showed the development of multiple metastatic foci, including the right frontal scalp, right submental area, right vocal cord, multiple bilateral pulmonary nodules up to 2 cm, and diffuse osseous lesions including the right iliac area. He received palliative radiation therapy (RT) to the scalp to control the bleeding. Immediately after, he was started on palliative doxorubicin/ifosfamide. The best response achieved was a partial response (PR) at 2 months of starting chemotherapy and then stable disease (SD) at 4 months. At 7 months after initiation of palliative chemotherapy, he showed progression of disease with significant metastatic disease in the right hemothorax and development of right pleural effusion. He was switched to second-line gemcitabine/docetaxel. However, he deteriorated rapidly with worsening pulmonary function after cycle 1 of gemcitabine/docetaxel and he decided to proceed with hospice. He died 56 months after the original diagnosis and 12 months after the diagnosis of metastatic disease. This case presentation highlights the unique aggressive clinical behavior of ES, including high rates of local recurrence and metastasis. Lastly, the case exemplifies the complex, multidisciplinary approaches required for the management of this condition and the need for further preclinical and clinical research in order to improve the prognosis of patients with this disease.
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Angiosarcoma (AS) is a rare tumor of endothelial origin. Despite its scarcity, AS can present with local disease in nearly any organ system. Furthermore, rate of local recurrence as well as metastasis is high, making AS a difficult cancer to treat. In locoregional disease, AS is best treated with resection as well as radiation therapy. In the setting of metastatic disease, front-line therapy with anthracyclines or taxanes has been shown to be effective. Second-line therapy with taxanes or anthracyclines has likewise demonstrated some success. Regardless of the stage at presentation, as well as treatment, long-term prognosis is poor. Significantly more research must be performed in order to better understand the biology as well as the best means of treatment for AS. This chapter reviews the clinical features, diagnostic approach, and general therapeutic approach for AS, as well as systemic therapy for metastatic AS.




angiosarcoma, immunotherapy, metastasis, nonspecific β-blockers, radiation therapy, tyrosine kinase inhibitors




Hemangiosarcoma, Immunotherapy, Neoplasm Metastasis, Protein-Tyrosine Kinases, Radiotherapy



INTRODUCTION

Angiosarcoma (AS), also known as hemangiosarcoma or lymphangiosarcoma, is a malignant tumor thought to be derived from the endothelium. The exact vascular origin is unknown, and AS likely originates from both blood vessels and lymphatics.1 AS is an incredibly rare subtype of soft tissue sarcoma (STS), accounting for <1% of all sarcomas.2 These tumors are characterized by an aggressive clinical behavior with frequent metastases and relapse.3 Given their relative scarcity, the optimal treatment of AS remains somewhat of a mystery. Furthermore, AS may present in a striking variety of different anatomic locations.4 Significant heterogeneity within the diagnosis of AS makes design and development of trials as well as therapies more difficult. As a result, there are no completed Phase III trials exclusively confined to AS, although studies are currently ongoing.5 Much of the data utilized is either Phase II, anecdotal, or part of larger studies involving STS. This ambiguity, as well as the factors already mentioned, make AS one of the more difficult cancers to treat.

EPIDEMIOLOGY

Collectively, ASs account for 2% of STSs.3 Given that AS is a rare subpopulation of an uncommon neoplasm, it accounts for only two to three cases per 1 million population.2 Referencing data from the Surveillance, Epidemiology, and End Results (SEER) registries, results have shown that approximately 60% of ASs are cutaneous, located within the skin or superficial soft tissues. Among primary cutaneous AS, approximately 90% occur within the Caucasian population, with a sex ratio of 1:1. Furthermore, there is a direct correlation of incidence with increased age, with most tumors occurring around age 60.6 When ASs do appear in childhood, they appear in an epidemiologic pattern different from that of adults—often with visceral as opposed to cutaneous manifestations.7 In adults, lesions are typically located on the head and neck, followed by trunk, lower extremities, and upper extremities.

Despite their scarcity, AS may occur in nearly any location within the human body.4 Most AS cases occur spontaneously, but several risk factors have been identified. Risk factors for AS include radiation, chronic lymphedema, arsenic, vinyl chloride, and familial syndromes.3 Association of AS formation with lymphedema was first noted by Stewart and Treves in six women with a history of breast cancer.8 The combination of lymphedema and AS later assumed the eponymous name Stewart–Treves syndrome. Although the association of AS with prior breast cancer surgery became well recognized, AS is also associated with other forms of lymphedema.6 Numerous groups have proposed mechanisms behind the association of lymphedema and AS, including associated growth of obstructed lymphatics. Others believe that carcinogenesis occurs secondary to chronic inflammation within an immunologically privileged site that is unable to adequately remove neoplastic cells.9

Within the breast cancer population, radiation has also been shown to be associated with development of AS.10 This has increasingly been seen in women, due to radiation as part of breast-conserving treatment for breast cancer.11 The frequency of their association has bred definitions for their diagnosis. Tumors must be biopsy-proven, arising within a prior field of radiation, occurring within a latency period of several years, and arising in an area without a predominance of lymphedema.12–14 While the breast cancer survivor population is best studied, AS is also present in a large series of childhood cancer survivors.3 Interestingly, despite the association of radiation with AS, sun exposure has not been demonstrated to contribute to increased incidence.15

Other noteworthy causes of AS include toxins, such as vinyl chloride, thorium dioxide, and arsenic, which are associated with the formation of hepatic AS.16 Anabolic steroids have also been associated.4,6,17 240There have been case reports of AS arising in association with prosthetic joints18–20 as well as vascular grafts.21–23 There is insufficient data to draw meaningful conclusions about the causality of the association of AS in these cases, however. In addition to environmental exposures, several genetic abnormalities have also been linked to AS. Associations include BRCA1 and BRCA2, NF1 (neurofibromatosis type 1), IDH1 (Maffucci syndrome), and PIK3CA (Klippel–Trenaunay syndrome).3 Of note, AS is not normally associated with Li–Fraumeni syndrome, although the syndrome is associated with an increased risk of sarcoma.24

CLINICAL FEATURES AND PRESENTATION

Often, cutaneous AS may resemble an ecchymotic lesion or a raised purple papule that is multifocal and may easily be mistaken for a simple benign growth. Others may present with intermittent bleeding, edema, and pain.6 These lesions typically develop on the head, neck, and face—particularly on the scalp and forehead.6,25 As these lesions grow, edema, fungation, ulceration, and hemorrhage can develop. Even early on, AS may be multifocal—which complicates therapy and results in suboptimal initial management in many cases.26 As described in larger case series of AS, often patients would present with an asymptomatic mass or lesion. Fewer had discomfort associated with the mass or lesion.4 The median size of primary tumors was 3.8 cm in one of the larger case series. Primary tumors of deep soft tissue or organs were located on extremities (10/22), trunk (3/22), heart (3/22), head/neck (2/22), liver (1/22), spleen (1/22), and adrenal gland (1/22).4

At presentation, the primary lesion is multifocal in 10% to 15% of cases. Lymph node (LN) involvement is present at initial diagnosis in 10% to 15% of soft tissue AS, in about 5% of scalp AS, and rarely in primary breast AS. About 15% of patients present with metastatic disease at the time of diagnosis.6,27 In a review of 82 patients with AS, 44% presented with locally advanced or unresectable disease.4

The 5-year overall survival (OS) rate of nonmetastatic AS is about 31% to 43%.28 OS is highly correlated with the site of the primary AS. For instance, 10-year survival rate is about 28% for extremities, 21% for scalp, and 0% for other primary sites.6 In a paper by Sinnamon et al. published in 2016, analyzing the OS of 821 patients with soft tissue and cutaneous AS undergoing resection, a more comprehensive analysis of risk factors was performed.29 Factors independently associated with worse OS included increased age, black race, head and neck location, increasing size, and positive margins. Of note, qualification of this model was performed in conjunction with the American Joint Committee on Cancer (AJCC) Cancer Staging Manual, 7th edition, which bears some differences from the 8th edition.30

DIAGNOSTIC APPROACH

STSs, including AS, are staged using the AJCC system.31 Given that AS itself only represents a small proportion of STS, this becomes a relatively imperfect model.29 Clinical staging, as with any neoplasm, involves definition of the AS by physical examination, imaging, and diagnostic biopsies of related sites. It is based on characteristics of the tumor (T), nodes (N), metastases (M), and grade (G). Grading, in particular, is not recommended within AJCC Cancer Staging Manual, 8th edition. Tumors that may appear low grade may behave clinically aggressive, and many sarcoma experts approach them as they would a high-grade sarcoma. Histopathologic identification of AS is sometimes challenging because it can be mistaken for other vascular tumors. Histologic features can vary within and between cases. In a low-grade form, AS may resemble hemangioma, whereas the high-grade form may be more similar in appearance to epithelial carcinomas.3

Diagnosis of AS is typically made by resection or biopsy. Recent studies have shown that diagnosis of AS may be made by fine-needle aspiration (FNA), but cytologic features may be inadequate for proper diagnosis, so most sarcoma pathologists prefer a core-needle, incisional, or excisional biopsy.32 AS histologically has a wide variety of appearances, ranging from clearly vasoformative to poorly differentiated solid tumors. Of those that are nonvasoformative, they may appear epithelioid, as spindle cells, or mixed.33 Reticulin staining, in addition to immunohistochemistry may be useful in determining the origin of less characteristic AS. A high proportion stain for CD31, von Willebrand factor, or, albeit less specific, CD34.1

IMAGING

The size of the primary lesion, and presence or absence of distant metastases need to be determined prior to treatment initiation. Diagnostic assessment, in addition to tissue assessment (Figures 18.1 and 18.2), should include MRI.3 MRI features show T1 intermediate intensity and high T2 signal 241intensity—which may be consistent with hemorrhage. The most diagnostic finding is the presence of high-flow serpentine vessels.34 AS demonstrates enhancement after intravenous contrast administration. Otherwise, imaging findings are largely nonspecific, and differential diagnosis may include glioma, cavernoma, and hemorrhagic metastases.
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FIGURE 18.1  Infiltrative and dissecting growth of irregularly shaped and anastomosing vascular channels are present within collagenous connective tissue—this is a characteristic feature of angiosarcoma and is viewable with hematoxylin and eosin staining (H&E, x100).
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FIGURE 18.2  Higher magnification of hematoxylin and eosin staining (H&E, 200x) of angiosarcoma specimen from Figure 18.1 shows clear nuclear atypia.





Chest imaging, particularly CT of the thorax with contrast agent, should be performed prior to initiation of therapy to exclude metastatic disease, as the lung is the most common site of hematologic spread.4 PET/CT can be considered for patients considered at risk for LN metastases. Patients with cardiac AS are at increased risk for intracranial dissemination and MRI of the brain should be considered.35

MOLECULAR ABERRATIONS

Over the last decade, our understanding of cancer genomics, not merely that of AS, has evolved significantly. We now understand that AS is a complex group of tumors with numerous associated genetic alterations. There is no one change that leads to development of all AS. In 2014, investigators found that protein tyrosine phosphatase receptor type B and phospholipase C gamma 1 are recurrently mutated in AS.36 Previous studies had shown that knockdown resistance (KDR) mutations are present in 10% 242of patients with AS.37 MYC and FLT4 mutations are seen in patients with AS secondary to radiation and lymphedema.38 A 2015 sequencing study demonstrated that over half of AS showed genetic alterations in the mitogen-activated protein kinase (MAPK) pathway, involving KRAS, HRAS, NRAS, BRAF, MAPK1, and NF1. The most frequent genetic mutation was TP53 with 35% of tumors.39 In a 2015 study of 203 adolescent and young adult sarcomas, three NTRK1 fusions were found in three tumor types, including AS.40 This is believed to be an underestimate of total prevalence and may have important implications for targeted therapy.

GENERAL THERAPEUTIC APPROACH

There are, as of yet, no randomized controlled trials involving the treatment of localized AS. Most treatment strategies have been developed through retrospective case series. Localized AS is initially treated with surgical resection, with the goal being R0 margins, or margins shown to be clear microscopically. Involved margins (R1 or R2) are common secondary to the multifocal nature of AS. If R1 or R2 margins are obtained, guidelines recommend repeat resection for R0 margins. Excision is often difficult, with closure requiring reconstruction rather than primary closure. In one series, the average surgical defect left after excision was 14.3 cm by 11.8 cm, with the largest spanning 28 cm by 27 cm.41 Retrospective analyses of different surgical techniques have not clearly shown superiority of any surgical approach. At a single center, there was no significant difference in OS shown between Mohs surgery and wide local excision.33

Given high risk of local recurrence, adjuvant radiotherapy is recommended, and may even be associated with a reduced risk of death (Table 18.1).4,6,41 At one center, only five of 36 patients managed initially with surgery alone were rendered disease free, versus nine of 20 who received surgery as well as radiation therapy (RT).6 In a series of 82 patients, in which 46 underwent resection of primary disease, 2/3 received adjuvant radiation. No difference in recurrence was noted between groups.4 In a retrospective analysis of 48 patients with scalp and face AS, OS rate was 45.8% for 2 years in patients who received radiation as well as surgery.42 For those patients who had surgery, or radiation alone, OS rate was 11.1% at 2 years. This population was abnormal, however, in that 45 of 48 patients had recurrence. Although there are no prospective clinical trials of adjuvant chemotherapy in AS patients, some sarcoma centers generalize from randomized clinical trials and meta-analyses that support the use of adjuvant/neoadjuvant chemotherapy for patients with high-grade sarcoma.17 This approach would add three to six cycles of doxorubicin 75 to 90 mg/m2 by 72-hour infusion plus ifosfamide 8 to 10 g/m2 divided over 4 to 5 days to resection and/or radiation. Although a large, multicenter series suggested a benefit for the addition of a taxane to radiotherapy for cutaneous AS, other limited retrospective data seem to suggest no benefit.4,43,44

Surveillance Follow-Up for Localized Disease

Given the propensity of AS to recur, adequate surveillance is an important aspect of management. Although the imaging properties of AS have been studied, no definitive guidelines particular to this tumor type have been recommended.34 Follow-up imaging may be pursued in accordance with National Comprehensive Cancer Network (NCCN) guidelines for STS. For stage I disease, at least annual chest imaging should be performed, with chest CT being preferred. For stage II/III disease, reimaging after surgery, in addition to chest imaging every 3 to 6 months for at least 2 to 3 years is recommended.
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In one case series of 46 patients with localized disease, 26% had local recurrence after a median interval of 11 months (range of 1–63), and 43% had a distant recurrence at median of 8 months.4 In another series, in which 56 patients underwent local excision, 24 developed local recurrence alone, 18 developed local recurrence and distant metastases, and 10 developed distant metastases alone.6 243Factors associated with increased risk of recurrence included breast location, size >5 cm, and incomplete resection.45

METASTATIC DISEASE

In two larger retrospective studies, between 13% and 43% patients presented with metastatic disease.4,6,33 As mentioned above, distant recurrence is not uncommon with AS and has been noted in numerous retrospective studies. Sites of distant metastases include the lung, bone, bowel/mesentery, liver, regional LNs, skin, brain, adrenal glands, kidney, and heart.33,45 In one study of 99 patients with metastatic AS, diseas-specific survival rates were 40%, 29%, and 10% for 1, 2, and 5 years, respectively.45 Overall, the outcomes for patients with metastatic AS are significantly worse than those for patients with local tumors or locally recurrent tumors.

SYSTEMIC THERAPY FOR METASTATIC DISEASE

Anthracyclines

In general, metastatic AS is considered to be a fatal and incurable disease. While there is no true standard of care, studies have been able to demonstrate the effectiveness of numerous cytotoxic and targeted therapeutic agents. Current regimens largely involve anthracyclines or taxanes.46 In 2014, a pooled analysis of AS patients from the European Organization for Research and Treatment of Cancer (EORTC) clinical trials of first-line anthracycline-containing regimens showed similar outcomes when comparing AS to other STS histologis types.47 A total of 108 patients with AS were included in the analysis, with 25% response rate achieved compared to 21% of the remaining STS patients. Progression-free survival (PFS) and OS were similar for AS and other STS histologic types. Median PFS for AS patients was 4.9 months, with a median OS (mOS) of 9.9 months. This is comparable to a median PFS (mPFS) of 4.3 months and OS of 12 months for other STSs. Only 41% of AS patients survive to 1 year, compared to 50% of other STS patients.

In 2016, olaratumab, in combination with doxorubicin, was approved for treatment of STS.48 Olaratumab is a monoclonal antibody against platelet-derived growth factor receptor A (PDGFRα). A Phase II study, incorporating unresectable and metastatic STSs, randomized 1:1 to doxorubicin/olaratumab and doxorubicin alone, showed significantly increased median overall survival (mOS) with addition of olaratumab. Of note, the study population contained a total of seven AS patients and was consistent across subtype stratification (leiomyosarcoma vs. nonleiomyosarcoma). OS was only significantly improved in the first-line setting—meaning that the combination of olaratumab and doxorubicin should be utilized in the first-line setting. Unfortunately, the Phase III study did not confirm the efficacy of olaratumab, and this agent is no longer available.

In a retrospective study at one center, approximately 21 patients received pegylated liposomal doxorubicin (PLD) in the first-line setting.49 Within this study, the response rate was similar between PLD, doxorubicin, and taxane agents within the first-line setting. Given this data, PLD may be a reasonable treatment strategy for a patient with AS, in order to mitigate the toxicity of doxorubicin.

Taxanes

Historically, sensitivity of AS to taxanes has distinguished them from other STS subtypes.50 Numerous studies have demonstrated the effectiveness of taxanes in the first-line setting.51,52 In particular, the Phase II ANGIOTAX trial showed an overall response rate (ORR) of 19%, with mPFS of 4 months, and an OS of 8 months with weekly paclitaxel.53 Results from the ANGIOTAX trial were in line with prior retrospective analyses, showing similar PFS, but variable ORR.

Gemcitabine

Gemcitabine has been shown to be effective when combined with docetaxel as a second-line regimen for most STSs.54 A retrospective study of 25 patients with advanced AS demonstrated an ORR of 68% and a mOS of 17 months.55

While mostly studied in combination with anthracyclines or taxanes, gemcitabine may also be considered as single-agent treatment (see Table 18.2).55,56 In a retrospective analysis of 25 patients who received weekly gemcitabine alone, patients had an ORR (partial response + complete response) of 68%. mOS in this case series was 17 months with mPFS of 7 months. In one patient, a locally advanced 244tumor was made resectable again.55 These results were highly encouraging, particularly in light of the tolerability of the study agent.
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Antiangiogenic Treatment

In vitro studies demonstrated a possible role of vascular endothelial growth factor (VEGF) and receptors in development and persistence of AS.57,58 Bevacizumab is a recombinant humanized antibody against VEGF, which has shown to be linked to tumor growth and metastases. In a study of 32 patients with AS or epithelioid hemangioendothelioma, approximately 48% of AS patients showed stable disease.59

Given the success of taxane and bevacizumab therapy independently, the ANGIOTAX PLUS trial randomized 50 AS patients to receive weekly paclitaxel or combination of paclitaxel plus bevacizumab.56 Within this trial, single-agent paclitaxel arm showed improved ORR of 45.8% compared to 28% for the combination arm. PFS was similar in both arms, but OS was longer in the paclitaxel arm at 19.5 months.

Endoglin, or CD105, is highly expressed on angiogenic and proliferative endothelial cells. Endoglin is a co-receptor for transforming growth factor receptor-β, and is upregulated in the setting of VEGF blockade, representing a potential escape mechanism that may be overcome with combination therapy.60

Recently, a Phase III trial of carotuximab (TRC105), a chimeric IgG1 antibody against endoglin, in addition to pazopanib, was conducted (TAPPAS).5 Primary outcome measure was PFS, with OS and ORR as secondary endpoints.61 Unfortunately, this study found no improvement in PFS or OS when TRC105 was added to pazopanib compared to pazopanib alone.62

Tyrosine Kinase Inhibitors

While less studied, tyrosine kinase inhibitors (TKIs) have been shown to have occasional effect as treatment in AS. Generally, two TKIs are considered in the treatment of AS, sorafenib, and pazopanib. Initial data for sorafenib came from a 2009 Phase II study incorporating STSs. Analysis of the data from that study demonstrated a significant response among those patients with AS in the treatment arm.63 A Phase II trial of sorafenib was conducted specifically in AS in 2012.64 This study stratified individuals into visceral and cutaneous AS. Ultimately, it only demonstrated a PFS of 1.8 and 3.8 months, respectively, as well as an OS of 12 and 9 months, respectively for visceral and cutaneous tumors.

Additional work has been done to study pazopanib, in particular, which has shown suppressive activity against VEGFR, PDGFR, and KDR, with overall benefit in AS patients. A retrospective analysis of 40 patients with AS performed by European Organisation for Research and Treatment of Cancer (EORTC) showed PFS of 3 months and OS of 9.9 months. These results were similar to those in the PALETTE study for all STSs.65,66 Within the review by the EORTC, pazopanib was used as a second or later line of therapy, indicating that it might be useful for patients less able to tolerate more intensive treatment regimens, including taxanes and anthracyclines.

The effectiveness of regorafenib, an orally available inhibitor of VEGFR1, VEGFR2, VEGFR3, KIT, and PDGFR, was studied in STS population that included AS patients (REGOSARC).67 Within this study, the mOS was 12.1 months in the treatment arm versus 9.5 months with placebo. More recently, data from an open-label Phase II study of oral regorafenib in 18 patients were announced. PFS rate at 4 months was 46%, with mPFS of 2.7 months and OS of 15 months.68

Nonselective Beta Blockers

The role of β-adrenergic receptors is important in numerous normal physiologic functions. These G-protein–coupled receptors are present on numerous cancers, and have been historically used in the 245treatment of infantile hemangiomas (IHs).69 β-Receptors are present on AS, and treatment with high doses of propranolol causes apoptosis of cell lines.70 Data are limited regarding the utilization of nonspecific β-blockade in the treatment of AS and are mostly available in case reports. In one patient, serial biopsies demonstrated a decreased proliferative index from 30% to 20%.71 A combination of propranolol with metronomic cyclophosphamide demonstrated effectiveness in a single case as well.72 Given the hints of benefit in case reports and the tolerability of therapy, further studies with β-blockade are likely upcoming in AS.
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Checkpoint Inhibitors

Large advances have been made in the field of immunotherapy, particularly in cancers, such as melanoma.73 More recently, immunotherapy has been considered as a potential treatment for sarcomas. In a Phase II trial of STS that unfortunately did not include AS, there was an 18% response rate.74 A 2017 paper demonstrated that, within a sample of 24 AS, approximately 66% expressed programmed death-ligand 1 (PD-L1).75 This information is encouraging in that PD-L1 expression has previously been shown to correlate with effectiveness of checkpoint inhibition. Case reports have demonstrated possible effectiveness of pembrolizumab in treatment of AS.76 At present, the role of immunotherapy in treatment of AS remains undefined. In a Phase II trial of nivolumab with or without ipilimumab for treatment of metastatic sarcoma, three AS patients were included in the combined study.77 Notably, one AS patient was among those patients with confirmed responses (N = 6). Given the exciting nature of these developments, it is anticipated that much additional research will be conducted regarding the role of checkpoint inhibition in treatment of AS (Table 18.3).78

Sequence of Therapies

The optimal sequence of anthracycline, taxane, and other therapies remains somewhat unclear at this time. There have been no randomized controlled trials directly comparing effectiveness of taxane to anthracycline treatment. Most retrospective studies demonstrate similar effectiveness, and survival rates between taxanes and anthracyclines. In 2011, a comparison of doxorubicin-containing regimens, weekly paclitaxel, and metastatectomy were analyzed by Penel et al.79 Given that this study incorporated the outcomes associated with the treatment of 149 patients, it is one of the largest to date. mOS was 11 months in the doxorubicin-containing regimens and 13.1 months with weekly paclitaxel. Time to progression was 3.9 months with doxorubicin and 5.6 months with weekly paclitaxel. Furthermore, a comparison of 117 patients who were treated with weekly paclitaxel or doxorubicin as first-line therapy was performed in 2012.80 In this study, there was no difference in response rate or significant difference in mOS. There was, however, a significant difference in ORR (53% vs. 29% in paclitaxel and doxorubicin, respectively, p = .02). Notably, there was also a larger proportion of patients with cutaneous AS in the paclitaxel group. Given the overall comparability of anthracycline and taxane regimens in the treatment of AS, there are insufficient data to recommend one form of treatment over the other as an optimal first line. It is clearly established, though, that it is reasonable to use each sequentially in the treatment of patients.

Evidence to guide subsequent lines of therapy is less clear, however, and treatment decisions often depend on patient performance status and behavior of disease. As mentioned above, pazopanib has been studied as a second or later line of treatment with modest results.65 Furthermore, as additional data are collected regarding the roles of regorafenib, propranolol, and immunotherapy, the role for each in the hierarchy of AS treatment will become clearer. The NCCN-approved AS systemic therapies include, in addition to those already described, vinorelbine, sorafenib, sunitinib, and all other systemic therapy options per NCCN Soft Tissue Sarcoma Guidelines for nonspecific histologic types.46

246SUMMARY

AS is a rare tumor of endothelial origin. Despite its scarcity, AS can present with local disease in nearly any organ system. Furthermore, rate of local recurrence as well as metastasis is high, making AS a difficult cancer to treat. In locoregional disease, AS is best treated with resection as well as RT. In the setting of metastatic disease, front-line therapy with anthracyclines or taxanes has been shown to be effective. Second-line therapy with taxanes or anthracyclines (whichever was not utilized in the first line) has likewise demonstrated some success. Evidence for later lines of therapy is less clear, with recent studies, however, with TKIs, nonspecific β-blockers, and immunotherapy showing some promise.

Regardless of the stage at presentation, as well as treatment, long-term prognosis is poor. Significantly more research must be performed in order to better understand the biology as well as the best means of treatment for AS.

 





CASE STUDY

The patient is a 40-year-old man without significant past medical history who presented to clinic for evaluation of intermediate- to high-grade metastatic AS. Imaging demonstrated a 5-cm lung mass, in addition to metastatic osseous disease. Core-needle biopsy revealed irregularly shaped blood vessels, and CD31 and FLI-1 on immunohistochemistry, suggestive of AS. The initial stage was T1bN0M1G3 and treatment was started with doxorubicin (Adriamycin) and olaratumab, for which he underwent 11 cycles (eight cycles of combined therapy, followed by olaratumab alone for a total of 33 weeks) until eventual progression of disease. During treatment, he maintained good performance status and was able to work. Following palliative radiation to the right pelvis for worsening pain, he was transitioned to gemcitabine in addition to docetaxel. His chemotherapy regimen was altered with eventual discontinuation of docetaxel after significant treatment-associated symptom burden. Single-agent gemcitabine was attempted, but again, tolerance for therapy was poor. Although his disease responded well to therapy, and was stable for 4 months, his quality of life was poor. He was eventually transitioned to paclitaxel single agent and achieved CR after eight cycles. Given worsening peripheral neuropathy, paclitaxel was discontinued, and the patient was given a drug holiday with surveillance. In total, 18 months have passed since the time of diagnosis, and he remains without evidence of disease.

This case illustrates a somewhat atypical scenario in that the patient responded so robustly to numerous lines of therapy. His OS and PFS were far longer than the mOS and mPFS for AS. Here, we see a common sequence of therapy in utilization of doxorubicin, as well as taxane in first and second lines. Later lines of treatment might incorporate TKIs or other NCCN-suggested agents.
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Desmoid tumors, or aggressive fibromatosis, are locally aggressive soft tissue tumors that do not have the ability to metastasize. The majority are spontaneous in nature; however, they are also seen in association with familial adenomatous polyposis. Desmoid tumors can further be divided by location (intra-abdominal, extra-abdominal, and abdominal wall) and typically present as nonmobile, fixed soft tissue masses. Computer tomography, ultrasound imaging, and magnetic resonance imaging can be utilized for diagnostic imaging and surveillance. An image-guided core-needle biopsy is necessary for diagnosis. The standard of care has been complete surgical resection. However, radiation and other systemic therapies can be used as primary, adjuvant, or neoadjuvant treatment. Treatment regimens should be individualized and require a multidisciplinary approach. This chapter discusses epidemiology, molecular pathogenesis, presentation, diagnostic approach, and therapeutic approach for desmoid tumors.
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INTRODUCTION

Desmoid tumors, or aggressive fibromatosis, are locally aggressive soft tissue tumors that do not have the ability to metastasize. The majority are spontaneous in nature; however, they are also seen in association with familial adenomatous polyposis (FAP). Desmoid tumors can further be divided by location—intra-abdominal, extra-abdominal, and abdominal wall—and typically present as nonmobile, fixed soft tissue masses. They are more common in women and in a younger age group. Mutations leading to tumorigenesis are seen in the β-catenin or adenomatous polyposis coli (APC) genes from the Wnt/β-catenin pathway. CT, ultrasound imaging, and MRI can be utilized for diagnostic imaging and surveillance. An image-guided core-needle biopsy is necessary for diagnosis. The standard of care has been complete surgical resection. However, radiation and other systemic therapies can be used as primary, adjuvant, or neoadjuvant treatment. Watchful waiting has been used in more indolent subtypes, and a period of observation is becoming the recommendation for all types. Desmoid tumors have a high propensity for recurrence; therefore, close surveillance is essential, particularly in the first 2 years. Treatment regimens should be individualized and require a multidisciplinary approach.

EPIDEMIOLOGY

Desmoid tumors are a very rare form of soft tissue tumor that are locally aggressive in nature. They account for 3% of all soft tissue sarcomas, with an incidence of 2.4 to 4.3 per million per year.1 Women are two times more likely to be affected than men with the average age of 25 to 35 years (range 15–60 years).1–3 The higher propensity for women to be affected is thought to be hormonal in nature, as many stain positive for the estrogen receptor immunohistochemically.4 There is no specific racial or ethnic group preferentially affected.

There are two primary subtypes of desmoid tumors, sporadic and familial. Sporadic tumors account for the vast majority of desmoid tumors, with ~90% of those encountered, equating to roughly 3.43 per million per year.5 The far less common subtype, familial, is associated with FAP. FAP is estimated to occur in one to five per 10,000 individuals and accounts for <10% of all desmoid tumors.6 Patients with desmoid tumors associated with the familial subtype have an 852 times greater risk of having a desmoid tumor than the remainder of the population.7 This is especially prevalent in the Gardner syndrome variant of FAP, which is associated with fibromas, osteomas, sebaceous cysts, and intestinal polyps. Additionally, patients with FAP who have desmoid tumors are more likely to be male, younger, and have intra-abdominal tumors.8,9

MOLECULAR PATHOGENESIS

The majority of desmoid tumors arise from a mutation in the Wnt/β-catenin pathway.1 A smaller proportion arises from derangements in the APC complex that affects the same pathway.9,10 The Wnt/β-catenin pathway normally plays a role in developmental gene expression as well as regulating the amount of β-catenin available intracellularly.1 The APC complex is a kinase pathway that is inhibited by the Wnt pathway. However, when activated, APC complex phosphorylates β-catenin on threonine 41 and serine 33, 37, and 45 of the β-catenin gene on exon 3. This leads to its degradation via a proteasome within the cell, ultimately leading to decreased amounts of β-catenin.11 When inactivated by the Wnt pathway, the APC complex can no longer phosphorylate β-catenin, leading to its accumulation 252within the cell. This increase of β-catenin within the cell cytoplasm leads to translocation into the nucleus, where it plays a pivotal role in gene transcription of cyclin-D1 and c-myc. Cyclin-D1 and c-myc stimulate cell proliferation.1,12

Sporadic Subtype

Roughly 95% of “wild type” desmoid tumors have mutations in the Wnt/β-catenin pathway described previously and results in majority of extra-abdominal desmoid tumors.13 CTNNB1 gene mutation is the most common that is encountered in the sporadic subtype of desmoid tumors, accounting for 85% of mutations seen.9,10,14 The CTNNB1 gene codes for β-catenin. Three different point mutations, T41A, S45F, and S45P, are seen in β-catenin.11,15 Many studies have shown higher recurrence rates and reduced 5-year disease-free survival for patients with mutations in β-catenin of CTNNB1.9,11 Specifically, the S45F mutation, has a higher rate of recurrence after surgical excision of the primary tumor; this may also be linked to anatomic location as there is a high rate of extra-abdominal desmoids with the S45F mutation.11,16,17 Multiple studies have evaluated the high rate of recurrence and specific gene markers. Current research is focusing on tailoring clinical care based on genetic markers.

Other aberrations have been noted in sporadic type desmoid tumors. Trisomy 8 and trisomy 20 have been seen in up to one-third of all desmoid tumors.18,19 Roughly 64% of pediatric desmoid tumors also have mutations in CTNNB1; however, they also have mutations in AKT1 E17K in 31% of tumors, BRAF V600E in 19% of tumors, and TP53 R273H in 9% of tumors.20

Familial Subtype

The vast majority of desmoid tumors are sporadic; however, patients with FAP typically have a mutation in the APC gene complex.9 Germ-line mutations in APC lead to the development of desmoid tumors in 10% to 25% of patients with FAP.12,21,22 FAP is an autosomal dominant hereditary condition caused by a mutation in the APC gene complex on chromosome 5q21-q22 that leads to hundreds of polyps within the colon.23 Owing to improvements in screening and treatment among patients with FAP, desmoid tumors have become the number one cause of death among patients who have undergone colectomy.22 The majority of patients with APC mutations are also more likely to have intra-abdominal desmoid tumors, with high preponderance for small bowel mesentery involvement.24 A young male with a primary intra-abdominal desmoid tumor should be referred for colonoscopy given the association with FAP.2

PRESENTATION

Desmoid tumors typically present as painless, nonmobile masses on the trunk or arms. They can also present with bowel obstruction, or rarely, as acute bowel ischemia or functional issues with ileoanal anastomoses in patients with FAP who have previously undergone total abdominal colectomy.25,26 There are three primary anatomic locations: extra-abdominal, intra-abdominal, and abdominal wall. Molecular subtype and response to therapy vary by anatomic location. Location is an important consideration in treatment algorithm in patients presenting with desmoid tumors.

Extra-Abdominal

Extra-abdominal desmoid tumors occur anywhere from the head and neck, the trunk, to the extremities. Extremity desmoids occur anywhere on the arms, legs, girdles, and deep pelvis. Among extra-abdominal desmoid tumors, those in the extremity have a worse overall disease-free survival, with a 20% decreased disease-free survival rate compared to other locations.27 These lesions typically arise from musculo-aponeurotic structures. Local growth can result in limb deformation and pain.

Intra-Abdominal

Intra-abdominal tumors are typically associated with FAP and are primarily mesenteric in location.27 Local progression can lead to bowel obstruction, ureteral obstruction, bowel ischemia, and organ dysfunction. This anatomic site is a small subset of desmoids, accounting for only 2% to 15% of all desmoid tumors, and has up to an 88% recurrence rate.2,21,28,29 There is a 3.5% to 32% incidence among patients with FAP; however, they can occur sporadically.28 Therefore, an intra-abdominal desmoid should not be assumed to be associated with hereditary subtype until full pathologic evaluation. Any person who presents with an intra-abdominal desmoid tumor under 40 years of age should have a colonoscopy to evaluate for colon polyps and possible FAP.28,30 Intra-abdominal desmoids typically arise from within 253the small bowel mesentery. This leads to challenging surgical resection due to the risk of bowel ischemia secondary to wide local excision of the supplying mesentery.31 This can result in short gut syndrome and lifelong total parental nutrition (TPN) in some patients. Given these risks, medical management should be employed when a significant portion of the mesentery is compromised prior to undergoing surgical treatment.

Abdominal Wall

Patients with abdominal wall desmoid tumors typically present with a nontender, palpable abdominal wall mass. This location has the best prognosis for disease-free survival and response to therapy compared to the other locations.32,33 Wide local excision of abdominal wall tumors can lead to difficulties in abdominal wall reconstruction. This requires a multidisciplinary approach to surgical management among the surgical oncologist and reconstructive surgeon during preoperative planning.34,35

Abdominal wall desmoids are also much more common among women, and pregnant women in particular. It is thought that estrogen causes an increase in disease proliferation secondary to expression of the estrogen receptor β ligand on tumor cells; however, the exact mechanism is not understood.36,37 Despite an increase in incidence during pregnancy, it can still be managed with standard therapies including surgery or “watchful waiting.” One study showed that 14% of pregnant women who underwent watchful waiting had spontaneous regression, only 27% of patients had tumor progression, and only one patient had to undergo cesarean section secondary to her disease. However, there was a higher rate of progression of the tumor among women who were pregnant.37 There is no difference in recurrence-free survival among women with abdominal wall desmoids who are pregnant and those who are not pregnant. Pregnancy is not contraindicated in patients with history of desmoid tumors.37,38

IMAGING: DIAGNOSIS AND CHARACTERISTICS

Ultrasound exam, CT, and MRI are all utilized in the diagnosis, staging, and surveillance of desmoid tumors. Ultrasound can be utilized for peripheral or abdominal wall tumors. They have variable appearance on ultrasound images and either present as well-defined hypoechoic structures or ill-defined, infiltrative masses.39 They are often identified by the “tail sign,” the tumor infiltrating along fascial planes, or the “staghorn sign,” which shows linear tumor extension.40 Ultrasound is particularly useful for pregnant women with abdominal wall tumors given the lack of radiation. It can also be used to serially follow extremity/abdominal wall desmoids.

Typically, cross-sectional imaging is the initial step in diagnosis of desmoid tumors. It allows for further delineation of tumor size, surrounding anatomic involvement, and invasion into any adjacent structures. CT scan with contrast is the preferred imaging modality for intra-abdominal desmoid tumors. They usually appear as poorly defined masses with variable contrast attenuation. The amounts of collagen and myxoid components dictate the appearance on CT.39,41 The more myxoid component, the more hypodense the lesion will appear. The more skeletal muscle, collagen, and fibrotic components, the more hyperdense the lesion will appear.40 However, it is very rare to have necrosis or calcifications seen on CT imaging. Intra-abdominal desmoid tumors seen with FAP typically have extensions with radiating spicules into the mesentery and which can help delineate any other organ impingement or bowel obstruction.42

MRI, specifically T2-weighted imaging, is the modality of choice for evaluating abdominal wall and extra-abdominal desmoid tumors. It most commonly appears as low intensity of T2-weighted images and hyperintense on T1-weighted images.40 Another typical finding on MRI is the “band sign,” which is low signal, nonenhancing bands within the tumor.40,43 Similar to CT imaging, tumors can have a heterogeneous appearance based on myxoid and collagenous components. It is also rare to see necrosis.43 MRI is also useful in the assessment of desmoid tumors among pregnant women.

DIAGNOSTIC APPROACH

In order to diagnose desmoid tumors, an image-guided core-needle biopsy is recommended. This can be done via ultrasound for peripheral tumors or via CT-guided biopsy for intra-abdominal or deep pelvic tumors. Pathologic examination shows poorly circumscribed, infiltrating lesions that have an abundance of spindle cells within collagen. They also have low cellularity and proliferation of fibroblasts. Immunohistochemical staining is positive for muscle-specific actin (MSA) and smooth muscle actin (SMA) and negative for desmin, h-caldesmon, and S-100.1 Additionally, 40% to 91% stain positive for 254β-catenin; however, some advocate that a better diagnostic marker is a mutational analysis of CTNNB1 for diagnosis.44,45 Differential diagnoses include scar tissue, low-grade fibromyxoid sarcoma, nodular fasciitis, myofibroma, Gardner fibroma, and collagenous fibroma.

THERAPEUTIC APPROACH

The primary treatment for desmoid tumors is surgical resection. Nonsurgical therapies include hormonal therapy, chemotherapy, tyrosine kinase inhibitors (TKI), radiation, and “watchful waiting.” The watchful waiting approach is reasonable because approximately 20% of tumors undergo spontaneous regression. Treatment regimens are described in detail in the following sections. Local control still remains difficult, despite which modality used, with recurrence rates between 24% and 77%.46,47 Table 19.1 summarizes response and recurrence rates of the various treatment modalities.

Surgery

Standard treatment for desmoid tumors is wide local excision to negative margins. Intraoperatively, the goal is wide local excision with 1-cm margins when possible.48 However, based on location and size of the tumor, this can lead to significant morbidity and even death. Multiple studies have evaluated the recurrence rate for margin negative (R0) disease and recurrence potential. Patients with R0 resection have 5-year recurrence rates ranging from 16% to 25%.27,49,50 Five-year recurrence rates increase with microscopically positive margins (R1) on final pathology, ranging from 19% to 48% for R1 resection.27,49,51,52 Given the high rate of recurrence after surgical resection, several studies have evaluated prognosis with regard to R0 versus R1 resection. Some studies have shown improved prognosis with microscopically negative margins,50,53,54 while others have shown minimal to no prognostic benefit to R0 resection.51,55 Given these findings, the goal of surgery should be R0 resection. However, this should be limited based on organ compromise or severe limb/disfigurement from resection because the debate of margin status on prognosis is still in question. Indeed, some surgical series show that R0 margins are achieved in only a minority of patients.
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255Frozen section has been used intraoperatively to help determine margin status.46,48 However, desmoid tumor is hard to distinguish from scar tissue on frozen section. Furthermore, it does not improve the rate of recurrence.46 Therefore, frozen section analysis intraoperatively is not recommended.

As stated previously, excision of desmoid tumors can be difficult based on size and location. When addressing abdominal wall tumors, these large masses can leave significant abdominal wall defects, requiring a multimodality approach to repair. At our institution, we commonly involve plastic surgery for assistance in coverage of large defects requiring an array of soft tissue transfers and flaps. Mesh is also commonly employed. Mesh is safe to use in reconstruction of abdominal wall defects after resection of desmoid tumors, with low primary tumor recurrence and long-lasting abdominal wall repairs.33

For the intra-abdominal tumor location, it is important to close the peritoneum, even with staged procedures, in order to prevent fistula tract formation. Mesh is also a viable option for closure of the abdominal wall after intra-abdominal tumor resection. This location can present a particularly difficult problem when a significant portion of the mesentery is compromised or the tumor is in proximity to the origin of the superior mesenteric artery. Again, a multidisciplinary approach can be utilized with vascular surgery for involvement in bypass procedures of the superior mesenteric artery in order to obtain R0 resection.56

Surgical management for extremity desmoid tumors should focus on limb salvage. If the tumor is not resectable without limb loss, it is reasonable to treat the primary tumor with other modalities or the addition of adjuvant therapy with positive margins. Multiple studies have shown that limb salvage with adjuvant treatment modalities is a safe option for patients with extremity desmoid tumors.57–59 Therefore, standard of care for extremity desmoid tumors is limb salvage, with R1 resection if necessary followed by adjuvant systemic therapy or radiation as indicated.

Isolated limb perfusion has also been utilized for extremity tumors that are unable to achieve R0 resection. Limb perfusion using tumor necrosis factor-α (TNF-α) and melphalan-based isolated limb perfusion (TM-ILP) has shown response rates as high as 75%. However, these are associated with the known side effects of epidermolysis and intractable pain.60,61 Amputation does remain an option for patients who do not tolerate local therapy, have continued growth of the primary tumor, desire primary amputation, or have a poor functional status at baseline.

Hormonal and Nonsteroidal Anti-Inflammatory Drugs (NSAIDs)

Both NSAIDs and hormonal therapy are commonly employed as adjuvant therapy for desmoid tumors. Given the propensity for desmoid tumors to occur in females and that they have been found to stain positive for the estrogen receptor, antiestrogen agents are used; however, the exact mechanism is unknown.2,62–64 Hormonal therapy is typically employed as adjuvant therapy and for recurrence of desmoid tumors. They have a low overall side effect profile and are typically tolerated well by patients. Most commonly, tamoxifen and raloxifene are used as first-line antiestrogen agents with partial response rates as high as 40% to 51%.21,65 Other hormonal agents that have to be used include megestrol, progesterone, goserelin+tamoxifen, and testolactone. With regard to NSAIDs, sulindac is the most commonly employed NSAID for systemic treatment, but indomethacin is also used.66 However, response rates to NSAIDs alone are low, ~27%.21

Given the low response to individual therapy with antiestrogen or NSAIDs alone, combination therapy has been used. When used in combination, response rates were as high as 85% in one study, for both patients with sporadic type and FAP-associated tumors, defined as stable disease or regression.67 Furthermore, these agents were able to be discontinued with only one long-term recurrence. Given these sustained findings, high-dose NSAID and antiestrogen therapy can be applied in patients who were not resectable or had R1 disease. Use for many months may be required before there is any relief of symptoms or reduction in disease.67–69

Celecoxib (Celebrex) and other cyclooxygenase-2 (COX-2) inhibitors have been used for management of desmoid tumors, either as single therapy or in combination with other agents.70–72 COX-2 256inhibitors are thought to independently target the Wnt/β-catenin pathway that is also affected by desmoid tumor pathogenesis.73 However, the literature to support its use is sparse, with case studies or small pilot trials. Further work needs to be done to address this possible therapeutic agent for the treatment of desmoid tumors.

Radiation Therapy

When tumor resection would lead to functional deficits or is in a location that is otherwise unresectable, radiation has been shown to be effective treatment for desmoid tumors. Rates of local control are ~80% for disease that is not amenable to surgical resection.74,75 The European Organisation for Research and Treatment of Cancer (EORTC) performed a Phase II clinical trial, evaluating patients with unresectable disease who underwent a standardized radiation regimen with local control in ~80% of patients. Complete response was low, with only 13% of patients with complete response to radiation therapy; partial response was noted in 36.4%, and stable disease was noted in 40.9% of patients.74 It is important to recognize that the response to radiation therapy can occur slowly over the years after completion of treatment. There is interest in combining systemic and radiation therapy for unresectable desmoid tumors. A small study evaluated imatinib with radiation therapy with promising results for local control.76

Radiation therapy can be used both in the neoadjuvant and adjuvant settings as well as definitive therapy for desmoid tumors that are unresectable. Two large meta-analysis studies have evaluated surgery without adjuvant radiation and adjuvant radiation therapy after surgery. One study saw superior local control of tumor for those who underwent radiation with surgery compared to surgery alone (75% vs. 68%, respectively).77 Another study evaluated patients with R1 resection who were treated with and without adjuvant radiation therapy. The overall recurrence of desmoid tumors was higher with R1 resection, but there was an overall improvement in recurrence rate with adjuvant radiation for both primary tumors and recurrence.78 However, there have been no prospective, randomized control trials evaluating radiation as adjuvant therapy for desmoid tumors. The rarity of desmoid tumors makes it a challenging disease in which to conduct randomized clinical trials. Furthermore, the radiation doses used in the past were variable and based on institutional practices, making evaluation of these studies difficult. Current National Comprehensive Cancer Network (NCCN) guidelines suggest 50 Gy in conventional fractionation for adjuvant radiation and 50 to 56 Gy for treatment of unresected disease. Smaller, retrospective studies have shown no benefit for surgery alone compared to surgery with radiation.79 Radiation can also have significant side effects including skin irritation, edema, and fibrosis, although these are generally mild-moderate in modern series,74 and also carries the risk of a radiation-associated malignancy. Given these issues, it is important to employ a multidisciplinary approach when evaluating patients for radiation therapy.

Neoadjuvant radiation therapy has also been evaluated; however, like adjuvant therapy, there have been no randomized prospective studies. Furthermore, the literature is sparse and the available studies are small and not standardized. There is a proposed benefit to improve local control and to bridge patients to resectable disease. Similar to the other adjuvant treatments described, chemotherapy has been used in conjunction with radiation with response rates as high as 90%.80,81

Chemotherapy

Systemic chemotherapy agents are typically used for unresectable or recurrent disease with response rates ranging from 30% to 80%, depending on agent and regimen used.21,69,82,83 Agents include methotrexate, vinblastine, cisplatin, and (most commonly) anthracyclines. Chemotherapy is usually second-line systemic therapy given the side effect profile. However, if the disease is rapidly progressing, unresectable, or encroaching on critical adjacent structures, it can be used as first-line therapy.83–85 Similar to NSAID and hormonal therapies, it can take multiple months prior to seeing any effect from treatment.83

First-line chemotherapy agents are anthracycline-based regimens due to high response rates and longer periods of progression-free survival (PFS). One study evaluated anthracycline-based chemotherapy regimens compared to other forms of systemic therapy (i.e., NSAIDs, antiestrogens, and imatinib). They found a 54% response rate with anthracycline-based chemotherapy compared to only 12% with the other treatment modalities (p = .0011), with a higher PFS for patients who did not have extremity location desmoid tumors.83 Others have shown increased PFS of 74 months while on anthracycline-based therapy.82 However, a trade-off is the potential cardiotoxic side effects of anthracycline-based treatment that can make this a less favorable option for some patients. Studies have also evaluated methotrexate with vinblastine for low-dose chemotherapy regimens with promising results.86,87 However, these studies are limited given the small sample size.

257Tyrosine Kinase Inhibitors

TKIs including imatinib, sunitinib, sorafenib, and pazopanib have been used for treatment of desmoid tumors with response rates of approximately 20% and minimal toxicity. Multiple Phase II clinical trials have been performed evaluating imatinib for treatment of desmoid tumors. They have shown PFS in ~65% of all patients. However, the overall response rate was low, ranging from 6% to 16% with the higher response rate seen in patients receiving higher doses of imatinib. Side effects for these trials was overall low.88–90

Sunitinib has also been used for treatment of desmoid tumors. It appears to be more potent than imatinib with small studies showing that sunitinib may be beneficial when imatinib was not.91 A Phase II clinical trial showed that roughly one-fourth of all patients responded to therapy, of which, three-fourths had a 2-year PFS. However, there was significant adverse reactions to therapy with bleeding, bowel perforation, and fistula to tumor for intra-abdominal mesenteric desmoid tumors.92 Patients being treated with sunitinib need to be counseled on the possible adverse reactions.

Sorafenib has been used for treatment of desmoid tumors; until recently it has only been studied in Phase II studies. These studies revealed partial response rates of 25% with sorafenib, with stable disease in 70% of patients.93 A recent Phase III clinical trial of sorafenib has reported results on the first 75 patients; the response rate was 33% and PFS doubled over the placebo arm.94 Sorafenib has also been used in conjunction with celecoxib in case studies with major responses in patients who had recurrent disease.70

To date, the use of pazopanib has been limited. Only one small case report has shown improved symptoms and response to pazopanib.95–97 Similar to sorafenib, results of a recently completed clinical trial were reported but have not been finalized; improved responses and PFS were seen compared to methotrexate vincristine.98 Final results of these studies are awaited to evaluate the overall benefit of these TKIs in the treatment of desmoid tumors.

Novel Therapy

There are several new therapies investigating recently discovered pathways and targets in desmoid tumors. A Phase I trial that is investigating PF-03084014, an oral reversible γ-secretase inhibitor, is currently ongoing. This γ-secretase inhibitor interacts with the Notch pathway. Initially developed for Alzheimer’s treatment to inhibit β-amyloid accumulation, it is also being investigated in desmoid tumors. The Notch pathway involves four surface receptors that function in most cases as an oncogene. These receptors are particularly high on stromal cells, the exact mechanism with regard to desmoid tumors is unknown, but is likely due to cell cycle arrest.99,100 The γ-secretase inhibitor has shown tumor response in desmoid tumor in ~30% of patients and additional stable disease in ~30% of patients.101 The side effect profile is also low and well tolerated, with nausea, vomiting, hypophosphatemia, and hypertension as the most common side effects.99 This shows promise for new novel treatment of desmoid tumors, with ongoing studies looking at the efficacy of γ-secretase inhibitor efficacy on a larger cohort of patients.99

Rhamm is a protein seen in wound healing and neoplastic processes that is expressed in high levels on desmoid tumors. Small animal models have shown Rhamm associated with cell–cell contact and proliferation.102 It may be a new target in the treatment of desmoid tumors.

Another new therapy for desmoid tumors is targeting hyaluronan (HA), a glycosaminoglycan on mesenchymal cells. Immunochemistry has shown that HA plays a role in cell signaling and tumor proliferation. This interaction may lead to targeted therapy that inhibits this interaction.103

Watchful Waiting

There has been a growing body of evidence that advocates for surveillance alone of desmoid tumors, or “watchful waiting.” It stems from the high rate of recurrence after surgery, the observation of spontaneous regression in some patients, and high morbidity seen with some tumor resections. This approach includes active, careful surveillance of patients on a regular schedule with appropriate imaging based on location for 2 months consecutively, then 3 months for 1 year, followed by 6 months for 5 years, and then yearly for an indefinite time period.68 The best candidates for the watchful waiting approach are those with no symptoms and are not related to any critical anatomic structures. More aggressive management may be more appropriate for those tumors in close relation to such structures.

Watchful waiting was initially advocated in Europe and has since been more widely employed in the United States. A study in the European Journal of Surgical Oncology in 2008 showed that patients who were managed with surgery (R0 resection) versus those patients under surveillance with medical therapy had the same event-free survival rate of 65%. The only difference between the two groups in regard to improved event-free survival was quality of resection and location of tumor.32 This led to 258a wider study to look at patients being treated with systemic therapy compared to no therapy. They found that there was no difference in PFS among the groups (49.9% vs. 58.6%, respectively).37 The majority of recurrences were seen in the first 2 years,53 advocating for the highest surveillance and monitoring in those early years. Some institutions are now using “watchful waiting” as first line after diagnosis of desmoid tumor and only move to other treatment modalities if the tumor is an aggressive phenotype.28,68

FOLLOW-UP AND SURVEILLANCE

As stated previously, the highest rate of desmoid tumor recurrence is seen within the first 2 years.53 Patients should undergo history and physical exams along with appropriate imaging, based on location every 3 to 6 months for the first 2 to 3 years and then annually after that time.104

PROPENSITY TO METASTASIZE

Unlike other soft tissue tumors, desmoid tumors lack the ability to metastasize to other locations in the body, although multifocal tumors can occur, particularly in the extremities.105,106 However, as discussed previously, they act aggressively, invading surrounding structures and recur locally even with microscopic and gross margin negative resections.

THERAPEUTIC APPROACH FOR RECURRENT DISEASE

Desmoid tumors have a very high recurrence rate, ranging from 19% to 77%.77 For recurrent disease, surgical resection (as described previously) is standard of care if surgically resectable. However, radiation and other systemic treatment modalities can be utilized for recurrent disease. Patients with recurrent desmoid tumors should be evaluated by a multidisciplinary team and should be treated with the modality that is the most appropriate based on location, tumor biology, and associated structures involved. No single therapy has been shown to be the most effective for recurrent disease.

SUMMARY

Desmoid tumors are characterized by their infiltrative nature and propensity for recurrence. For asymptomatic patients, a period of watchful waiting to characterize the individual disease process is useful. This must be balanced against potential critical organ resection if there is progression. Particularly mesenteric desmoids should be considered for nonsurgical therapies as the majority involve a significant portion of mesenteric vasculature that can lead to intestinal compromise, fistula, and abdominal wall disasters with resection. For extremity lesions, imaging is invaluable in determining total extent of disease as often these lesions have long tails and the palpable mass on exam is only a small portion of the entire lesion. Sparing patients large morbid resections should be the strategy with initial resection, which should aim for gross total resection because recurrence rates are similar for microscopically positive or negative margins.

 





CASE STUDY

A 27-year-old woman presented to the sarcoma surgical oncology clinic with recurrent desmoid of the lower extremity. She initially underwent resection 7 years before. She had developed recurrence 6 years after resection and then another at 1 year prior to this most recent recurrence. Surgical resection had required skin grafting previously. She self-palpated several nodules a few months postoperatively. These nodules were associated with pain with exercise. MRI revealed several enhancing nodules along the gastrocnemius and soleus muscles totaling 12.5 cm in craniocaudal dimension (Figure 19.1). Biopsy of the lesion showed desmoid fibromatosis. Meloxicam had been started by the referring institution. Repeat imaging revealed growth during this time. The case was presented at multidisciplinary tumor board, and owing to the 259extent of disease, possible Achilles tendon involvement and short-term recurrence after her most recent surgery, the consensus was to begin chemotherapy with a combination of sorafenib and celecoxib. The patient reported decrease in pain after a few weeks with improvement in ability to walk long distances. After 5 months on therapy exam, an MRI revealed a decrease in size in all lesions (Figure 19.2). She will continue with this therapy until no further response clinically and radiographically is seen, at which time she will be considered for surgical resection versus observation.
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FIGURE 19.1  MRI T1 sagittal and axial views of patient with lower extremity desmoid tumor. Imaging shows multiple enhancing nodules along gastrocnemius muscle consistent with desmoid tumor.
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FIGURE 19.2  MRI T1 sagittal and axial views of same patient after 5 months on therapy. Imaging reveals decrease in size of all tumor nodules.
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Undifferentiated Pleomorphic Sarcoma/Myxofibrosarcoma/Other Fibrosarcomas
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Undifferentiated pleomorphic sarcoma (UPS) encompasses malignant neoplasms of mesenchymal origin, which demonstrate cellular pleomorphism and which lack evidence of cellular differentiation. The term UPS has been coined in replacement of the obsolete term malignant fibrous histiocytoma, as research evidence revealed the latter constituted a diverse group of neoplasms with various differentiation. Fibrosarcomas constitute a rare group of soft tissue sarcomas that usually affect deep tissues. For localized disease, the treatment of high-grade tumors includes a multimodality approach (perioperative chemotherapy, radiation therapy, and surgery), followed by close surveillance with scans and follow-up visits. For metastatic disease, patients will require systemic therapies as well as radiation therapy and surgery in selected patients. This chapter reviews clinical presentation, diagnostic approach, and general therapeutic approach for UPS, and discusses metastatic disease, atypical fibroxanthoma, and fibrosarcoma subtypes.
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INTRODUCTION

Malignant fibrous histiocytoma (MFH) is a term coined in 1964 to describe a group of soft tissue sarcomas (STSs) of mixed histiocytic and fibroblastic lineage.1 MFH was recognized for many years as the most common STS in adults and was associated with a metastatic rate of around 30% and a 5-year overall survival rate of approximately 70%.2 However, subsequent histopathologic and molecular studies demonstrated that MFH was quite diverse, and although tumors classified as MFH shared morphologic similarities, it was soon recognized that this diagnosis encompassed a diverse group of sarcomas with distinct clinical behavior. Underscoring this was evidence of patterns of incomplete mesenchymal differentiation in tumors classified as MFH, with some demonstrating features of smooth muscle, adipose tissue, and peripheral nerve sheath.3–6 In light of these findings, the term MFH is now considered obsolete, and the majority of cases previously classified as MFH have been reclassified as undifferentiated pleomorphic sarcoma (UPS).7 The term UPS encompasses malignant neoplasms of mesenchymal origin, which demonstrate cellular pleomorphism and which lack evidence of cellular differentiation. Most cases do not have an apparent predisposing factor, but prior radiation is a risk factor, accounting for about 2% to 3% of UPS cases, as are hereditary cancer predisposition syndromes, such as Li–Fraumeni syndrome.8,9 Overall, UPS constitutes 10% of adult STSs, with an incidence of around one new case per 100,000 per year and represents one of the most common STS subtypes diagnosed in older adults.10

Over the past decade, new light has been shed on the underpinnings of UPS, and this information will translate into new therapeutic horizons for patients suffering from this disease.

CLINICAL PRESENTATION

UPS typically presents as deep-seated lesions in the extremities or trunk, with lesions in the lower extremities being the most common. In contrast, superficial or subcutaneous lesions are rare in this sarcoma type. Clinical features of UPS are not specific, and the patients may present with a variable myriad of symptoms based on the location of the primary tumor. For example, UPS of the extremity tend to enlarge rapidly and painlessly.11,12 In contrast, patients with retroperitoneal tumors may develop constitutional symptoms including anorexia, weight loss, malaise, fatigue, and early satiety.11

The most common age of diagnosis for UPS is between the ages of 50 and 70 years,10 with cases of pediatric UPSs being infrequent.13 The majority of evidence suggests that males and females are approximately equally affected, although a slightly increased male prevalence has also been reported.7

DIAGNOSTIC APPROACH

Tumor biopsy remains the gold standard for morphologic diagnosis. Numerous ancillary techniques are useful in support of morphologic diagnosis, including immunohistochemistry (IHC), classical cytogenetics, fluorescence in situ hybridization (FISH), and genetic sequencing.31 Sarcoma diagnosis should be carried out by an experienced sarcoma pathologist.

The diagnosis of UPS is based on exclusion, as the key feature of UPS is the absence of a specific line of differentiation. Several sarcoma types show a comparable degree of cellular pleomorphism, such 266as sarcomatoid carcinoma (SC) and pleomorphic forms of liposarcoma, leiomyosarcoma, and rhabdomyosarcoma, among others.11 These sarcoma types should be considered in the differential diagnosis and should be excluded to reach the diagnosis of UPS.

RADIOGRAPHIC EVALUATION

The radiologic evaluation of STS has changed over the past 30 years. Initially, the evaluation of these tumors was limited to radiographs. With the introduction of CT and MRI, the ability to accurately characterize STSs changed dramatically.14 There are no pathognomonic radiologic findings in UPS. The radiologic evaluation of UPS follows the general approach to STS and should include CT or MRI of the primary site and imaging of the lungs to evaluate for distant metastatic spread at presentation. Whole-body PET-CT is a useful adjunct to CT/MRI of the primary tumor31 and can be helpful for staging, prognostication, and subsequent evaluation of treatment response for patients receiving systemic therapy or radiotherapy.15 As the risk of central nervous system (CNS) metastasis is low—1% to 8%16—imaging of the brain is not required at presentation unless patients demonstrate clinical symptoms suggesting CNS metastasis.

TUMOR CHARACTERISTICS

Although there have been several studies to elucidate the molecular aberrations driving UPS, the critical pathways involved in oncogenesis of UPS remain incompletely understood.10,17–20 Early studies of UPS/MFH revealed that these tumors are characterized by complex genomic profiles with frequent gains and losses of whole chromosomes or chromosome regions as well as focal amplifications and deletions.21–23

Loss of tumor suppressor genes in UPS has also been reported, with 71% exhibiting at least one mutation and deletion in p53 in a cohort of 109 patients24 or inactivation of the RB1 gene.25

Gene expression profiling has not identified significant recurrent alterations in UPS.12 However, Wang et al. described the increased activation of Hedgehog and Notch signaling pathways in cells with stem-like tumor-initiating potential from UPS.26 The overexpression of DKK1, an inhibitor of the Wnt canonical pathway, has also been reported.27 Helias-Rodzewicz et al. and later the Cancer Genome Atlas Research Network (CGARN) reported CCNE1, VGLL3, and YAP1 genes were found to be overexpressed in a subset of UPS, indicating a proportion of them may be driven by the Hippo pathway.23,28 More recently, Delespaul et al. reported a small subset of UPS harbor fusions that involve the TRIO gene.29

Further studies are needed to understand the impact of various genomic and epigenetic events on the prognosis and optimal management of UPS.12

GENERAL THERAPEUTIC APPROACH

Patients should be discussed in multidisciplinary sarcoma tumor boards, as it has been shown they will have adequate radiologic tumor assessments, tumor biopsies, and better adherence with clinical recommendations compared with patients who were not discussed at the sarcoma tumor board.30

Wide excision plus radiotherapy remains the cornerstone of treatment of nonmetastatic tumors, and it is considered the standard of care.31 Randomized trials have confirmed the role of these treatment modalities.32–34

Neoadjuvant or adjuvant anthracycline-based systemic chemotherapy is a consideration for patients with large (>5 cm), high-grade UPS per current consensus guidelines.31 A 2008 meta-analysis of 18 randomized trials evaluating adjuvant chemotherapy in patients with STS suggested benefits in both local control and risk of distant metastasis in patients receiving systemic chemotherapy. Combination regimens using doxorubicin plus ifosfamide were associated with a 46% relative risk reduction in death (odds ratio [OR] for death 0.56, 95% confidence interval [CI] 0.36–0.85), which translated into an absolute risk reduction of 11%. Inclusion of ifosfamide appears to be important in reducing risk of death, as adjuvant chemotherapy with single-agent doxorubicin did not meet criteria for statistical significance.35

Tumor size and grade were subsequently demonstrated to be important factors to consider when evaluating patients for adjuvant doxorubicin plus ifosfamide chemotherapy. The European Organisation for Research and Treatment of Cancer (EORTC) 62931 study was a 351-patient randomized study of 267observation versus adjuvant doxorubicin plus ifosfamide chemotherapy in patients with grade 2 or 3 STS, >5 cm in size. This study only included 40 patients with UPS out of 281 cases reviewed.36 There was no difference in progression-free survival (PFS) or overall survival for all patients included in this study. However, subset analyses suggested a possible survival benefit from adjuvant chemotherapy, for patients with large (>10 cm), high-grade (grade 3) tumors.36 A subsequent patient-level reanalysis of the EORTC 62931 study, using the SARCULATOR nomogram to separate patients into low-, intermediate-, and high-risk cohorts, suggested that adjuvant chemotherapy may be beneficial to patients with the highest risk of recurrence following surgical resection alone.37

Given that doxorubicin plus ifosfamide is an intensive regimen that is not well tolerated, alternative chemotherapy regimens have been evaluated in the adjuvant setting for UPS. Recently, adjuvant chemotherapy with doxorubicin and ifosfamide was shown to be superior to gemcitabine plus docetaxel in patients with high-risk UPS.38 Several new adjuvant approaches are currently under investigation including the addition of oral tyrosine kinase inhibitors (e.g., pazopanib),39 other small molecule radiosensitizers (e.g., AMG-232),40 and immunomodulatory drugs (e.g., pembrolizumab)41 to radiation and wide excision.

For patients with resectable, localized UPS who are not being treated on a clinical trial, wide surgical excision with adjuvant or neoadjuvant radiotherapy remains the standard of care; anthracycline-based chemotherapy with doxorubicin and ifosfamide should be considered for high-risk patients with good performance status and preserved organ function.31

SURVEILLANCE

Essential goals of follow-up surveillance include early identification of recurrences, identification of treatment-related complications, and patient reassurance. After the definitive treatment for localized disease is completed, the patients will require periodic visits and scans (CT or MRI), because patient recurrence risk never returns to zero.42 The follow-up interval may vary depending on the institution. There is limited data regarding the best strategy for surveillance.43–46 The National Comprehensive Cancer Network (NCCN) guidelines outline the importance of a prudent follow-up schedule, tailored to the recurrence risk. Higher grade and larger tumors may require a more intensive follow-up.

For patients with low-risk tumors (stage I), who completed treatment with curative intent, follow-up with annual scanning of the primary site for at least 5 years is recommended.31 Often these patients are seen every 3 to 4 months in the immediate postoperative period for the first 2 years, then every 4 to 6 months for the next 2 years, and yearly thereafter.47

Patients with high risk tumors (stage II–III) may have follow-up visits with imaging every 3 months for the first 1 to 2 years, then visits every 4 months for the next 1 to 2 years, followed by visits every 6 months for 1 to 2 years, and yearly visits thereafter.47

PROGNOSIS

Sarcoma staging is essential not only because it provides an individual patient prognosis but also because it determines treatment. The staging system most often used for STS is the American Joint Committee on Cancer (AJCC) staging system. The AJCC recently published the eighth edition of its staging system, based on a retrospective analysis of 21,396 cohorts of adult patients with STS of the extremity or trunk.48

Prognostic factors include tumor size, grade, and distant metastases at initial presentation.49 The majority of UPSs are high-grade tumors, having a historical local recurrence rate ranging from 19% to 31%, a metastatic rate of 31% to 35%, and a 5-year survival rate of 65% to 70%. Only a minority of patients develop metastases after 5 years, with the common metastatic sites being lung (90%), bone (8%), and liver (1%). Regional lymph node metastases are uncommon.2,50–52

Several prediction tools have been developed in sarcomas. In 2002, Kattan et al. developed a nomogram, based on a prospectively followed cohort of 2,136 adult patients with primary STS who were treated at Memorial Sloan-Kettering Cancer Center (MSKCC; New York, NY). This nomogram can predict the likelihood of recurrence and overall survival for up to 12 years.53,54

The prognostic nomogram Sarculator (http://www.sarculator.com)55,56 calculates the probability of overall survival and distant metastasis at 5 and 10 years after surgery. It considers patient age, tumor 268size, tumor grade, and tumor.55 The Sarculator was previously retrospectively tested and validated in 1,452 and 2,300 patients, respectively55 and further validated in a prospective randomized trial investigating perioperative anthracycline-based chemotherapy for high-risk STS of extremities and trunk wall.57–59 Its potential use in the clinics has been recently demonstrated.37

METASTATIC DISEASE

For patients with oligometastatic disease, metastasectomy or other definitive local therapy for metastases should be considered as part of a multimodality approach. There is conflicting data on the potential survival benefit of metastasectomy. In a retrospective study of 48 patients, there was no improvement in the overall survival for patients treated with metastasectomy, compared with those with unresectable disease.60 A recent retrospective study involving 112 patients with metastatic STS identified several statistically significant variables for improved overall survival including resection of metastatic disease, <4 pulmonary metastases, and the presence of lymph node metastases versus pulmonary metastases. The 5-year survival rate was 59% and 8%, respectively.61

A retrospective study of 66 patients with sarcoma reported that pulmonary metastasectomy led to a median survival of 25.5 months. However, recurrent metastasis was associated with poor prognosis.62 Despite the fact, recurrence is frequent after initial metastasectomy; a study based on a large prospective review of 539 patients suggested a potential survival benefit of repeat pulmonary metastasectomy in appropriately selected patients.63

Currently, no data support the optimal management of patients presenting with metastatic disease; the choice of local control modality may depend on factors such as performance status, patient preference, lesion location/accessibility, ability to preserve normal tissue function, and anticipated morbidity of treatment modality.31

In the metastatic setting, doxorubicin as a single agent or in combination with ifosfamide is likely to be the first choice of chemotherapy.31 The sensitivity of STS to single-agent doxorubicin was demonstrated since the early 1970s,64 and it has remained one of the most important systemic agents to the present time. Its dose-dependent effect has been well studied.65

Single-agent ifosfamide has a similar response rate compared to doxorubicin, ranging between 7% and 41% in patients who previously failed a doxorubicin-based regimen.66–70 A dose–response relationship has been shown for ifosfamide in metastatic STS with a threshold between 6 g/m2 and 10 g/m2.68,71,72 One of the most active chemotherapy regimens, in terms of response rate, is AIM (doxorubicin/Ifosfamide/mesna),73 but because of its potential toxicities, the use of this combination for palliation should be restricted to selected patients, for whom the specific goal is tumor shrinkage.

Other drugs such as trabectedin, gemcitabine, docetaxel, and pazopanib also have shown activity in the advanced setting.31 These therapies represent the most commonly used regimens for patients with metastatic/locally advanced UPS. Patients with advanced UPS have the worst outcome compared with other histologic STS subtypes.74

Emerging data on the use of checkpoint inhibitors opens new potential treatment options for patients with advanced disease.75 Recently, Tawbi et al. published the results of the SARC028 Phase II study of single-agent pembrolizumab (anti-programmed death-1 antibody) in multiple sarcoma types, in which four out of 10 patients with UPS had an objective response rate (ORR) of 40%.20 A different trial evaluating the use of nivolumab, as a single agent and in combination with ipilimumab, also reported responses in patients with UPS.76 These promising results with checkpoint inhibitors suggest that other immunotherapeutic treatments may provide benefits to UPS patients; for example, MAGE-A3 has been described as a potential therapeutic target in patients with UPS.77 The dynamic evolution of the immunotherapy field forecasts the development of new clinical trials for UPS patients.

ATYPICAL FIBROXANTHOMA (UNDIFFERENTIATED PLEOMORPHIC SARCOMA OF THE SKIN)

This uncommon cutaneous neoplasm of mesenchymal origin was initially described in 1961.78 The relationship between atypical fibroxanthoma (AFX), pleomorphic dermal sarcoma (PDS), and UPS is not fully understood, and some authors consider AFX a less aggressive variant within the spectrum of UPS, and others consider it a distinct malignancy.23

269It occurs most frequently as a solitary nodule on sun-damaged skin of the elderly. Typically, it affects the superficial skin of the head and neck (particularly nose, cheek, and ear) and has been found to have low metastatic potential and excellent clinical outcomes.79–81

AFX most commonly arises in older adults (usually in the seventh or eighth decade of life) and has a predilection for men.81,82

Predisposing factors include solar exposure and radiotherapy.79,83,84 Ultraviolet-related mutations and photoproducts have been found in these lesions.85–87 Other risk factors reported include immunosuppressive agents88 and HIV.89 Children with xeroderma pigmentosum have developed ATX as well.90 Genetically, these tumors often harbors UV signature mutations, as well as COL11A1, ERBB4, CSMD3, and FAT1 alterations.91

Patients diagnosed with ATX should have a full skin examination, including palpation of lymph nodes. Radiologic imaging may be necessary for patients with signs or symptoms suggestive of distant disease.

The mainstay of the treatment is surgical resection of the lesion with negative margins.84,92 Radiation therapy is reserved for unresectable lesions. In individual cases, combination chemotherapy with doxorubicin (Adriamycin) and ifosfamide has been successful.93

FIBROSARCOMAS

Fibrosarcomas (FSs) have been traditionally defined as tumors with cells that resemble the aspect of normal fibroblasts. As the diagnostic criteria evolved over time, the reported incidence went from 12% of all adult STSs in 197494 to 1% in 2010.95 This STS group is composed by several different subtypes.

Adult-Type Fibrosarcoma

Adult-type FS is the most common in the third through fifth decades of life. Bahrami et al. found that patients with this sarcoma type ranged in age from 6 to 74 years, with a median age of 50 years.95

Like other sarcomas, adult-type FS causes no pathognomonic symptoms. Most patients present with a solitary, slow growing, painless mass in an extremity.11 These tumors may occur in any soft tissue site but are most common in the deep soft tissues of the lower extremities, particularly the thigh and knee, followed by the trunk and upper extremities, although some may arise in the head and neck.11

The diagnosis of FS is performed through an exclusion process after a tissue biopsy is obtained. FS does not exhibit any lineage-specific markers, such as cytokeratin or S-100 protein.11 The molecular genetic alterations of adult-type FS are yet to be fully characterized, but multiple rearrangements have been reported.96,97 In contrast to infantile FS,98 this tumor lacks a characteristic cytogenetical abnormality. As the diagnostic criteria of FS changed over time, the analysis of the results of old series became problematic as it included other sarcoma types. For that reason, more emphasis has been placed on the results of recent studies.

A study published in 2010 showed that 12 of 24 (50%) patients with follow-up died of locally aggressive and/or metastatic disease; only six patients were alive without disease and six died of other causes.95 Hansen et al. reported the rate of local recurrences in seven of 21 (33%) patients with follow-up, and three of 21 (14.3%) patients developed metastases and died of a tumor.99 The lung is the principal metastatic site, followed by the axial skeleton. As in other sarcoma types, most often metastases are diagnosed within the first 2 years after diagnosis.11

There are several additional factors associated with FS. Tumors arising from previously irradiated fields have been reported.95 It is not clear whether trauma is a contributing factor in the development of FS; however, multiple cases have been reported following trauma.100–103

As in other sarcomas, surgical resection is the most effective treatment when feasible.

Myxofibrosarcoma

The term myxofibrosarcoma (MFS) was proposed by Angervall et al. in 1997104 and its usage has developed through time. Currently, WHO definition includes tumors with different grades, a broad range of cellularity, nuclear atypia, and varying amounts of myxoid stroma unified by the multinodular growth pattern and characteristic curvilinear vasculature.7

More frequently, MFS presents as a slowly enlarging, painless mass in the lower extremities of patients in the fifth to seventh decades of life. It seems to be slightly more prevalent in men rather than 270in women.11,105 Like UPS, MFS does not have a specific line of differentiation; therefore, the diagnosis of MFS relies in a quantitative threshold of myxoid changes.105 MFS does not harbor pathognomonic genetic findings.106

MFS displays a longitudinal mode of spreading and can infiltrate microscopically far beyond what is grossly apparent, requiring careful surgical resection. MFSs are characterized by high local recurrence rates of 50% to 60%.107 Genetically, these tumors often have copy number alterations and mutations in TP53, RB1, CDKN2A, CDKN2B, and NF1, among others.106

As seen in other sarcomas, the metastatic potential is related to the histologic grade: intermediate-grade and high-grade neoplasms may develop metastases in approximately 20% to 35% of cases, whereas low-grade MFS rarely metastasizes.4,105 The overall 5-year survival rate is 70%.108

The presence of more than 5% of the myxoid component has been correlated with better outcome.109

Sclerosing Epithelioid Fibrosarcoma

Sclerosing epithelioid fibrosarcoma (FES) is a very rare variant of FS, composed of epithelioid cells arranged in nests and cords and deposited in a densely hyalinized collagenous matrix. It was first described by Meis-Kindblom et al. in 1995.110 Genetically, these tumors harbor multiple fusion genes, including FUS-CREB3L2, EWSR1-CREB3L, FUS-CREM, and PAX5-CREB3L1.111

The age of presentation is wide, with a median age of 45 years, with no clear gender predilection.110,112 The greatest extent of patients develop a deep-seated mass affecting the lower extremity. The lesion may be painful in up to one-third of cases.11 SEF can also develop in the trunk, upper extremities, head and neck, and rarely bone.110,113–116

For localized disease, wide surgical excision remains the cornerstone of therapy. Radiation therapy has been used in the adjuvant setting for non-R0 resections. In the metastatic setting, doxorubicin-based therapies remain the first-line treatment.

SUMMARY

UPSs encompass malignant neoplasms of mesenchymal origin, which demonstrate cellular pleomorphism and which lack evidence of cellular differentiation. The term UPS has been coined in replacement of the obsolete term MFH as research evidence revealed the latter constituted a diverse group of neoplasms with various differentiation (Table 20.1). FSs constitute a rare group of STSs that usually affect deep tissues.

For localized disease, the treatment of high-grade tumors includes a multimodality approach (perioperative chemotherapy, radiation therapy, and surgery), followed by close surveillance with scans and follow-up visits. For metastatic disease, these patients will require systemic therapies as well as radiation therapy and surgery in selected patients. The dynamic evolution of the immunotherapy and targeted therapy fields forecasts the development of new clinical trials for these patients.



TABLE 20.1 Genetic Findings of Undifferentiated Pleomorphic Sarcoma, Adult Fibrosarcoma, Atypical Fibroxanthoma, Myxofibrosarcoma, and Sclerosing Epithelioid Fibrosarcoma









	Sarcoma Subtype
	Main Genetic Alterations





	UPS
	Copy number alterations, TP53 deletion, RB1 inactivation
DKK1, CCNE1, VGLL3, YAP1 overexpression
TRIO gene fusion



	Fibrosarcoma
	ETV6 and NTRK3 gene rearrangement (infantile fibrosarcoma)



	AFX
	UV signature mutations, COL11A1, ERBB4, CSMD3, and FAT1 mutations



	MFS
	Copy number alterations, TP53, RB1, CDKN2A, CDKN2B, NF1 mutations



	SEF
	FUS-CREB3L2, EWSR1-CREB3L, FUS-CREM, PAX5-CREB3L1 mutations









AFX, atypical fibroxanthoma; MFS, myxofibrosarcoma; SEF, sclerosing epithelioid fibrosarcoma; UPS, undifferentiated pleomorphic sarcoma.





 





271CASE STUDY

The patient is a 52-year-old Caucasian man who initially presented to his primary care physician with a complaint of a knot-sized mass to his right buttock, associated with pain after prolonged sitting and tingling to the posterior right thigh. Unfortunately, he was lost to follow-up for several months owing to loss of insurance. A CT scan of the pelvis performed 3 months after initial presentation demonstrated an 11-cm mass centered in the right gluteal muscles. He ultimately underwent a biopsy 7 months after initial presentation because of symptomatic progression of the mass. Final pathologic features were consistent with high-grade pleomorphic spindle cell sarcoma with focal myoid differentiation. He was referred to our tertiary sarcoma center for comprehensive multidisciplinary evaluation and management. MRI demonstrated progressive enlargement of the buttock mass, now measuring 15.8 cm in maximum diameter (Figure 20.1A). PET-CT demonstrated intense fluorodeoxyglucose (FDG) uptake in the mass (SUVmax 23.6) (Figure 20.1B); there was no evidence of distant metastatic disease. Based on presentation, his 5- and 10-year risks of developing distant metastasis were estimated at 46% and 51%, respectively, per the SARCULATOR nomogram.

Molecular profiling of the tumor identified a TP53 mutation, but no actionable driver mutations. PD-L1 expression (Dako 22C3) on the tumor was positive, with a score of 41% to 50%.

After multidisciplinary evaluation, he elected to proceed with neoadjuvant chemotherapy with doxorubicin plus ifosfamide. Shortly after initiating systemic chemotherapy he reported reduction in pain and noted that the tumor was softer and he was able to sit with significantly less discomfort. He completed six cycles of neoadjuvant doxorubicin plus ifosfamide followed by 50 Gy of neoadjuvant radiation in 25 fractions. Subsequent MRI demonstrated that the mass was grossly stable in size, but that there was significantly less internal enhancement, consistent with treatment effect.

Five weeks after completing radiation, he underwent radical resection of his right buttock sarcoma with plastics closure with a local muscle advancement flap. Final pathologic finding was consistent with a high-grade UPS with myoid differentiation, grade 3, measuring 15.8 cm in maximum diameter; tumor necrosis/fibrosis was estimated at 75% to 80%, consistent with neoadjuvant treatment effect. Margins were negative for involvement with tumor.

Postoperatively, he was transitioned to active surveillance with CT scans of the chest and MRI of the primary site every 3 to 6 months per NCCN guidance. He remains without evidence of disease.



[image: ]

FIGURE 20.1  (A) T2-Axial MRI section showing heterogeneous enhancing mass in the right gluteal musculature consistent with primary tumor site (arrow). (B) PET/CT scan imaging portraying a large soft tissue lesion in the right gluteal musculature consistent with primary tumor site (arrow) and no evidence of metastasis.
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Malignant peripheral nerve sheath tumors (MPNSTs) are soft tissue sarcomas that arise from peripheral nerve sheaths. MPNSTs are aggressive tumors and associated with high frequency of local recurrence and metastatic disease. About half of all MPNSTs arise in patients with neurofibromatosis type 1 (NF1), but tumors also develop in individuals without inherited NF1 and arise with greater incidence in areas following irradiation. Preoperative or postoperative radiation therapy has a role in local control, especially for large tumors. However, high doses of radiation are required for the treatment of MPNSTs, which can be challenging, depending on the location of the primary tumor. The recent clinical and imaging characterization of atypical neurofibromas may allow for earlier diagnosis of lesions at risk of transforming to MPNST and for treatment and prevention strategies. These and other anticipated advances, including the identification of biomarkers of MPNST transformation, will hopefully result in effective prevention and treatment strategies for this devastating tumor. This chapter reviews clinical presentation, driving molecular aberrations, common anatomic location, and general therapeutic approach for MPNSTs.
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INTRODUCTION

Malignant peripheral nerve sheath tumors (MPNSTs) are soft tissue sarcomas (STSs) that arise from peripheral nerve sheaths. MPNSTs are aggressive tumors and associated with high frequency of local recurrence and metastatic disease. About half of all MPNSTs arise in patients with neurofibromatosis type 1 (NF1), but tumors also develop in individuals without inherited NF1 and arise with greater incidence in areas following irradiation. To date, complete surgical resection with wide negative margins remains the cornerstone of successful therapy and is required for cure. The objective response rate of MPNSTs to chemotherapy is low and the impact of chemotherapy in the adjuvant or neoadjuvant setting on survival has not been defined. Preoperative or postoperative radiation therapy (RT) has a role in local control, especially for large tumors. However, high doses of radiation are required for the treatment of MPNSTs, which can be challenging, depending on the location of the primary tumor. Several histology-specific Phase II trials with agents targeting pathways implied in the pathogenesis and progression of MPNSTs have been conducted, but have not resulted in clinical activity to date. New insights into the molecular pathogenesis of MPNSTs as well as the availability of disease-specific preclinical models give hope for the development of more effective combination therapies for unresectable or metastatic MPNSTs. In addition, recent insights into the clinical development of NF1-associated MPNSTs may allow for earlier diagnosis of MPNST/MPNST precursor lesions and for the development of MPNST prevention strategies. Most MPNSTs in NF1 develop in preexisting plexiform neurofibromas, which are histologically benign peripheral nerve sheath tumors. In addition to biallelic loss of NF1 in neurofibromas and plexiform neurofibromas, atypical neurofibromas are characterized by heterozygous loss of CDKN2A/B, which appears to be the first step toward malignant transformation. The recent clinical and imaging characterization of atypical neurofibromas may allow for earlier diagnosis of lesions at risk of transforming to MPNST, and for treatment and prevention strategies. As most atypical neurofibromas appear well defined and encapsulated on clinical evaluation and MRI, these lesions are more amenable to surgical removal compared to fully established high-grade MPNSTs. These and other anticipated advances, including the identification of biomarkers of MPNST transformation, will hopefully result in effective prevention and treatment strategies for this devastating tumor.

ESTIMATED INCIDENCE

MPNSTs account for 4% of all STSs.1 Approximately 50% of all MPNSTs arise in patients with NF1, and the lifetime risk of MPNST for patients with NF1 ranges from 8% to 15.8%,2,3 making MPNST the leading cause of death in patients with NF1.3 Approximately 40% of MPNSTs are sporadic and 10% occur in patients with a history of radiation exposure. The age of diagnosis in NF1-associated MPNST is younger (typically 20–50 years old) with 10% to 20% of cases reported in children (aged 1–19 years), compared to sporadic MPNST, which typically occur in late adulthood.4 Analyses from the Surveillance, Epidemiology, and End Results (SEER) Program indicate a slightly higher incidence of MPNST in males (55.11%) than in females (44.89%), and among all age groups there is an elevated incidence in African Americans compared to Caucasians and other ethnicities.5

CLINICAL PRESENTATION

MPNST typically presents as an enlarging mass, which is frequently associated with pain. Neurologic deficits or paresthesia can be associated with the involved nerves. Particular consideration should be 278paid to patients with NF1 and plexiform neurofibroma. These histologically benign tumors are frequently associated with pain. However, a change in pain quality and intensity should be considered as a sign of malignant transformation and trigger further evaluation. In addition, the development of pain or any mass that arises within a prior radiation field should result in consideration for MPNSTs. As complete surgical resection is the only curative therapy for MPNSTs and these tumors can develop rapidly in preexisting plexiform neurofibromas, clinical and imaging evaluation have to be performed in a timely fashion to maximize outcome.

A number of prognostic factors have been identified including large tumor size (>5 cm), truncal location, and incomplete surgical resection (reviewed by Farid et al.).6 In several studies, NF1 status has also been associated with worse outcome compared to sporadic MPNST, but not consistently, and a more recent meta-analysis described that this effect is not present in studies after 2000, possibly owing to better surveillance and earlier diagnosis of MPNST in NF1 patients.7

Diagnostic Approach

A pretreatment biopsy followed by experienced pathological evaluation is necessary for accurate diagnosis, grading, and management of MPNSTs. This can be done by core-needle or open incisional technique, and ideally the biopsy site should be coordinated with the surgeon who may undertake definitive surgery. Because of the potential for sampling error, especially in MPNSTs developing in a preexisting plexiform neurofibroma, several core-needle biopsies may have to be obtained to avoid false negative results. MRI and fluorodeoxyglucose (FDG)-PET have utility in identifying the site for the biopsy. A recent consensus meeting determined that for lesions that, based on clinical and imaging evaluations, are concerning for atypical neurofibromas but clearly not high-grade MPNST, a biopsy may not be necessary to establish the diagnosis prior to surgical resection of the lesion.8 This includes lesions with distinct nodular appearance, which do not show a recent change in clinical symptoms, rapid growth, or high FDG-PET avidity.8,9 Given that the surgical approaches for high-grade MPNST compared to low-grade MPNST and atypical neurofibromas are different, a biopsy is recommended prior to surgery in all cases in which there is uncertainty of the diagnosis.

Pathology of Malignant Peripheral Nerve Sheath Tumors

A sarcoma can be diagnosed as MPNST when it has nerve elements or when it develops in a patient with a clinical diagnosis of NF1. Most NF1-associated MPNSTs are high-grade, which is characterized by high cellularity, high mitotic rate—at least 10 mitotic features/10 high power fields (HPFs)—nuclear atypia, and necrosis. In contrast to neurofibromas, most high-grade MPNST have lost S100 and CD34 expression by immunohistochemistry. In addition, loss of trimethylated histone H3 at lysine residue 27 (H3K27me3) has been described as a marker of MPNST with a frequency between 30% to 90%.10 This marker may not be specific for MPNST because it has also been described in other tumors, in particular synovial sarcoma.11 With the clinical and genomic characterization of atypical neurofibromas as precursor lesions to MPNST, a recent pathology consensus review focused on characterizing and providing diagnostic criteria for neurofibromas, neurofibromas with atypia, and low-grade and high-grade MPNST.11 The consensus review proposed the term atypical neurofibromatous neoplasm of uncertain biologic potential (ANNUBP) for lesions concerning for a potentially higher risk for malignant transformation. The term ANNUBP is reserved for lesions meeting at least two of the following four criteria: cytologic atypia, loss of neurofibroma architecture, hypercellularity, and a mitotic index of ≥1/50 HPFs and <3/10 HPFs. The ANNUBP is different from low-grade MPNST, which are characterized by the absence of necrosis but have a mitotic index between 3 to 9/10 HPFs. The review also commented that the distinction between ANNUBP and low-grade MPNST can be difficult and gradual and that the clinical behavior of low-grade MPNST is similar to that of an ANNUBP in that these lesions are at low risk for local recurrence and essentially no risk for metastasis.

Radiographic Features and Recommended Imaging

In patients with sporadic MPNST, the recommended imaging and diagnostic approach is similar to that for other STSs. Imaging should include detailed imaging of the primary tumor with CT and MRI and metastatic workup including chest CT and FDG-PET scan as appropriate.

In patients with NF1, several subgroups have been identified as having a greater risk for MPNST and may benefit from more frequent imaging with the goals of identifying MPNST or MPNST precursors early. Patients with NF1 microdeletion,12,13 high plexiform neurofibroma burden and/or known atypical neurofibroma(s) are at greater risk for developing MPNST.8,9 The role of whole-body MRI in these patients is being studied in the research setting, including the National Cancer Institute’s NF1 279natural history study (NCT00924196). The advantage of whole-body MRI lies in the ability to comprehensively assess growth patterns without exposure to radiation and contrast agents.14 Whole-body MRI also allows monitoring the entire disease burden and several areas of potential concern for malignant transformation. However, while whole-body MRI is feasible, and short tau (T1) inversion recovery (STIR) sequence has been recommended as a core sequence, whole-body MRI is not widely available. In addition, the reproducibility of whole-body MRI and the benefit from prospective longitudinal whole-body MRI is not established yet.15 Imaging evaluation for NF1 MPNST should include MRI with and without contrast and diffusion-weighted imaging to delineate the disease. Imaging should include the surrounding plexiform neurofibroma in its entirety. CT chest/abdomen/pelvis should be performed to evaluate for metastatic disease sites including lungs, liver, and adrenals.

FDG-PET imaging has been evaluated extensively for its utility in identifying MPNSTs. Multiple studies have evaluated the qualitative and quantitative (maximal standard uptake value [SUVmax]) assessment of FDG-PET to distinguish neurofibroma from MPNST and have overwhelmingly shown that high-grade MPNST has higher FDG-avidity compared to neurofibromas and thus diagnostic utility.16 Plexiform neurofibromas are rarely FDG-avid, while most high-grade MPNST show increased FDG-uptake with SUV cutoffs of more than 3.517 and 4.018 being proposed to distinguish between plexiform neurofibroma and MPNST. Fewer studies have reported on the FDG uptake in atypical neurofibromas and low-grade MPNST.4,9,17,18 The SUVmax for these lesions can overlap with those seen in high-grade MPNST and plexiform neurofibromas, and more studies will be required to identify if SUVmax for high-grade MPNST and atypical neurofibromas/low-grade MPNST are sufficiently different to be of diagnostic utility. Detailed MRI evaluations have identified size, heterogeneous contrast enhancement, perilesional edema, and perilesional enhancement as predictors for MPNST versus benign nerve sheath tumors. In addition, evaluation of the apparent diffusion coefficient (ADC) has value in predicting for MPNST19 in that lesions with ADC values ≤1.0 × 10−3/s were at 150 times greater risk being an MPNST compared to lesions with ADC values >1.0 ×10−3/s.20 Prospective studies comparing FDG-PET and MRI with diffusion weighted imaging and ADC values may allow further definition for the role of these imaging modalities.

MOLECULAR ABERRATIONS DRIVING MPNST

Given the high incidence of MPNST within the NF1 population, there have been significant efforts to describe the genetic and molecular mechanisms underlying the malignant transformation of plexiform neurofibroma to MPNST. These efforts have intensified over the past two decades for two reasons. First, clinical observations on the malignant transformation of plexiform neurofibromas defined atypical neurofibromas as a precursor lesion to MPNST. Second, next-generation sequencing methods allowed the complete characterization of the somatic genome underlying these lesions. Genetically, the clinical observations have been matched with mutational profiling studies that have demonstrated sequential and gradual loss of tumor suppressor genes. This work has led to a genetic model, whereby the primary driver of tumorigenesis in plexiform neurofibromas is biallelic loss of NF1 function21 followed by chromosome rearrangement and the loss of CDKN2A (the gene that encodes INK4A/p16) in atypical neurofibromas.21,22 Finally, mutations in EED or SUZ12, components of polycomb repressive complex 2 (PRC2), lead to loss of H3K27me3 and subsequent dysregulation of transcriptional repression.23,24 Somatic alteration of other genes such as RAS25, TP5323,24, and BRAF26 have been reported at varying frequencies.27

While there are no recurrent chromosomal translocations observed in MPNST, cytogenetic and hybridization array studies have demonstrated significant aneuploidy characterizes MPNST tumors. These studies identify recurrent losses of chromosomes 1p, 9p, 11, 12p, 14q, 18, 22q and gains of chromosome 7, 8q, and 15q.28 These findings highlight the potential that MPNSTs may contain inherently unstable genomes, a hypothesis that may have important implications in the age of immunotherapy. An interesting analysis summarizing a relatively large cohort of TCGA data reported a median of 2.5 mutations per megabase in 134 analyzed cases, with less than 10% of MPNST harboring more than 20 mutations per megabase.29 This relatively low mutational burden may reflect the finding of low or absent expression of PDL1 and PD1 within these tumors30 and a disappointing response to checkpoint inhibitors in the handful of reported MPNST treated with these agents.31 Despite these findings, there may be some subsets of patients that will respond to these novel agents, and a Phase II trial of a PD1 inhibitor is currently underway in patients with metastatic or locally unresectable MPNST (NCT02691026).

The discovery of alteration of PRC2 members in MPNST has enlightened the understanding of the transcriptomic and epigenetic landscapes of these tumors. The PRC2 complex plays a critical cellular role in maintaining condensed chromatin, mainly by catalyzing the histone modification of H3K27me3 280in specific genomic locations that are transcriptionally silent. PRC2 is involved in various biologic processes, including differentiation, maintaining cell identity and proliferation, and stem-cell plasticity.32 There are three major protein subunits in the complex—SUZ12, EED, and the catalytic EZH2—however, only mutation of SUZ12 and EED have been observed in MPNSTs. Interestingly, those patients with a germline microdeletion of the NF1 locus have a particularly increased risk of MPNST due to concomitant loss of SUZ12, which sits adjacent to the NF1 gene on chromosome 17.24 The observation of IHC correlation between PRC2 mutation and loss of H3K27me3 staining is currently being incorporated into the standardization of histopathologic evaluation of MPNST.10,33 While the transcriptomic consequences of the loss of PRC2 are currently being defined, downstream affected genes include cell specific transcription factors, imprinted genes such as IGF2, and genes associated with development and morphogenesis. All of these disrupted genes may be future therapeutic targets in these tumors.23

The overall disappointing response of MPNST to conventional chemotherapy regimens led to a concentrated effort by the field to identify molecular targets that might represent therapeutic vulnerabilities in MPNST. Given the predominance of MPNST in the NF1 population as well as the presence of somatic mutations of NF1 in the sporadic tumors, targeting of the Ras/Raf/MAPK pathway has been extensively explored both in the preclinical models as well as in the clinic. Tantalizingly, single-agent use of the MEK inhibitor selumetinib was found to be active in plexiform neurofibromas,34 providing further rationale for MEK inhibition to play a central role in the development of combination strategies.35 The PI3K/MTOR/AKT signaling pathway is also hyperactive in NF1 deficient cells36 and multiple in vivo studies have demonstrated the potential utility of targeting this pathway in MPNST.37,38 These preclinical efforts led to the development of a clinical trial studying the combination of selumetinib with the mTOR inhibitor sirolimus for patients with unresectable or metastatic MPNST (SARC031), which recently began enrollment (ClinicalTrials.gov Identifier: NCT03433183). Another potential therapeutic target, further downstream of activated MAPK is Aurora Kinase A (AURKA), which was found to be upregulated in MPNSTs and demonstrated activity both in vitro and in vivo.39 Here, again, the need to develop combination strategies will be important as single-agent targeting of AURKA stabilized tumor volume and provided some improvement in PFS but still resulted in disease progression in the preclinical models. Canonical WNT and beta-catenin signaling are known to be a critical factors in both Schwann cell development and MPNST tumorigenesis40,41 and are another attractive molecular target for therapeutic development. The tumor microenvironment is an additional target for peripheral nerve sheath tumors. Both plexiform neurofibromas and MPNST contain macrophages, which may contribute to tumor progression. Preclinical studies in MPNST models with an agent targeting CSF1 and KIT (PLX3397) in combination with mTOR inhibition resulted in development of a clinical trial (ClinicalTrials.gov identifier: NCT02584647).42 Finally, given the transcriptional dysregulation in MPNST tumors due to activated MAPK signaling and the loss of PRC2, targeting of active enhancers with bromodomain inhibitors, acting on BRD4,43 have emerged as a unique vulnerability of MPNST. Anticipating the need for combination strategies has led to strategies co-targeting MEK or MTOR with BRD444 as well as the use of proteolysis-targeting chimeras (PROTACs) that simultaneously target bromodomain activity, and bromodomain and extraterminal domain (BET) protein abundance.45

Common Anatomic Location and General Therapeutic Approach for MPNST

MPNST can arise along any peripheral nerve. The most common locations of primary MPNST are trunk, extremities, and less frequently head and neck. NF1-associated MPNST are more frequently deep seated/truncal in comparison to sporadic MPNST, which is critical, as complete surgical resection in these locations is more difficult to accomplish.4,46 In addition, at diagnosis NF1-associated MPNST are more frequently locally advanced compared to sporadic MPNST.4,46 While at diagnosis, less than 10% of MPNST are metastatic,46 MPNST has a high propensity to metastasize with the most frequent locations of metastasis in decreasing order being pulmonary, bone, liver, abdominal cavity, adrenal gland, diaphragm, mediastinal, brain, ovary, kidney, and retroperitoneum.4,47,48

Complete surgical resection is the only curative therapy in patients with high-grade MPNST.49,50 The surgical goal is wide local resection, which can be difficult and associated with significant morbidity. Amputation, may be required in cases in which negative margins cannot be achieved otherwise, in particular in MPNST arising from major nerves.51

The role of RT has not been studied in prospective trials for MPNST to date. However, a prospective randomized trial of radiation for STSs demonstrated a delay in progression-free but not overall survival in patients receiving radiation.52 Several retrospective studies have described improvement in local control of MPNST with radiation,53 and there is consensus to administer radiation, if feasible, to 281high-grade MPNST, especially if the tumor is larger than 5 cm in diameter.8 Similar to the role of radiation for other STSs, preoperative radiation should be considered, as it has the advantage of a smaller radiation field compared to postoperative radiation.54 The role of proton beam therapy is being studied in STSs, but no studies in MPNST have been reported to our knowledge.55

The role of chemotherapy in MPNST has been prospectively evaluated in very few trials and the impact of chemotherapy on survival in patients with MPNST is not known.1,56 Several retrospective studies have described responses to standard chemotherapy agents, such as doxorubicin and ifosfamide used to treat other STSs.1,4,57 Notably, a retrospective analysis of 12 European Organization for Research and Treatment of Cancer Soft Tissue and Bone Sarcoma Trials analyzed the outcomes of 175 patients with MPNST out of 2,675 eligible STSs. The outcomes were similar for MPNST and other STSs with a response rate, median progression-free survival, and overall survival of 21% versus 22%, 17 versus 16 weeks, and 48 versus 51 weeks, respectively. Compared to single-agent doxorubicin, the combination of doxorubicin and ifosfamide achieved the best response.58 This study did not compare response for NF1 associated versus sporadic MPNST. However, worse chemotherapy response in NF1 associated MPNST compared to sporadic MPNST has been described in several prior studies and was also associated with worse survival in NF1 patients.49,59 A recent prospective study (SARC006, ClinicalTrials.gov Identifier: NCT00304083) evaluated the role of standard STS chemotherapy in high-grade unresectable MPNST. Patients were stratified by sporadic versus NF1-associated MPNST, with the primary endpoint of determining objective response (complete and partial response) using WHO criteria after two cycles of doxorubicin and ifosfamide followed by two cycles of ifosfamide and etoposide. Etoposide was included in this trial because it is active in pediatric STSs and because topoisomerase IIα, the drug’s target, has been reported as the most overexpressed gene in MPNST compared to benign neurofibromas.60 No complete responses were observed, and the partial response rate was lower in NF1-associated MPNST (17.2%) compared to sporadic MPNST (33%).1 However, this trial did not complete enrollment and was not powered to detect a difference in response rates between the two strata. Importantly, in contrast to trials with targeted agents (see later discussion) chemotherapy resulted in disease stabilization in most patients, with very few patients experiencing disease progression after four cycles of chemotherapy.

Given the poor outcome of unresectable and metastatic MPNST, histology specific trials with targeted agents have been developed. Objective responses were not observed in single agent trials with erlotinib (EGFR inhibitor), sorafenib, imatinib, dasatinib (inhibitors of several receptor tyrosine kinases), alisertib (aurora kinase inhibitor), or in combination trials of bevacizumab and everolimus (VEGF and mTOR inhibition), and ganetespib and sirolimus (HSP90 and mTOR inhibition).56,61,62 In addition to lack of objective responses, in most trials, the progression-free survival was short, with most patients experiencing disease progression after two treatment cycles. Several current treatment trials therefore define success as the clinical benefit rate, defined as objective imaging response or disease stability after 4 months (approximately four treatment cycles).

Preclinical models and genetically engineered mouse models (GEMMs) of NF1-related benign and MPNST, which recapitulate the human disease, have become available and are being used to conduct preclinical trials of targeted agents (reviewed by Kim et al.).56 The hope is that these models will facilitate the selection of active agents and combination of agents for clinical trials. Concerted preclinical efforts have been joined by clinical trials coordinated through sarcoma-specific cooperative groups such as the Sarcoma Alliance for Research through Collaboration (SARC) and the Department of Defense sponsored NF Clinical Trials Consortium. These resources and infrastructure will accelerate the timely conduct and completion of clinical trials with strong scientific rationale and hopefully lead to identification of active therapies for patients with MPNST.

Atypical Neurofibromas as Precursor Lesions to MPNST

Atypical neurofibromas, which are defined by pathologic characteristics, such as nuclear atypia, increased cellularity, and loss of neurofibroma architecture,11 have been identified as precursor lesions for MPNST. The genetic model proposed to describe the malignant transformation from plexiform neurofibroma to MPNST through atypical neurofibroma also supports this definition based on the loss of CDKN2A observed in most cases of atypical neurofibromas.22 The recent clinical and imaging characterization of atypical neurofibromas allows for recognition of this malignant precursor lesion and through early resection possibly for the prevention to the development of high-grade MPNST.8,9 Atypical neurofibromas have a distinct nodular appearance on STIR MRI and can develop within and outside plexiform neurofibromas. The growth rate of atypical neurofibromas frequently exceeds the growth rate of plexiform neurofibromas, and in contrast to plexiform neurofibromas, most atypical neurofibromas are 282PET-FDG avid. Clinically, many atypical neurofibromas are associated with pain and palpable atypical neurofibromas are firm.9 In contrast to high-grade MPNST, atypical neurofibromas do not require resection with wide negative margins, which is surgically less challenging and results in less morbidity to patients.9,63,64 Limited data available to date suggest that atypical neurofibromas and low-grade MPNST are at low risk for recurrence after marginal resection. Given the great challenges in the treatment of high-grade MPNST, a future focus of clinical care and research should be in the identification of MPNST precursor lesions and surgical resection, if feasible, with the goal of preventing malignant transformation. A recent State of the Science meeting for MPNST recommended conducting prospective clinical and imaging studies to further define diagnostic and therapeutic strategies for atypical neurofibromas.8
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Recommended Follow-Up After Definitive Therapy for Primary Sarcoma

There are no published guidelines for follow-up of MPNST patients after definitive therapy; however, as noted, local or metastatic relapses of MPNST are common and there are reports of early detection and subsequent gross total resection of relapse.65 Therefore, our practice is for close interval follow-up with detailed physical exam, and imaging performed every 3 months initially, similar to the evaluation of other STSs. Imaging should include MRI of primary site as well as imaging of the lungs by CT scan. As noted previously, FDG-PET scan is potentially useful, in particular for patients with high plexiform neurofibroma burden, as it may allow for easier identification of lesions concerning for recurrence or new disease sites. At the NCI, as part of the NF1 natural history study, noncontrast whole-body MRI using STIR sequence is also being evaluated and appears helpful in patients who have high neurofibroma burden and possibly more than one distinct nodular lesion. The development of a circulating tumor DNA assay such as that developed for other STSs,66 which could be used for noninvasive diagnostics, monitoring response to systemic therapy, and surveying for disease recurrence, would be a useful addition to clinical practice.

SUMMARY

Caveats, Pearls, Pitfalls, Solutions: The NCI Pediatric Oncology Branch Experience

MPNST diagnosis: New or increasing pain in a patient with NF1 should prompt expedited workup for MPNST. Experienced clinical evaluation, pathology review and genomic workup are valuable to aid in both diagnosis and selection of therapeutic options. Longitudinal (whole-body) MRI may aid in the diagnosis of lesions concerning for MPNST in patients with substantial plexiform neurofibroma burden.

Atypical neurofibroma management: Atypical neurofibromas are precursor lesions for MPNST and surgical resection is a strategy to prevent high-grade MPNST. Atypical neurofibromas and low-grade 283MPNST do not require surgery with wide negative margins and should be considered if feasible without significant morbidity. While atypical neurofibromas have a distinct clinical and imaging appearance there is some overlap with low-grade and high-grade MPNST. Therefore, biopsy should be considered to determine the optimal surgical approach.

High-grade MPNST management: For high-grade MPNST, complete surgical resection with wide negative margins is the only curative therapeutic modality. Radiation has value in local control of high-grade MPNST. Preoperative radiation can be administered with a smaller radiation field compared to postoperative radiation. There is no consensus on the use of neoadjuvant and adjuvant chemotherapy for high-grade MPNST, and its role on progression-free and overall survival should be studied prospectively in the national consortium clinical trial setting. Trials in preclinical models of MPNST will aid in the selection and prioritization of agents for clinical trials. The development of histology-specific clinical trials with agents targeting genomic alterations, the tumor microenvironment, and possibly immunologic targets has the potential to alter the course for patients with unresectable, metastatic, or relapsed MPNST.

 





CASE STUDY

Case 1

A 17-year-old young woman with NF1 presents to the National Health Institute (NIH) for enrollment in the NF1 natural history study. She complained of a painful, firm right neck nodular lesion. Her diagnostic imaging with axial STIR MRI is described in Figure 21.1A–D. In comparison to a normal neck MRI at age 13 years and 4 months (Figure 21.1A), MRI at age 17 years and 7 months old showed a distinct nodular lesion (Figure 21.1B). Follow-up imaging at age 18 years and 8 months showed progressive growth of the lesion (Figure 21.1C), which was avid on FDG-PET with SUVmax 8.0 (Figure 21.1D). The clinical diagnosis of a likely atypical neurofibroma was made. No biopsy was performed and the lesion was surgically resected by removing the encapsulated lesion without clinical morbidity. Pathology confirmed an ANNUBP (Figure 21.1E). Characteristics for the ANNUBP: Intraneural/plexiform neurofibroma, with hypercellularity and nuclear atypia in Schwann cells, one mitotic feature found per 50 HPFs. Not shown: Retention of S100-positive Schwann cells and CD34-positive fibroblasts with slight reduction of the latter focally. Loss of CDKN2A in the Schwann cell population and retention in fibroblasts. p53 is not typically increased. MIB1-labeling is about 5% to 7% at the most. The lesion has not recurred on follow-up imaging for more than 2 years after resection. We hypothesize that surgical resection of this lesion may have prevented the transformation to high-grade MPNST.
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FIGURE 21.1  Development and progressive growth of atypical neurofibromatous neoplasm of uncertain biologic potential (ANNUBP) in teenager with neurofibromatosis type 1.





284Case 2

A 7-year-old girl with NF1 and germline NF1 whole-gene deletion is enrolled in a clinical trial with a MEK inhibitor for a left paraspinal plexiform neurofibroma. (Figure 21.2A, orange arrow: plexiform neurofibroma, white arrow: small nodular lesion). She experienced a partial response in the plexiform neurofibroma based on volumetric MRI analysis. MRI at age 9 years and 7 months shows minimal change (Figure 21.2B). At age 10 years and 3 months, while still on the MEK inhibitor, she presented with new left flank pain. STIR MRI at that time demonstrates an enlarging nodular lesion (Figure 21.2C, white arrow) compared to prior imaging. The plexiform neurofibroma component is unchanged (Figure 21.2C, orange arrow). The rapid lesion growth combined with new pain, FDG-avidity with SUVmax of 5.4 (Figure 21.2D, white arrow), young age, and history of NF1 whole-gene deletion raised concern for potential MPNST versus atypical neurofibroma. A biopsy confirmed high-grade MPNST (Figure 21.2E). Characteristics: High-grade MPNST arising in a diffuse plexiform neurofibroma: 27 mitoses/10 HPF, tumor necrosis 10%. Not shown: Notable loss of CD34, S100 protein, SOX10, and trimethylation of histone 3 at codon 27 (H3K27me3) in the high-grade tumor component, while present in the neurofibroma components.
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FIGURE 21.2  Development of high-grade MPNST in a child with NF1 and preexisting plexiform neurofibroma.





The MPNST was subsequently resected. This case demonstrates the difficulty in using imaging characteristics alone to determine the pathologic diagnosis. A combination of clinical and imaging findings raised concern for MPNST, which was confirmed. If in doubt, we recommend image-guided biopsy prior to surgery and close consultation with an experienced sarcoma surgeon.
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Extraskeletal myxoid chondrosarcoma (EMC) is one of the rarest sarcoma subtypes, mostly arising from soft tissue and rarely from bone. Despite its rarity, the radiographic features, morphology, immunohistochemistry, and molecular biology of the disease are well known and make a reliable diagnosis possible. The natural history, prognostic factors, role of adjuvant/neoadjuvant chemotherapy and radiotherapy in localized cases, and optimal sequence of medical treatments in the advanced phase and patterns of response are not yet well defined, so further research efforts are needed in this disease. Several promising new drugs and new therapeutic strategies are currently under study within ongoing clinical trials that address specific subtypes leading to more personalization of sarcoma treatment. This chapter focuses on diagnostic approach, pathology, and general therapeutic approach for EMC, and includes a discussion of therapeutic approach for metastatic disease.
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INTRODUCTION AND EPIDEMIOLOGY

Extraskeletal myxoid chondrosarcoma (EMC) is an exceedingly rare soft tissue sarcoma (STS) accounting for <3% of all STSs. It usually arises in adults with a peak incidence in the fifth decade and has a a male predominance (M/F ratio 2:1), with few cases described in childhood and adolescence.1

EMC is a morphologically distinctive neoplasm, described for the first time in 1953 by Stout and Verner2 under the name of chondrosarcoma of the extraskeletal soft tissue and formally defined as a distinctive entity under the name of EMC by Enzinger and Shiraki in 1972.3 EMC is classified by World Health Organization (WHO) as a tumor of uncertain differentiation.1,4 In fact, despite the name, there is no convincing evidence of cartilaginous differentiation, with no clinicopathologic or genetic features in common with any chondrosarcoma subtype. Some molecular studies had shown neuroendocrine properties, raising the possibilities of multiphenotypic differentiation.5,6

EMC arises in deep soft tissues of the proximal extremities and limb girdle in approximately 80% of cases, thigh being the most common site and accounting for 30% to 40% of all cases. Less commonly involved anatomic locations include the head and neck region, the paraspinal soft tissue, the trunk (mostly chest wall and abdominal wall), and the pelvis.4 Pediatric cases of EMC seem to have the propensity to occur in uncommon locations such as scalp, parotid gland, urethra, and sacrococcygeal region. Exceptionally, EMC can arise primarily in bone.7–9

Clinically, EMC usually presents as an enlarging, deep-seated soft tissue mass, often accompanied by pain and tenderness; in some cases, EMC can mimic a hematoma, and when arising around joints, it can produce functional impairment.

DIAGNOSTIC APPROACH

The recommended imaging of the primary tumor is MRI. Because lymph node involvement is more frequent than observed in the other STSs, regional lymph node status assessment through CT/MRI is advisable.

Radiographically, because of the presence of a rich myxoid matrix, EMC usually appears as a low attenuation lesion on CT scan and displays hyperintense signal with hypointense internal septa on T2-weighted MRI, which is reflective of a high water content. They also have pronounced lobular architecture often invading extracompartmental, bony, and vascular structures. As the tumor may undergo hemorrhagic and necrotic degeneration, signal characteristics on T1-weighted MRI can vary, ranging from low-, intermediate- and high-intensity features compared to muscle.10–12 Peripheral/septal enhancement was observed in nearly one-third of the cases after the administration of contrast medium. In addition, serpentine high-flow vessels may be seen: they correspond to the hemangiopericytoma-like areas, which can be identified histologically (see Figure 22.1).

Similar to other STSs, a chest and abdomen CT scan is mandatory for staging purposes; metastases are usually pulmonary, but extrapulmonary metastases can less commonly occur. Fluorodeoxyglucose (FDG)-PET/CT imaging may be useful in selected cases to investigate tumor aggressiveness.11 As for all sarcomas, pathologic diagnosis is mandatory. Usually a core-needle biopsy taken within a sarcoma reference center is considered the best approach.
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FIGURE 22.1  (A–B) Primary retroperitoneal extraskeletal myxoid chondrosarcoma (EMC) on axial pre- and postcontrast administration on CT scan. (C) Primary left forearm EMC on T1-weighted MRI shows a focus of high signal intensity within the tumor resulting from hemorrhage. (D) Primary left forearm extraskeletal myxoid chondrosarcoma on T2-weighted MRI shows hyperintense signaling with hypointense internal septa. (E) Primary left forearm extraskeletal myxoid chondrosarcoma on T1-weighted MRI after contrast administration with typical peripheral/septal enhancement.





PATHOLOGY AND MOLECULAR BIOLOGY

Microscopically, EMC typically features multinodular architecture defined by fibrous septa that divide the tumor into hypocellular lobules with abundant pale blue myxoid or chondromyxoid matrix.1 The stroma is strikingly hypovascular. The cells characteristically grow in cords, strands, and even more complex trabecular or cribriform arrays (Figure 22.2). Cytoplasm is eosinophilic to vacuolated and harbors uniform round to oval nuclei. Mitotic activity is usually low. Some tumors have prominent rhabdoid cytoplasmic inclusions. Rare cases are hypercellular with decreased myxoid matrix and have higher grade, often epithelioid cytomorphology.13,14 Well-formed hyaline cartilage is virtually never seen.



[image: ]

FIGURE 22.2  Extraskeletal myxoid chondrosarcoma neoplastic cells typically grow in cords set in abundant chondromyxoid matrix (hematoxylin & eosin stain).





From the molecular standpoint, EMC is characterized by the rearrangement of the NR4A3 gene, also known as NOR1. NR4A3 gene rearrangement represents an important tool to enable differential 291diagnosis with other mimics, in particular myoepithelial neoplasms. NR4A3 has been implicated in regulating key cellular functions, including proliferation, cell survival, and inflammation.15–17 In most cases, the NR4A3 gene is rearranged with the EWSR1 gene (approximately 70% of cases) as a result of a t(9;22)(q22;q12) translocation. Less frequently, NR4A3 has been found rearranged with other genes and in particular TAF15 (17q12), more rarely TCF12 (15q21), TGF (3q12.2), or FUS (16p11.2). The spectrum of NR4A3 rearrangements is, however, evolving in EMC, and recently HSPA8 was also identified as a novel fusion partner of NR4A3.18–21 While the EWSR1-NR4A3 and TAF15-NR4A3 fusion proteins are strong transcriptional activators, the HSPA8-NR4A3 could act as a transcriptional repressor,22 assuming different pathogenetic mechanisms of the disease based on the presence of different translocations.

A clear correlation between NR4A3 gene fusion variants with morphology and clinical outcome has not been identified to date, though retrospective studies showed that TAF15-NR4A3 subtype had more aggressive features. In particular, TAF15-NR4A3 positive EMC showed a higher incidence of rhabdoid phenotype, high-grade morphology (solid pattern of growth, marked nuclear atypia, high mitotic activity), and a more aggressive clinical outcome compared to the EWSR1–NR4A3 cases.23 Recently to highlight this issue and to provide grounds for better risk stratification criteria, a set of EMC samples and cell models expressing either EWSR1 or the TAF15 fusion transcript were molecularly profiled by RNA-seq showing that the two EMC molecular variants display a distinct transcriptional profile with axon guidance and neurogenesis pathways as major discriminants. In particular, class 4 to 6 semaphorins with a pro-tumorigenic activity were more often expressed in TAF15-NR4A3 tumors, while class 3 semaphorins that convey growth inhibitory signals were more abundant in EWSR1-NR4A3 tumors. These results suggest that the type of NR4A3 fusion could dictate an axon guidance switch and impact on tumor cell biology.24

Finally, deletions or mutations involving the SMARCB1 gene have been identified in a small subset of EMC, particularly in cases with rhabdoid morphology.25,26

GENERAL THERAPEUTIC APPROACH

Currently the only curative option for EMC, when feasible, is wide local resection with negative margins (remove the tumor with a rim of normal tissue around it), that is the standard surgical procedure as for the all patients with an adult type, localized STS.27,28 A surgeon specifically trained in the treatment of this rare disease must carry it out.

The use of radiation therapy (RT) for localized disease in the adjuvant or neoadjuvant setting is still debated, because the impact of RT has largely gone understudied in this histotype, and historically, it has been considered a chemotherapy- and RT-resistant tumor.

A retrospective study of 87 patients with EMC treated at two referral institutions between 1975 and 2008 showed a high rate of local recurrence in patients who underwent surgical resection without RT (35% at a median follow-up of 2.2 years).29 Recently, a propensity score weighted, population-based analysis of the Surveillance, Epidemiology and End Results (SEER) database was performed to examine the effect of external beam RT (EBRT) on cancer-specific survival for 156 patients with localized EMC as first malignancy.30 There were 147 patients (94%) who received surgery and 50 patients (32%) who received EBRT. Forty-five patients (29%) received both surgical resection and EBRT. At a median follow-up of 33 months, the authors observed a cancer-specific survival rate of 97% versus 85% and 94% versus 85% in favor of EBRT at 3 and 5 years, respectively. In this analysis tumor size, locoregional lymph node involvement, and type of surgery significantly correlated with cancer-specific survival.

Based on these results, we could extrapolate that therapeutic strategies that include aggressive local treatment with surgical resection and EBRT should be considered in localized disease, in particular for surgically removed large lesions and/or cases with locoregional nodal involvement. Neoadjuvant RT is preferable when tumor shrinkage is needed for a surgical downstaging when function preservation is the goal.

By contrast, there are no data to support the use of adjuvant/neoadjuvant chemotherapy in the disease unless high-grade features are seen.27,29,31–33 In this case, chemotherapy is still not standard, but may be offered as an option for shared decision-making with the patient.34

In our experience, some patients with locally advanced and marginally resectable disease treated with chemotherapy and RT, also in combination in the preoperative setting, experienced significant responses, despite this tumor being commonly believed to be resistant to chemotherapy and RT; this kind of response allowed us in some cases to perform less extensive surgery than originally planned, especially for critical anatomic sites.
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PROGNOSTIC FACTORS AND PROPENSITY TO METASTASIZE

EMC have usually an indolent natural history, but a more aggressive course is observed in high-grade and/or dedifferentiated cases. The rate of both local recurrence (range from 35% to 50%) and distant metastasis (range from 25% to 50%) is high in EMC, although metastases often occur late after the diagnosis of primary tumor (Table 22.1)2,3,13,14,27,29,35

Ten-year survival ranges between 85% and 65% and 5-year survival is approximately 90%.29,33 As already discussed, the most common sites of metastasis are the lung, lymph nodes, bone, and other soft tissue sites. Based on the few data available, older age, proximal extremity location, larger tumor size (>10 cm), and high-grade confer a worse prognosis.4,32

There are few published data to indicate the optimal routine follow-up policy for surgically treated STS patients with localized disease36 and in particular for EMC patients. Given the risk of local recurrence and distant metastasis, regular follow-up after excision of primary disease, especially for the high-grade variant of EMC, is advisable.

The recommended follow-up should include a CT scan of thorax and abdomen and an MRI of the primary tumor site. Because metastatic disease can occur late in EMC, with more than 70% of local recurrences and first metastases of EMC happening beyond 5 years, longer follow-up is suggested.

THERAPEUTIC APPROACH FOR METASTATIC DISEASE

As for all STS, surgical resection can be a reasonable option with curative intent, taking into accont the expected morbidity in cases of limited, resectable, slow growing lung metastases.37

By contrast, patients with advanced disease not amenable to surgical resection cannot be cured and may need medical treatment, expecially with evidence of disease progression. Data available in the literature on the activity of anticancer agents in EMC are few and mostly retrospective.

While retrospective series published some years ago reported very limited activity of chemotherapeutic agents generally used for STS (for example, anthracycline-based, dacarbazine-based or ifosfamide-based regimens) (Table 22.2),29,31–33 more recently, a retrospective study on a small series of molecularly confirmed EMC patients treated with anthracycline-based chemotherapy,38 showed better results. In this study, four partial responses by the Response Evaluation Criteria in Solid Tumors (RECIST) of 10 evaluable patients, with a median progression-free survival (PFS) of 8 months were described. Although to be confirmed prospectively and/or on larger series, a possible explanation for the different results observed in this study compared to the previous ones is the selection of cases with a diagnosis confirmed by the presence of the NR3A4 fusion.

Other medical options include antiangiogenic agents. The first evidence on the activity of an antiangiogenic agent in EMC was reported in 2012, and consisted of a RECIST partial response39 observed to sunitinib in two patients with an NR4A3-EWS positive, progressive metastatic EMC. Afterward, sunitinib activity in the same patient population was confirmed in a retrospective series of 10 patients,40 with six of 10 partial responses and with median PFS not reached at a median follow-up of 8.5 months. Curiously, all responsive cases were EWSR1-NR4A3 positive while the 2/10 cases carrying the TAF15-NR4A3 fusion progressed.
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Following these results, a prospective, investigator initiated, multicentric, European Phase II trial investigated the antitumor effect of pazopanib, which is the only antiangiogenic agent formally approved for second-line treatment of STS, in advanced progressive and translocated EMCs (Figure 22.3). This study confirmed that pazopanib is also active in this tumor type. The overall response rate (ORR) by RECIST was inferior to that observed with sunitinib, that is, 18% (4/22 evaluable patients) but 55% (12/22) of patients had evidence of tumor shrinkage. Even with pazopanib, disease control was prolonged, with a median PFS of 19 months, at a median follow-up of 27 months. In this series, all responsive patients also carried the EWSR1-NR4A3 fusion gene.41 Although the molecular basis for the responses is still unknown, these results surely support the use of antiangiogenics in this disease.42

Recent clinical data show effectiveness of trabectedin against translocation-related sarcoma (TRS),43,44 since one of the complex mechanisms of action of this drug is the interference with the transcription of the oncogenic fusion proteins of TRS.45,46 The only data available on trabectedin in EMC come from the subanalysis of EMC and mesenchymal chondrosarcoma (MCS) patients included in a Japanese randomized Phase II trial comparing trabectedin versus best-supportive care. In this study, one EMC patient was randomized to trabectedin with stable disease, which lasted over 1 year.47 Additional data on a larger number of patients are needed to better understand the role of trabectedin in the disease.

Among new medical agents, the EZH2 inhibitor tazemetostat was investigated in EMC in an international multicentric Phase II study with negative results. Finally, no data are available on immunotherapy yet, although recent data on the immune profile of the disease41 suggests that it would be rational to investigate immunotherapy.

SUMMARY

In summary, EMC is one of the rarest sarcoma subtypes, mostly arising from soft tissue and rarely also from bone. Despite its rarity, the radiographic features, morphology, immunohistochemistry, and 294molecular biology of the disease are today quite well known and make a reliable diagnosis possible. Of course, expert pathologic validation of the diagnosis is required in all cases, as suggested in clinical practice guidelines for treatment of STS.48 The natural history, prognostic factors, the role of adjuvant/neoadjuvant chemotherapy and radiotherapy in localized cases, the optimal sequence of medical treatments in advanced disease phase, and patterns of response are not yet well defined, so further research efforts are needed in this disease.
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FIGURE 22.3  Complete and prolonged radiologic response with sunitinib in abdominal multiple lesions from primary retroperitoneal extraskeletal myxoid chondrosarcoma. (A) Basal CT scan showing one progressive subdiaphragmatic abdominal lesion. (B) Partial radiologic response after 6 months with sunitinib. (C) Complete radiologic response after 2 years, maintained (D) at 4 years from treatment start.





Because patients with advanced disease are not curable and medical options are limited, there is an urgent need to identify alternative therapeutic strategies when surgery or RT is no longer feasible.

Several promising new drugs and new therapeutic strategies are currently under study within ongoing clinical trials that address specific subtypes leading to more personalization of sarcoma treatment. International collaboration should be promoted in this regard, above all for these rare histotypes, as that networking is important to improve quality of care for rare cancers.

 





CASE STUDY

A 64-year-old woman presented to our sarcoma service in September 2013 for a slow growing painless and palpable mass of the left thigh of about 14 cm imaged by ultrasound. We ordered a total-body CT scan that excluded metastatic disease and an MRI of the left thigh that confirmed the presence of a neoplastic mesenchymal lesion in the thigh with hyperintense signaling and hypointense internal septa on T2-weighted imaging and with hypointense signaling on T1-weighted sequences compared to muscle with a global lobular architecture (Figure 22.4). After administration of contrast material, we observed peripheral inhomogeneous enhancement.
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FIGURE 22.4  MRI of the primary lesion of the left thigh. (A) T1-weighted MRI; (B) T2-weighted MRI shows typical hyperintense signaling with hypointense internal septa; (C) T1-weighted MRI after contrast administration with inhomogeneous enhancement.





We performed an ultrasound-guided core-needle biopsy of the lesion and the histopathology report confirmed the diagnosis of a high-grade EMC.

We discussed the case in our multidisciplinary sarcoma board: surgery was technically feasible with a wide excision of the adductor muscles en-bloc with ileopubic and ischiopubic bone resection.

Despite the histopathologic diagnosis, given the high-grade and the local extension of the disease, resectable with a major surgery, we decided to share with the patient the possibility of a preoperative treatment with concomitant chemo-radiation therapy to try to obtain local down-staging of the disease to be followed by potentially less extensive surgery.

In December 2013, the patient started chemotherapy with epirubicin and ifosfamide. After the first cycle of chemotherapy, the patient experienced an objective reduction of the mass in the left thigh. In January 2014, the patient started RT concomitant with chemotherapy. The patient received in total three cycles of full-dose epirubicin and ifosfamide chemotherapy together with RT to the left thigh for a total fractionated dose of 50 Gy, without any treatment-related serious adverse events. The MRI performed in March 2014 showed an almost complete regression of the left thigh neoplastic lesion with a residual nodule of approximately 1 cm with hyperintense signaling on the middle and peripheral enhancement after administration of contrast material (see Figure 22.5).
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FIGURE 22.5  MRI of the primary lesion of the left thigh before and after three cycles of chemotherapy concomitant to radiotherapy showing an impressive dimensional response. (A–A1) T1-weighted MRI before and after treatment. (B–B1) T2-weighted MRI before and after treatment. (C–C1) T1-weighted MRI after before and after contrast administration.





296We discussed again the case in our multidisciplinary sarcoma board and we decided to perform surgery with wide excision of the lesion en-bloc with the adductor muscles and only curettage of the cortical bone, without resection.

The final histopathological diagnosis was R0 excision of EMC with residual viable tumor in only 1% of the surgical specimen and 99% of fibrosis and necrosis without cortical bone involvement.

The patient started clinicoradiologic follow-up, and today, 6 years after diagnosis, is disease-free.

In conclusion, chemotherapy and RT, even concurrent, are feasible and can be active in EMC for marginally resectable cases arising from critical anatomic sites, and could be an option to consider in conjunction with surgery to achieve better local control and improve the treatment outcome for our patients.
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Endometrial stromal sarcoma (ESS) represents a very rare subset of uterine mesenchymal neoplasms and endometrial stromal tumors. Endometrial stromal tumors are grouped according to the World Health Organization 2014 classification system into four distinct categories: endometrial stromal nodules, low-grade endometrial stromal sarcoma (LG-ESS), high-grade endometrial stromal sarcoma (HG-ESS), and undifferentiated uterine sarcoma (UUS). This chapter focuses on LG-ESS and HG-ESS subtypes, which are defined by divergent morphologic appearance, molecular aberrations with distinctive gene translocations, therapeutic management, and prognosis. LG-ESSs are malignant tumors composed of nonneoplastic endometrial stromal cells with myometrial and vascular “tongue-like” infiltration patterns. LG-ESSs tend to have a more indolent course and are treated with hormonal therapies. HG-ESSs have high-grade nuclear atypia and mitotic activity with a more destructive infiltrative pattern of myometrial and lymphovascular invasion. HG-ESSs are associated with a more aggressive clinical behavior and worse survival outcomes. This chapter discusses distinctive clinicopathologic features, underlying molecular biology, management, and survival outcomes for LG-ESSs and HG-ESSs.
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INTRODUCTION

Endometrial stromal sarcoma (ESS) represents a very rare subset of uterine mesenchymal neoplasms and endometrial stromal tumors. Overall, ESSs represent 0.2% to 1% of all uterine malignant neoplasms and account for approximately 10% to 20% of uterine sarcomas.1–3 Endometrial stromal tumors are grouped according to World Health Organization (WHO) 2014 classification system into four distinct categories: (a) endometrial stromal nodules, (b) low-grade endometrial stromal sarcoma (LG-ESS), (c) high-grade endometrial stromal sarcoma (HG-ESS), and (d) undifferentiated uterine sarcoma (UUS).1 The focus of this chapter is on the ESS comprising LG-ESS and HG-ESS.

LG-ESS and HG-ESS subtypes are defined by divergent morphologic appearance, molecular aberrations with distinctive gene translocations, therapeutic management, and prognosis. LG-ESS are malignant tumors composed of nonneoplastic endometrial stromal cells with myometrial and vascular “tongue-like” infiltration patterns. The sarcomas typically have uniform cells, characteristic of endometrial stromal differentiation with minimal cellular pleomorphism and mild nuclear atypia. Common molecular alterations include the rearrangements of the JAZF1 and PHF1 genes. LG-ESSs tend to have a more indolent course and are treated with hormonal therapies. In comparison, HG-ESSs have high-grade nuclear atypia and mitotic activity with a more destructive infiltrative pattern of myometrial and lymphovascular invasion. HG-ESSs are more likely to demonstrate tumor cell necrosis. They are characterized by YWHAE/FAM22 translocations and BCL6 corepressor (BCOR) alterations. HG-ESSs are associated with a more aggressive clinical behavior and worse survival outcomes.1

This chapter will focus on LG-ESS and HG-ESS and review distinctive clinicopathologic features, underlying molecular biology, management, and survival outcomes.

TERMINOLOGY OF ENDOMETRIAL STROMAL NEOPLASMS

Historically, the nomenclature for endometrial stromal tumors has been confusing because of the use of numerous diagnostic terms including stromal adenomyosis, stromatosis, endolymphatic stromal myosis, and stromal sarcoma. In 1966, Norris and Taylor, described a new classification system for endometrial stromal tumors based on clinicopathologic features of 53 tumors. The authors classified tumors using two groups based on the type of margin. The tumors with pushing margins were denoted as stromal nodules and were considered benign. The other main type of tumor was characterized by infiltrating margins and was referred to as either endolymphatic stromal myosis (low-grade) or stromal sarcoma (high-grade) based on mitotic activity. Endolymphatic stromal myosis had less than 10 mitotic figures in 10 high-power fields (HPFs) and had a clinically indolent course with an excellent prognosis of 100% 5-year survival. In contrast, stromal sarcomas were characterized by greater than 10 mitotic figures in 10 HPFs and had a more aggressive phenotype with worse survival.4

The arbitrary division of ESS into low-grade and high-grade based on mitotic count was later abandoned, as mitotic activity was deemed irrelevant with regard to prognosis.5 In 2003, WHO proposed a two-type classification system: (a) ESS that included low-grade tumors characterized by proliferative endometrial stroma and (b) undifferentiated endometrial sarcoma, which consisted of pleomorphic tumors that did not resemble endometrial stromal cells.5 However, the undifferentiated endometrial sarcomas included a heterogeneous subset of tumors with a different clinical phenotype, a novel gene rearrangement, and survival outcomes intermediate between the low-grade ESS and undifferentiated 300sarcomas.5 The recognition of this distinct cohort of tumors led to the second WHO iteration of endometrial stromal neoplasm classification and inclusion of HG-ESS into the terminology.

The 2014 WHO classification for endometrial stromal neoplasms incorporated molecular findings into the classification system and includes four specific categories: (a) endometrial stromal nodule (which is a benign tumor), (b) LG-ESS, (c) HG-ESS, and (d) UUS.1 The evolving terminology and classification for endometrial stromal neoplasms can lead to difficulty reviewing and interpreting the literature. For instance, older literature of uterine tumor resembling ovarian sex cord tumor may include cases now classified as LG-ESS; tumors previously categorized as undifferentiated endometrial or high-grade undifferentiated uterine sarcomas are now classified as HG-ESS; and the term undifferentiated endometrial sarcoma is no longer used.6

The focus of this chapter will review the two invasive endometrial stromal neoplasms, referred to as LG-ESS and HG-ESS. The pathologic, molecular characteristics, therapeutic recommendations, and surveillance are based on the 2014 WHO classification system. Aligning classification appropriately to the current terminology is challenging and reference may be made to literature using older terminology.

ESTIMATED INCIDENCE PER YEAR AND EPIDEMIOLOGY

Overall, ESSs represent 0.2% to 1% of all uterine malignant neoplasms and account for approximately 10% to 20% of uterine sarcomas.1–3 Patients typically present with abnormal vaginal bleeding, postmenopausal bleeding, enlarged uterus or uterine mass, dysmenorrhea, pelvic pressure, or pain.2,6 These tumors may also be asymptomatic in as many of 25%, or may be mistakenly diagnosed as leiomyoma.3 Endometrial sarcomas are often not suspected and commonly are diagnosed following hysterectomy or myomectomy.

LG-ESS is more common than HG-ESS. LG-ESS typically develops in women between 40 and 55 years of age, >50% occur in premenopausal women, and they have been reported in young women or adolescents.1,3 LG-ESS has been associated with prolonged estrogen exposure, tamoxifen use, and pelvic radiation.1 LG-ESSs typically are indolent tumors characterized by excellent prognosis. Overall, the survival rates are 65% to 76% at 10 years.6,7 However, the 5-year survival estimates for women with stage I and II disease are excellent and greater than 90%. In comparison, those with advanced disease have a higher incidence of recurrent disease and 5-year survival outcomes ranging from 40% to 50%.1 Approximately 30% of patients will have extrauterine disease at presentation (most commonly to the ovary). Recurrence rates range from 30% to 56%, late recurrences being common, and 15% to 25% of patients succumb to recurrent disease.3,7,8

HG-ESSs occur at a mean age of 50 years (range 28–67 years) and often are symptomatic with abnormal vaginal bleeding, an enlarged uterus, or a pelvic mass.3 HG-ESS has worse survival rates compared to LG-ESS and typically presents with advanced stage disease.1 Patients with HG-ESS are more likely to develop recurrent disease within an earlier time frame.3 The median overall survival ranges from 11 to 23 months.9 HG-ESS has a favorable prognosis compared to undifferentiated uterine sarcomas.

DIAGNOSTIC APPROACH

When patients present with abnormal or postmenopausal bleeding and uterine mass, the evaluation should comprise a complete history, physical examination including pelvic exam, endometrial biopsy, and pelvic imaging. The differential diagnosis is extensive and includes leiomyoma, endometrial stromal nodules, endometrial stromal sarcoma subtypes, leiomyosarcoma; solitary fibrous tumors or hemangiopericytoma, undifferentiated endometrial carcinomas, uterine tumor resembling ovarian sex cord tumors, and undifferentiated uterine sarcomas.1 Pelvic examination cannot differentiate between a benign uterine mass, such as leiomyoma, and uterine sarcoma.

Diagnostic approaches, such as endometrial sampling via biopsy or curettage can be performed. However, the accuracy of endometrial samples for ESS is uncertain owing to the rare frequency of this disease. In a report of 938 patients, only two had stromal sarcomas and both were identified on preoperative endometrial sampling.10 Other modes of biopsy, either transcervical or transperitoneal, have been considered. Transcervical biopsy limits the risk of peritoneal spread, but may not reach all masses.11

Imaging features of endometrial sarcomas can be distinct from leiomyoma, but diagnosis requires heightened suspicion as discussed in the next section, “Radiographic Features and Recommended Imaging.”

301If the diagnosis is made preoperatively, a complete blood count and chemistry panel to assess liver and renal function as well as chemistry profile should be considered.12 However, often the diagnosis is made postoperatively after hysterectomy or myomectomy for presumed benign disease. If diagnosed postoperatively, obtain expert pathologic review, request estrogen receptor (ER)/progesterone receptor (PR) testing, and perform imaging to assess for metastatic and unresected disease.12

RADIOGRAPHIC FEATURES AND RECOMMENDED IMAGING

Radiologic imaging typically includes pelvic ultrasound and pelvic MRI. On ultrasound exam, ESS has a nonspecific pattern or appearance of a heterogeneous hypoechoic endometrial mass (Figure 23.1A), with myometrial involvement. On Doppler ultrasound, low-resistance intralesional arteries and increased vasculature, which can be central or peripheral, are seen (Figure 23.1B). Key diagnostic findings of low-flow resistance within the intralesional arteries and the structural findings should increase suspicion for malignancy.2

On MRI, these neoplasms may appear as large polypoid masses that expand the endometrial cavity. The masses can be diffusely infiltrative and have irregular margins, and are characterized by multiple nodular lesions or masses and intramyometrial nodule extensions. A key feature characterized by a low-intensity rim on T2-weighted images may indicate hemorrhage and raise index of suspicion for ESS. Another important characteristic of ESS are the “worm-like” invasive projections that can be seen along the vasculature and ligaments on diffusion-weighted imaging.2 MRI is useful to evaluate for locally metastatic tumor, pelvic extension of disease, and residual disease in cases of incomplete resection, intraperitoneal morcellation, or tumor fragmentation.12 Examples of incomplete resection include supracervical hysterectomy and myomectomy.
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FIGURE 23.1  Radiologic imaging of endometrial stromal sarcomas. Nonspecific pattern or appearance of a heterogeneous hypoechoic endometrial mass on ultrasound (A) with low-resistance increased peripheral vasculature (B). Metastatic endometrial stromal sarcoma involving para-aortic node with high maximum standardized uptake value (SUVmax) (C).





302CT scans can be useful to assess for metastatic disease. PET with or without CT can be utilized to clarify ambiguous findings.12 There are limited data regarding PET in ESS; often the studies group the various sarcomas. PET may be useful to distinguish between uterine sarcomas and leiomyoma (Figure 23.1C). A small study including 15 uterine sarcomas and 19 leiomyomas demonstrated that the median maximum standardized uptake value (SUVmax) for these tumors was significantly different. Uterine sarcomas have higher median SUVmax of 12 compared to leiomyoma with a median SUVmax of 4.1.13 PET imaging with a novel tracer, [18F]-fluoroestradiol (FES) labeling, has been reported in patients receiving hormonal therapy demonstrating a correlation between decreased FES uptake on imaging and disease response.14

PATHOLOGIC FINDINGS OF ENDOMETRIAL STROMAL SARCOMAS

The anatomic location of ESS is similar for both low- and high-grade types. ESSs are intrauterine tumors and have propensity to invade the myometrium and vasculature. Distinguishing between endometrial stromal nodules, LG-ESS, HG-ESS, and other types of sarcomas can be challenging. Therefore, expert pathologic review is strongly recommended. Immunohistochemistry to assess protein and receptor expression as well as molecular characterization of the tumors for diagnostic purposes is helpful. These additional tests can be utilized to distinguish endometrial sarcomas from other mesenchymal neoplasms as well as LG-ESS from HG-ESS.

While endometrial stromal nodule is not the focus of this chapter, discussing the pathologic features of this neoplasm is important in order to distinguish from LG-ESS. Endometrial stromal nodules are benign tumors. The majority of endometrial stromal nodules are isolated yellow myometrial masses without endometrial involvement. They are typically well defined and circumscribe with a softer consistency compared to leiomyoma.15 Histologically, endometrial stromal nodules have similar features as compared to LG-ESS and are characterized by proliferative endometrium appearance. Moreover, immunostaining and molecular abnormalities are similar in both endometrial stromal nodules and LG-ESS. In contrast to LG-ESS, endometrial stromal nodules do not display lymphovascular invasion, and the absence of invasion is the diagnostic hallmark to distinguish between LG-ESS and endometrial stromal nodules.15

Pathologic Characteristics of LG-ESS

LG-ESSs are low-grade sarcomas characterized by uniform cells characteristic of endometrial stromal differentiation with minimal cellular pleomorphism and mild nuclear atypia (Table 23.1). Mitotic figures may be present but do not appear to confer a worse prognosis. LG-ESSs also demonstrate myometrial and/or vascular invasion.15 Grossly they are often recognized at the time of hysterectomy specimen evaluation by the characteristic “tongue-like” or “finger-like” pattern of myometrial invasion and involvement of the vasculature. As noted above, they have similar histologic features of endometrial stromal nodules. The differential diagnosis may include endometrial stromal nodule, intravascular leiomyomatosis, leiomyosarcoma, uterine tumors with ovarian sex cord-like features, fibromyxosarcoma, solitary fibrous tumor/hemangiopericytoma, and gastrointestinal stromal tumors. Diagnosis can be challenging owing to the presence of various histologic findings, including collagen bands, smooth muscle, skeletal muscle, cholesterol clefts, histiocytes, sex cord, glandular components, fibromyxoid, and rhabdoid features.1,6,15 Smooth muscle differentiation is present in approximately 45% of cases and about 25% exhibit sex cord-like differentiation. LG-ESS may also mimic fibromyxosarcoma, solitary fibrous tumor/hemangiopericytoma, and gastrointestinal stromal tumor with spindled tumor cells appearing fibroblastic or myofibroblastic-like. Even more challenging, metastatic LG-ESS may appear different from the primary tumor.1 The “tongue-like” invasive pattern helps distinguish LG-ESS from leiomyosarcomas that have a more destructive infiltrative pattern.6,15

LG-ESSs commonly express estrogen receptors (ERs) alpha, progesterone receptors (PRs) and androgen receptors (ARs). These tumors are often strongly positive for CD10 (75%–90%), usually exhibit positive staining for smooth-muscle actin and WT-1, less commonly for desmin (30%) and nuclear beta-catenin expression (40%). LG-ESSs are negative for h-caldesmon and HDAC8. Ki67 is less than 5%.3,15,16

Pathologic Characteristics of HG-ESS

HG-ESSs are malignant neoplasms notable for endometrial stroma differentiation and characterized by high-grade nuclear atypia.1,15 The nuclei are larger, more angulated, and irregular compared 303to those in LG-ESS.1 These tumors may also demonstrate the “finger-like” invasive pattern into the myometrium analogous to LG-ESS, but demonstrate more extensive and destructive invasion. Mitotic activity is common and consistently >10 per 10 HPFs. HG-ESSs more commonly demonstrate tumor cell necrosis. The histologic variations seen in LG-ESS, such as glandular and sex cord-like patterns, are rarely present.1,6 The morphology of HG-ESS varies based on the molecular subtype (Table 23.1).
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HG-ESS are subclassified based on molecular alterations and the different subtypes may have distinguishing morphology: (a) YWHAE-NUTMN2 altered HG-ESS and (b) BCL6 corepressor (BCOR) altered HG-ESS.15 The BCOR altered tumors represent a second form of HG-ESS and may be due to either ZC3H7B-BCOR gene fusions or BCOR internal tandem duplication (ITD).17 The YWHAE-NUTMN2 HG-ESSs have uniform epithelial cells arranged in nests associated by a delicate and branching vasculature. They are associated with typical LG-ESS morphologic appearance. The nuclei may exhibit increased pleomorphism and mitoses are present, but bizarre atypia should not be present. In contrast, the BCOR altered tumors have a different microscopic appearance, characterized by spindle cells and a prominent myxoid stroma. ZC3H7B-BCOR associated HG-ESS is characteristic of a new subset of myxoid HG-ESSs, which share morphologic overlap with myxoid LMS.18 The BCOR ITD sarcomas often have a round cell component.19

304HG-ESS are typically negative or have limited ER alpha, PR, and AR expression. HG-ESSs exhibit strong and diffuse cyclin D1 immunostaining.16 HG-ESSs have been reported to staining positively for c-KIT, but negative for DOG1.3 The two HG-ESS subtypes have different staining patterns (Table 23.1). For example, the YWHAE-NUTMN2 HG-ESS may exhibit CD10, ER, and PR staining in the low-grade component. In contrast, CD10, ER, and PR staining is absent or only focally positive in the high-grade component of these tumors. YWHAE-NUTMN2 HG-ESSs are strongly positive cyclin D1 in the high-grade areas, c-KIT negative, and demonstrate Ki67 ≥5%. Positive diffuse staining for CD56 and CD99 has also been reported.20 BCOR altered tumors may be due to either ZC3H7B/BCOR fusion or BCOR ITD. BCOR altered HG-ESS exhibit strongly positive cyclin D1 staining and higher Ki67 ≥5%. They may have limited ER/PR positivity. BCOR fusion HG-ESSs are strongly positive for CD10, while BCOR internal tandem duplication exhibit either focal/patchy CD10 positivity or are CD10 negative. Both YWHAE-NUTMN2 and BCOR altered HG-ESSs demonstrate BCOR expression.5,15

MOLECULAR ABERRATIONS OF ENDOMETRIAL STROMAL SARCOMAS

Molecular genomic characterization in ESS can be very helpful to distinguish between low- and high-grade disease. Gene rearrangements, such as translocations, are common in both types of endometrial sarcomas.15 However, the types of translocation, generation of fusion proteins, and oncologic potential of the aberration varies in LG-ESS compared to HG-ESS. The research continues to evolve, with several new translocations reported recently.

Molecular Aberrations of LG-ESS

LG-ESS have molecular features characterized by gene translocations. There are several of these translocations resulting in gene fusions, and most commonly the JAZF1 gene is involved.15 Translocations frequently involve chromosomes 6p, 7p, and 17q. One such translocation, t(7;17), JAZF1/SUZ12 (formerly JAZF1/JJAZ1) is present in up to 50% of LG-ESS. The translocation is the result of the fusion of two zinc finger genes, JAZF1 and SUZ12 (formerly JJAZ1), and creation of the JAZF1/SUZ12 fusion protein.1,15 While commonly seen in LG-ESS, this translocation has not been found in other uterine sarcomas or smooth-muscle neoplasms.

Other translocations and gene fusion proteins have been identified in LG-ESS and often involve the PHF1 gene. These rearrangements include t(6;7), t(6;10), t(2;6), t(1;6), t(5;6) and their resulting fusion gene products: JAZF1/PHF1, EPC1/PHF1, EPC2/PHF1, MEAF6/PHF1, BRD8/PHF1, respectively.15,21 When translocations are present, the type and frequency are as follows: JAZF1/SUZ12 (80%); JAZF1/PHF1 (6%), EPC1/PHF1 (4%), MEAF6/PHF1 (3%), MBTD1/Cxorf67 (2%).15

Molecular Aberrations of HG-ESS

HG-ESS are characterized by molecular aberrations, and it was the discovery of the YWHAE-NUTM2 fusion genes (formerly known as YWHAE/FAM22A/B) gene rearrangement that helped redefine the HG-ESS category in the WHO 2014 classification system.1 HG-ESSs are subclassified by type of molecular alterations: the YWHAE-altered HG-ESS and BCOR-altered HG-ESS. BCOR-altered HG-ESS comprise tumors that have either ZC3H7B-BCOR gene fusions or BCOR ITD.15,17,19 YWHAE-NUTM2 fusion genes represent a common t(10;17) translocation.15 Molecular testing to identify fusion transcripts may be very helpful to distinguishing between LG-ESS, HG-ESS, and other types of mesenchymal neoplasms as well as assist in the diagnosis of the ESS subtypes, YWHAE-NUTM2 and BCOR altered tumors. BCOR-associated ESSs have been classified as low-grade as well as high-grade ESS tumors.22 The clinical relevance of the molecular alterations is not fully understood. Given the literature reports regarding a more aggressive clinical course, the BCOR-associated ESS will be considered in the HG-ESS category. Other novel gene rearrangements, for example, EPC1-SUZ12, EPC1-BCOR, and NTRK fusions, have been reported.17,23

STAGING FOR ENDOMETRIAL STROMAL SARCOMAS

Historically uterine sarcomas were staged using a staging system proposed for endometrial cancers in 1988. In 2009, a new International Federation of Gynecology and Obstetrics (FIGO) staging system was developed specifically for uterine sarcomas. This new staging system had two divisions, one for ESS and leiomyosarcoma, and the other one for adenosarcoma.3 Currently, staging for ESS utilizes the 3052017 Tumor, Node, Metastasis (TNM) staging system of the combined American Joint Committee on Cancer/Union for International Cancer Control (AJCC/UICC) and the FIGO staging system (Table 23.2). Importantly, ESS are not surgically staged and lymphadenectomy does not have therapeutic value and is not routinely recommended for staging purposes.3,8,11



TABLE 23.2 Staging of Uterine Sarcomas: Leiomyosarcomas and Endometrial Stromal Sarcomas









	TNM 
	FIGO 
	Definition





	T1
	I
	Tumor confined to the uterus



	T1a
	IA
	Tumor is 5 cm or less in greatest dimension



	T1b
	IB
	Tumor is more than 5 cm in greatest dimension



	T2
	II
	Tumor extends beyond the uterus, within the pelvis



	T2a
	IIA
	Tumor involves adnexa



	T2b
	IIB
	Tumor involves other pelvic tissue



	T3
	III
	Tumor involves abdominal tissues (not just protruding into the abdomen)



	T3a
	IIIA
	Tumor extends to one abdominal site



	T3b
	IIIB
	Tumor extends to more than one abdominal site



	N1
	IIIC
	Tumor involves pelvic and/or para-aortic lymph nodes



	T4
	IVA
	Tumor invades bladder and/or rectal mucosa



	M1
	IVB
	Distant metastases, excluding adnexa, pelvic, and abdominal tissues









FIGO, Federation of Gynecology and Obstetrics staging system; TNM, tumor, node, metastasis staging system.

Source: National Comprehensive Cancer Network. Uterine Neoplasms Version 3.2019. https://www.nccn.org/professionals/physician_gls/





In the eighth edition of the AJCC Cancer Staging Manual, the grading of ESS follows a two-tier system of low- and high-grade and uses the prior staging definitions as per the TNM and FIGO systems. Staging for ESS is based on tumor size, given that these tumors by definition invade the myometrium. The cut-off for tumor size for staging purposes is 5 cm; stage IA, <5 cm; stage IB, >5 cm. Tumor size measurements can be compromised by tumor fragmentation or distortion. Thus, correlation with imaging and intraoperative findings to allow estimation of tumor size is imperative.15

GENERAL THERAPEUTIC APPROACH FOR NEWLY DIAGNOSED ENDOMETRIAL STROMAL SARCOMAS

Surgery

The surgical management of LG-ESS and HG-ESS is similar. A diagnosis of ESS should elicit an expert pathologic review for confirmation. Whether the malignancy is diagnosed preoperatively or postoperatively, ER/PR testing and imaging can be helpful to determine the type of procedure and surgical approach. CT imaging of the chest, abdomen, and pelvis can assess for distant metastases and direct surgical planning.12

Primary Surgical Management

Primary surgical management for disease limited to the uterus includes total hysterectomy. In patients undergoing hysterectomy for a known biopsy-confirmed diagnosis of uterine sarcoma, morcellation should be avoided. Bilateral salpingo-oophorectomy is preferred, especially in those with LG-ESS and ER positive disease. The decision to perform oophorectomy is challenging in premenopausal women, as extrauterine disease has been reported in approximately 30%, commonly with ovarian metastases, at the time of initial presentation.8 However, this data must be interpreted cautiously as these studies were conducted prior to the 2014 change in uterine stromal neoplasm classification.

If metastatic disease is identified intraoperatively, additional surgical resection may be considered.12 However, there is limited literature regarding the role of surgery in patients with extrauterine disease conducted after the 2014 WHO classification system. Moreover, prior studies have been too small to have adequate power to determine the benefit of surgery in this patient population.24 Therefore, the management of extrauterine disease should be individualized based on National Comprehensive Cancer Network (NCCN) guidelines.12 When extrauterine disease is known or suspected, surgical resection is based on extent of disease, resectability, and symptoms. If the disease is amenable to resection, total hysterectomy with or without bilateral salpingo-oophorectomy and metastasectomy should 306be considered. In some situations surgical resection is not possible or the patient is not a candidate for primary surgery.12

In most cases, diagnosis of LG-ESS or HG-ESS is made following hysterectomy or myomectomy. As mentioned previously, expert pathologic review, ER/PR testing, and imaging to assess for metastatic disease are helpful for surgical planning. If supracervical hysterectomy was performed, surgical evaluation and trachelectomy can be considered. If the ovaries were preserved at the time of hysterectomy, a repeat surgical procedure to remove the ovaries is controversial.12 There are conflicting data regarding ovarian preservation and survival outcomes (see “Fertility Preservation”). According to NCCN guidelines, oophorectomy can be considered, especially in LG-ESS or ER-positive tumor. If diagnosis was made after an uncontained morcellation procedure or fragmentation of tumor, reexploration can be considered, especially if there is concern for disease on imaging. If a second surgery is performed, some experts also recommend peritoneal and omental biopsies, but surgery for staging purposes only is not recommended.12

Role of Lymphadenectomy

Lymphadenectomy for staging purposes is not recommended for ESS.8 The probability of lymph node metastases in early-stage ESS is less than 10% (range: 2.2%–33%).1,5,11 However, the reports with higher rates of lymphatic disease were performed prior to the 2014 classification system change and probably do not reflect rates for ESS. Nodal metastases do portend a worse progress; however, lymphadenectomy does not seem to enhance survival outcomes.6 A meta-analysis of 11 studies in women with ESS concluded that lymphadenectomy was not associated with improved survival outcomes.18

Radiation

Radiation therapy can be utilized in several settings in women with ESS. In general, radiation can be used to treat those with unresectable metastatic disease or patients who are not candidates for primary surgical management as well as in the adjuvant setting for women with select stages. Adjuvant radiation is not typically recommended in women with stage I disease.12 Radiation can be considered for those with stage II-IV LG-ESS; however, there is no clear evidence that radiation therapy will improve survival.12 Given the excellent prognosis of LG-ESS, conflicting data regarding adjuvant radiotherapy, and the long-term risks of radiation (for example, fibrosis, stricture, fistula, and second malignancies), the use of adjuvant radiation therapy should be individualized.12 Adjuvant radiation therapy with or without systemic chemotherapy is more commonly considered for women with stage II, III, and IV HG-ESS because of the high risk of recurrence with this disease. Palliative radiation is considered for those women with unresectable, or stage IVB disease.12 A prospective Phase III trial of adjuvant pelvic radiation was performed in women with uterine sarcoma. However, the ESS cohort was too small to confidently interpret the results.25

Hormonal Therapy

Hormonal therapy, also referred to as endocrine therapy is the cornerstone of management for women with LG-ESS.12 Hormonal adjuvant therapy is recommended for women with stage II–IV disease, as well as for treatment for those with advanced or recurrent disease. In comparison, endocrine therapy in not typically recommended for HG-ESS. There are several options for hormonal therapy in LG-ESS including the following: progestin therapy with either medroxyprogesterone acetate, megestrol acetate; aromatase inhibitors; and gonadotropin-releasing hormone analogs. There is also a report of disease stabilization with fulvestrant, a pure ER-antagonist.12,14 Selective estrogen receptor modulators (SERMs), such as tamoxifen, and estrogen replacement therapy are generally contraindicated as they may increase the risk of tumor progression and recurrence.5

For those with stage II-IV LG-ESS, NCCN guidelines include adjuvant hormonal therapy based on retrospective studies and increased risk of recurrence in women with locally advanced and advanced stage disease.6,12,26 The retrospective series are limited by small numbers, but did demonstrate a reduction in recurrence with use of adjuvant hormonal therapy. A review by Zang et al. reported seven retrospective studies; six concluded that adjuvant progestin therapy yielded a lower recurrence rate compared to those who had surgery only. In one study, patients with either stage I disease (14.3% vs. 38.5%), or in all stages (33% vs. 50%) treated with adjuvant progestins had a lower recurrence rate compared to no adjuvant therapy. The recurrence-free interval ranged from 18 to 56 months.7 A small retrospective study evaluating adjuvant progestins and aromatase inhibitors in women with stage I LG-ESS reported a significant reduction of recurrence with either progestins (7.7%) or aromatase inhibitors (14.3%) compared to no adjuvant therapy (70%). The study is too small to compare the efficacy 307of progestins to aromatase inhibitors. However, 69% of patients decreased or discontinued progestin therapy because of toxicity. In contrast, none of the patients taking aromatase inhibitors prematurely discontinued therapy.26

The duration of adjuvant hormonal therapy has not been formally evaluated. For stage I disease, adjuvant therapy may be offered for at least 2 years. The duration for those with stage II–IV disease may be extended up to 5 years or indefinitely.6 The duration of adjuvant hormonal therapy should be based on stage of disease, status of disease, and importantly, patient tolerability. Consideration of long-term hormonal therapy and side effects should be reviewed. For instance, progestin therapy toxicity includes depression, weight gain, and thromboembolism complications, while aromatase inhibitors are notable for hot flashes, fatigue, arthralgia, and osteoporosis.7

Chemotherapy

Chemotherapy may be used in women with ESS as adjuvant therapy to prevent recurrence as well as in those with metastatic or recurrent disease. Chemotherapy is more commonly used for women with HG-ESS, but may be considered in women with LG-ESS who have persistent/recurrent disease and no longer are responding to hormonal therapy.6 According to NCCN guidelines, management options for stage I disease include consideration of adjuvant chemotherapy, but observation is the preferred strategy. In addition, consideration of systemic adjuvant chemotherapy with or without radiation therapy is appropriate for patients with stage II–III HG-ESS disease due to the high risk for relapse.12 Unfortunately, robust prospective clinical trials of adjuvant therapy in HG-ESS are lacking. However, a Phase III randomized trial that compared adjuvant chemotherapy (gemcitabine/docetaxel followed by doxorubicin) versus observation (allowed hormonal therapy) in patients with high-grade stage I and II uterine leiomyosarcoma did not demonstrate improved survival with chemotherapy compared to observation.27 The trials was stopped prematurely because of lack of enrollment and was closed for futility. A restricted mean survival time analysis was conducted and demonstrated overall survival of 34.3 months with chemotherapy compared to 46.4 months in the observation arm.

Chemotherapy with or without radiation is typically recommended for those with stage IVB disease, incomplete resection, or metastatic disease.12 Recommendations for chemotherapy regimens for HG-ESS are based on studies in soft tissue sarcomas and uterine leiomyosarcoma. Further detail regarding chemotherapy is provided in the section “Therapeutic Approach for Metastatic Disease.”

FERTILITY PRESERVATION

Fertility preservation may be an issue in premenopausal women with ESS. Desire for future fertility should be discussed at the initial consultation visit and referral to a specialist in Reproductive Endocrinology and Fertility should be strongly considered. With regard to ovarian and uterine preservation, there are limited and controversial data. There are conflicting guidelines regarding oophorectomy for women with ESS. The NCCN clinical practice guidelines suggest consideration for oophorectomy for patients with LG-ESS.12 European Society for Medical Oncology–European Reference Network (ESMO–EURACAN) Clinical Practice Guidelines state that the value of bilateral salpingo-oophorectomy is not yet established.28 The Gynecologic Cancer InterGroup (GCIG) recommends consideration for ovarian preservation in young women with small tumors.29

Ovarian preservation may increase risk of recurrence, but has not been found to negatively affect survival.6,29–32 One study reported on patients with LG-ESS treated from 1985 to 2014 and found a nonsignificant longer progression-free survival for those who underwent bilateral salpingo-oophorectomy compared with those who preserved their ovaries (38 vs. 11 months, p = .071).31 A study using the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) database included women younger than 50 years of age with uterine sarcomas from 1988 to 2013. For the 520 women with LG-ESS, ovarian preservation was not associated with worse overall survival (p = .41) or cancer-specific survival (p = .56).29 In a systematic review of the literature and meta-analysis, 17 studies and 786 patients (190 with ovarian preservation and 501 with oophorectomy) were included to assess recurrence and survival outcomes. The ovarian preservation group had a significantly increased recurrence rate (46.8% vs. 24.2%; odds ratio [OR] 2.70, 95% confidence interval [CI] 1.39 to 5.28), but no difference in death rates (OR 0.80, 95% CI 0.18 to 3.47) compared with the oophorectomy group.32

Premenopausal patients who underwent a myomectomy may express interest in uterine preservation. There is limited literature to inform management decisions. There may be a higher risk of recurrence in women who undergo myomectomy compared to hysterectomy. Specifically, Bai et al. reported 308a retrospective study of 19 women who underwent myomectomy compared to 134 who underwent hysterectomy using the 2003 WHO classification system. The findings indicated a higher risk of relapse in the myomectomy group (79% vs. 25%).30 However, there was no difference for survival outcomes. A literature review identified eight studies that included women with uterine preservation and incorporated adjuvant progestin therapy for women potentially desiring fertility. Of the 25 women, 15 pregnancies were conceived, with 14 successful deliveries. Assisted reproductive techniques were employed in three of the 15 pregnancies (20%). Eight women developed recurrent disease and one died of disease.7 Myomectomy may be offered as an option for patients with LG-ESS who strongly desire fertility and after extensive counseling regarding risk of recurrence and long-term surveillance. Other options such as surrogacy should also be discussed. Once childbearing is complete or fertility is no longer an issue, hysterectomy should be strongly considered.

RECOMMENDED FOLLOW-UP

Patients should be counseled regarding their risk of recurrence; symptoms and signs of recurrence; and surveillance recommendations. Patients experiencing abnormal symptoms should contact their care providers expeditiously. Symptoms of recurrence include abnormal vaginal or rectal bleeding, hematuria, pain, loss of appetite, cough, shortness of breath, and abdominal swelling.12 Surveillance for patients with ESS includes history with physical examination every 3 to 4 months for the first 2 to 3 years and then every 6 to 12 months. Imaging surveillance is recommended and should include CT scans of the chest, abdomen, and pelvis every 3 to 6 months for the first 3 years and then every 6 to 12 months for the next 2 years.12 After 5 years, surveillance history and physical exam may be extended to every 12 months. The role of continued CT scans surveillance imaging should be based on histology, grade, and stage at the time of initial diagnosis. Moreover, the risk of recurrence versus increased radiation exposure risk from CT imaging should be considered and discussed with the patient.

PROGNOSIS, PROPENSITY TO METASTASIZE, AND COMMON METASTATIC SITES

The literature regarding the prognosis for ESS is complicated because of the changing nomenclature. Despite these limitations, the prognosis for women with LG-ESS is significantly better compared to those with HG-ESS. HG-ESSs are more aggressive tumors and are more likely to recur. HG-ESSs have a worse prognosis with higher risk for death compared to LG-ESS, but better prognosis compared to undifferentiated uterine sarcomas.6

LG-ESSs typically present with intrauterine disease; however, metastatic disease has been reported in 30%. Recurrence rates range from 30% to 56%, late recurrences being common, and 15% to 25% of patients succumb to recurrent disease.3,7,8,16 The most common sites are in the abdomen/pelvis (40%–50%) and lung (25%). However, lymphatic and spinal metastases as well as hematologic recurrences have also been reported.6 Lymph node metastases range from 2.2% to 33% of patients.1,5,30 However, some of this data was reported prior to the change in the 2014 classification and one study also included patients with recurrent disease.33 Therefore, the higher rate of lymph node metastases in older studies may not be representative for LG-ESS.

HG-ESS are more likely to present with advanced stage, develop recurrent disease within a year, and have a shorter median overall survival (range, 11–23 months).3,6,9,34 In one study, 42.5% presented with stage 1 disease, while almost 60% had metastatic disease at the time of diagnosis. Over 70% of patients developed recurrent disease with abdominopelvic sites (42.5%) and distant metastasis (30%) including lung, liver, brain, and spine. Prognostic clinicopathologic features for HG-ESS also include elevated cancer antigen 125 (CA125), endometriosis, larger tumor size, and postmenopausal status, which are associated with worse survival outcomes.34 Prognosis for HG-ESS varies based on type of molecular alterations.15

Tumor grade and stage are the most significant prognostic factors for ESS. A SEER analysis of ESS attempted to assess survival outcomes based on 2003 WHO classification by separating tumors by grade (1–3). Grades 1 and 2 disease was used to define LG-ESS, while grade 3 represented HG-ESS and UUS. Independent pathologic confirmation was not performed. The 5-year disease-free survival rate by grade was 91.4% for grade 1 disease; 95.4%, grade 2; and 42.1%, grade 3.35

Molecular alterations, such as, YWHAE altered and BCOR fusion HG-ESS have a more aggressive clinical phenotype compared with LG-ESS.15 Patients with the YWHAE-FAM22 translocation, which 309is characteristic of HG-ESS, have worse survival outcomes compared to those with JAZF1 rearrangements, which are present in LG-ESS. Specifically, of 10 patients with YWHAE-FAM22 alteration, two died of disease within 2 years; seven were alive with disease, and only one had no evidence of disease.6,36 In comparison, in 17 patients with JAZF1-associated LG-ESS, 13 had no evidence of disease with an average follow up of 10 years, two were alive with disease, and two had died of disease. Of the two who died of disease, one expired within 1 month, while the other patient succumbed 9 years after her initial diagnosis).6,37,38 BCOR ITD sarcomas may be more indolent and have a favorable clinical prognosis compared to other HG-ESS.15

Uncontained morcellation in women with LG-ESS who underwent uterine morcellation had an increased recurrence rate (31.4% vs. 7.4%) and decreased 5-year disease-free survival compared with those who did not have a morcellation (55% vs. 84%; OR 4.03, 95% CI 1.06–15.3). However, no significant impact on overall survival (OS) was reported.6,39 In another study, laparoscopic hysterectomy and transvaginal scalpel morcellation of unsuspected ESS did not appear to increase intraperitoneal dissemination or recurrence risk.40 However, these studies contain a small number of patients with limited follow-up. Manual morcellation that is not contained within a protective bag and power morcellation should be avoided in the setting of known biopsy-confirmed diagnosis of uterine sarcoma.

THERAPEUTIC APPROACH FOR METASTATIC DISEASE

The therapeutic approach for women with recurrent or metastatic disease ESS differs based on the low- or high-grade classification. Treatment options include surgery, hormonal therapy, chemotherapy, and/or radiation. Hormonal therapy is preferred for LG-ESS, while chemotherapy is the recommended option for systemic therapy in women with HG-ESS. Consideration for clinical trial participation should strongly be considered for patients with disseminated metastatic disease. Novel therapeutic options including biologic therapy and immunologic approaches are being considered. Further studies are needed to explore innovative combinations of known treatment options (radiation, endocrine therapy, and chemotherapy) with immunologic and biologic therapeutic strategies.

Therapy for Metastatic LG-ESS

Hormonal therapy is the cornerstone of treatment for women with LG-ESS. Treatment for stage II, III, and IV LG-ESS includes recommendation for estrogen-blockade in the front-line setting either alone or combined with external beam radiation therapy. Commonly used hormonal therapies are listed in the section “General Therapeutic Approach for Newly Diagnosed Endometrial Stromal Sarcomas.” In brief, there are numerous hormonal therapies comprising the following options: progestin therapy (medroxyprogesterone acetate and megestrol acetate); aromatase inhibitors; gonadotropin-releasing hormone analogs; and an ER-antagonist.6,7,12,14

A review of hormonal therapy for treatment of recurrent or metastatic LG-ESS indicated disease control rates (response rate plus disease stabilization) of 87% to 89% with either progestin therapy or aromatase inhibitors.7 Long-term responders are common. Appropriate sequencing and combination of hormonal therapy is unknown, and there is not sufficient prospective comparison of these therapies to inform treatment management. However, the toxicity profile may drive treatment recommendations. A small retrospective study of adjuvant hormonal therapy revealed a higher rate of dose reduction or premature discontinuation in patients taking progestin therapy compared to aromatase inhibitors (69% vs 0%, respectively).26

Hormonal therapy should still be considered beyond front-line treatment in those who progress. A small study of patients with LG-ESS previously treated with hormonal therapy demonstrated a 100% disease control rate as manifested by stable disease >6 months with second-line hormonal therapy.6,41 For patients with LG-ESS who progress despite endocrine therapy, systemic chemotherapy or biologic therapy may be considered. See the section “Therapy for Metastatic HG-ESS” for discussion of chemotherapy regimens.

Therapy for Metastatic HG-ESS

Current guidelines recommend consideration of systemic adjuvant chemotherapy with or without radiation for patients with stage II–IVA HG-ESS. Chemotherapy is also recommended for patients with IVB disease and those with metastatic disease. Chemotherapy regimens are based on data extrapolated from soft tissue sarcoma and uterine leiomyosarcoma. Preferred first-line regimens are doxorubicin plus ifosfamide, single-agent doxorubicin, and gemcitabine plus docetaxel.12 The GeDDiS trial 310was a randomized controlled Phase III trial comparing doxorubicin (control arm) to the combination gemcitabine plus docetaxel (experimental arm). There was no significant difference in progression-free survival rates at 24 weeks (46.3% vs. 46.4%) and median progression-free survival (23.3 weeks vs. 23.7 weeks) between those who received doxorubicin versus those who received gemcitabine and docetaxel.42 Doxorubicin plus ifosfamide has nearly twice the response rate and a superior progression-free survival than single-agent doxorubicin in patients with soft tissue sarcoma.12 The findings support doxorubicin plus ifosfamide or as single agent for the frail or elderly as the standard first-line treatment for patients with advanced soft tissue sarcoma.

Other chemotherapy options include dacarbazine, gemcitabine, epirubicin, ifosfamide, liposomal doxorubicin, pazopanib, temozolomide, vinorelbine, eribulin, and docetaxel. Combination regimens such as combination doxorubicin with dacarbazine; or gemcitabine with either dacarbazine or vinorelbine may be considered.12

Biologic and immunologic agents are also of interest. Tuyaerts and Amant provided a rationale to support immunotherapy approaches (vaccination, adoptive transfer of tumor-infiltrating lymphocytes, and T-cells engineered with a translocation breakpoint-specific T-cell receptor strategies) to treat ESS given the presence of translocation fusion breakpoints characteristic of both low- and high-grade ESS.9 Further understanding of the underlying molecular biology, tumor microenvironment, and immunogenicity in ESS will help direct biologic, immunologic, and combination therapies in the future.

Surgery for Metastatic Endometrial Stromal Sarcoma

Surgery is a reasonable option for women with isolated metastatic recurrent disease.12 Surgery is more likely to be considered in women with recurrent LG-ESS, given the more indolent nature of this disease.6,43 Women with HG-ESS and isolated metastatic disease may also be candidates for surgery, especially those with long recurrence-free intervals.6

Radiation for Metastatic Endometrial Stromal Sarcoma

Palliative radiation is considered for those women with stage IVB disease, unresectable recurrent disease, or disseminated recurrent metastatic disease.12 In the event of radiologically isolated metastasis, the use of radiation is dependent on location of disease, status of resectability, and prior radiation history. External beam radiation therapy either alone or in conjunction with systemic chemotherapy may be considered for those with unresectable disease or postoperatively for patients managed with surgical resection.12 For those with isolated vaginal or pelvic recurrences, vaginal brachytherapy can be added, however, the use of brachytherapy and dosing is dependent on prior radiation history. In select cases intraoperative radiation can be an option for patients who undergo surgical exploration and resection. Reirradiation may be considered for some previously radiated patients, but that depends on site of disease, prior radiation fields, and radiation doses.12

SUMMARY

In conclusion, ESS is a rare subset of uterine mesenchymal neoplasms that account 0.2% to 1% of all uterine malignant neoplasms and approximately 10% to 20% of uterine sarcomas. The 2014 WHO classification system recognizes four categories of endometrial stromal neoplasms including (a) endometrial stromal nodule (ESN), (b) LG-ESS, (c) HG-ESS, and (d) UUS. LG-ESS and HG-ESS both may resemble proliferative endometrial stroma and demonstrate myometrial and vascular invasion with “tongue-like” appearance. In contrast to its low-grade counterpart, HG-ESSs tend to demonstrate high-grade nuclear atypia, pleomorphism, higher mitotic activity, and necrosis. Moreover, HG-ESSs have a more destructive and invasive growth pattern.

The majority of ESS cases are diagnosed postoperatively after hysterectomy or myomectomy. An important clinical pearl is to have a high index of suspicion in women with abnormal radiologic features. On ultrasound exam, a nonspecific pattern or appearance of a heterogeneous hypoechoic endometrial mass with myometrial involvement and increased central or peripheral vasculature should raise the index of suspicion for ESS. Key diagnostic findings on MRI include low-intensity rim on T2-weighted images indicative of hemorrhage, or “worm-like” invasive projections on diffusion-weighted imaging.

Expert pathologic review is essential to correctly diagnose LG- and HG-ESS, which can be distinguished based on morphologic features, immunostaining patterns, and molecular aberrations. LG-ESS typically are indolent tumors characterized by excellent prognosis. Overall, the survival rates are 65% to 76% at 10 years. However, the 5-year survival estimates for women with stage I and II disease is 311greater than 90%. In contrast, recurrence and overall survival rates for HG-ESS are worse compared to LG-ESS. Therefore, postoperative adjuvant therapy is recommended for select patients, and the type of treatment is based on histologic subtype. Adjuvant hormonal therapy is the cornerstone for treatment for women with stage II–IVA LG-ESS in order to enhance relapse-free survival. In contrast, systemic adjuvant chemotherapy is suggested for women with HG-ESS.

Close and long-term surveillance for women with ESS is important. For those with recurrent disease, there are several treatment options including surgical resection, radiation, hormonal therapy, and chemotherapy. The therapeutic management is dependent on the classification, recurrence-free interval, extent of disease, and prior therapy. Chemotherapy recommendations for women with ESS is extrapolated from available data for soft tissue sarcomas or uterine leiomyosarcomas. Consideration for clinical trial participation should strongly be considered for patients with disseminated metastatic disease.

Future directions include enhanced understanding of the molecular biology of ESS, prognostic role of gene alterations, and potential to explore novel treatment combinations including immunologic and biologic therapies.

 





CASE STUDY

A 50-year-old female presented for consultation and management of HG-ESS. She had been advised to initiate adjuvant chemotherapy and to consider radiation therapy by her medical oncologist. She presented with perimenopausal bleeding and a pelvic ultrasound study demonstrated an intrauterine mass felt to represent an enlarged leiomyoma with uterine size of 12 cm. She underwent vaginal hysterectomy at an outside facility with uncontained transvaginal manual morcellation. Her pathology report described an HG-ESS measuring 8 cm, with 10 mitoses/HPF, deep myometrial invasion, and lymphovascular space invasion. A complete history and physical exam was performed. The pelvic mass was negative for vaginal nodularity and adnexal masses. Consultation recommendations included CT of the chest, abdomen, and pelvis; pathologic review; and follicle-stimulating hormone. The CT scan was negative for metastatic disease and follicle-stimulating hormone was >50 IU/L. Expert pathologic review demonstrated low-grade atypia, 3 mitoses/10 HPFs, and no necrosis. Immunostaining showed positivity for CD10, ER alpha, and PR. The histologic diagnosis was LG-ESS, which was supported by molecular testing demonstrating a JAZF1/SUZ12 fusion gene. She opted for surgical exploration and oophorectomy. Findings at the time of surgery were negative for gross evidence of disseminated disease. Bilateral salpingo-oophorectomy, omentectomy, and peritoneal biopsies were performed. Final pathologic review revealed metastatic parenchymal disease to both ovaries. There was no evidence of surface ovarian involvement. The remainder of the pathology specimens was negative. She was treated with adjuvant progestin therapy. Owing to side effects of weight gain, she opted to switch therapy to an aromatase inhibitor. She is being followed closely with surveillance exams, imaging, and dual-energy x-ray absorptiometry (DEXA) scans to assess for osteoporosis. She has been without evidence of progressive disease.
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Chordomas are rare bone tumors accounting for ~4% of all bony malignancies. Clinically, these tumors typically grow slowly, but act in a locally invasive manner and usually occur along the axial and para-axial bones. Common locations of chordoma are the sacro-coccygeal spine, mobile spine, and skull base. The clinical management of chordomas requires a multidisciplinary approach to optimize the diagnosis and treatment plan. Expert pathologic consultation is required for this rare diagnosis. Curative surgery remains the standard treatment of chordomas. In patients with technically inoperable disease or in patients who decline resection, high-dose radiation is an option but may have a higher rate of local progression than the combination of surgery and radiation. Targeted therapy for locally advanced or metastatic disease is effective for tumor stabilization but has a low response rate using standard response evaluation criteria in solid tumors. This chapter discusses clinical presentation, radiographic findings, diagnostic approach, pathology, treatment, and management of disease recurrence for chordomas.
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INTRODUCTION

Chordomas are rare bone tumors accounting for ~4% of all bony malignancies. The incidence of chordoma is approximated to be just under one case per million people and there are approximately 300 cases diagnosed per year in the United States.1–3 Chordomas are more common in men than women and typically affect people in the fourth decade of life. The 5-year overall survival (OS) rate is reported to range from 50% to 67%, depending on the stage of the disease and the presence of relapsed or metastatic disease.3,4

There are various hypotheses about the pathogenesis of chordomas. One prevailing theory is that chordomas derive from the remnants of the notochord, a midline embryonal structure that plays a role in neuronal differentiation, which usually regresses during fetal development.5–7 Currently, the molecular drivers of chordoma are still under investigation. Brachyury, vascular endothelial growth factor receptor (VEGFR), and c-KIT are putative oncogenic drivers.8,9

Clinically, these tumors typically grow slowly, but act in a locally invasive manner and usually occur along the axial and para-axial bones. Common locations of chordoma are the sacro-coccygeal spine, mobile spine, and skull base. Common clinical presentations, such as pain, mass effect, or cranial neuropathy vary based on the location and degree of tumor extension.4,10–12

The clinical management of chordomas requires a multidisciplinary approach to optimize the diagnosis and treatment plan. Expert pathologic consultation is required for this rare diagnosis. Curative surgery remains the standard treatment of chordomas. En bloc resection in conjunction with radiation is considered to be the most effective approach for localized disease.13–17 In patients with technically inoperable disease or in patients who decline resection, high-dose radiation is an option but may have a higher rate of local progression than the combination of surgery and radiation.17–20 Distant metastasis has been reported in 10% to 40% of patients and systemic chemotherapy has shown limited efficacy, but these have seen some promising results with the use of targeted therapy.21–25

PATHOGENESIS AND MOLECULAR PATHWAY

The pathogenesis of chordomas remains unclear. Various hypotheses have been proposed and the prevailing notion is that these tumors develop from notochordal remnants. The notochord is formed on day 17 of embryogenesis and migrates cranially between the ectoderm and endoderm. During fetal development, the notochord is surrounded by adjacent neuro-ectodermal tissue and is replaced by cartilage cells. Its regression remnant becomes the nucleus pulposus of the intervertebral discs. Currently, several aberrant genetic changes have been proposed to be the oncogenic drivers of chordoma.

Chromosomal Abnormalities

Theoretically, the well-known gene called “T-gene” or brachyury was considered to play a major role of both familial and sporadic chordoma development. Duplications of the brachyury gene on chromosome7, polysomy-7, or chromosome7 translocations all can cause a gain-of-function of this proto-oncogene, which induces abnormal cell growth and inhibits apoptosis within notochordal remnant cells.26–29 Moreover, Patrick et al. have reported mutations in chromatin remodeling genes, such as CDKN2A and SETD2, in chordoma sequencing experiments.27,30

316Mutations in Chordomas

A series of mutations have been found in chordomas, and it is unclear as yet how many are “driver” and how many are “passenger” mutations. Receptor tyrosine kinase overexpression has been detected in 77% to 99% cases.8,9,31–34 The platelet-derived growth factor receptor (PDGFR-α and -β), c-KIT, and VEGFR can be detected in endothelial cells and various types of normal or inflammatory tissues, but rarely is expressed in normal bone or chondrocytes. These mutations have been targeted in several small studies discussed later in the chapter. Several studies reported activating mutations in the PI3K/AKT/MTOR pathway in approximately 16% of chordomas. Mutations in this pathway are a potential predictive biomarker for PI3K/MTOR inhibitor treatment.27

The LYST (lysosomal trafficking regulator protein) regulates intracellular protein trafficking to the endosome. It was also discovered to be a novel gene that regulates the development of chordoma in approximately 10% of cases. Abnormal regulation of this gene has been shown to result in transcription variants.

Epigenetic Change

Epigenetic changes in chordoma cell lines and tissues have been documented. However, it is unclear at this time how to take advantage of these epigenetic changes. Abnormal DNA methylation of cytosine adjacent guanine (CpG) was identified in chordoma cell lines, resulting in the silencing of several tumor suppressor genes. Hyper/hypomethylation and acetylation of histones are also found in chordoma tissues. Finally, dysregulation of microRNA has been identified; putatively, abnormal expression of specific microRNAs could initiate chordoma and facilitate tumor progression and invasion.35–37

CLINICAL PRESENTATION

The clinical presentation of chordomas is variable and depends on the tumor location and its extension into adjacent structures. Chordomas that arise in the mobile spine, sacrococcygeal area, and skull base all have different presentations. Typically, the clinical presentation is insidious, and most patients present with localized disease. The most common sites of metastatic disease include the lung, bone, or soft tissues, and metastasis most often occurs in patients with large primary tumors.18 Metastatic disease can also occur late. One caveat is that the dedifferentiated variant typically has a more aggressive behavior and often presents with metastatic disease.

Spinal and Sacrococcygeal Tumor

The most common site of chordoma is S4–S5 in the sacrum. An early stage sacral chordoma can be asymptomatic or present with nonspecific pain. Patients usually experience deep pain upon tumor progression and more extensive destruction of bone. With later presentation, neurologic deficits such as weakness, paresthesias, neuropathic pain, cauda equina syndrome or bowel/bladder sphincter dysfunction can be present. Constipation can occur from rectal compression. Signs and symptoms of tumor arising in the mobile spine are similar to those for other spinal tumors. When extraosseous extension occurs, usually from the vertebral body posteriorly into the spinal canal or neural foramina, back pain, leg weakness, sensory deficit, radicular pain, abnormal deep tendon reflexes, and bowel bladder dysfunction can be present. Patients with cervical spine tumor can present with Horner syndrome due to tumor compression of the cervical sympathetic chain.1,12,14,38

Intracranial Tumor

Intracranial chordoma typically arises from the clivus. Headache and diplopia are the most common presenting symptoms in this situation. If the tumor extends superiorly, cavernous sinus syndrome can occur. Destructive skull base tumors can enlarge posteriorly leading to cranial neuropathies such as ophthalmopathy, trigeminal neuralgia, or facial numbness. Cerbrospinal fluid (CSF) rhinorrhea is less common. Epistaxis can occur if the tumor grows anteriorly into the nasopharynx.10,39,40 Intracranial hemorrhage, hypopituitarism, and pituitary apoplexy have also been reported.41

RADIOGRAPHIC FINDINGS

CT and MRI are useful to assess the location and extension of tumor. The morphologic and contrast enhancement pattern can discriminate chordomas from the benign bone lesions, such as notochordal remnants, hematomas, bone cysts, and malignant bone tumors.

317CT Scan With Contrast

CT is a highly sensitive and accurate imaging technique for bony lesions. Chordomas appear as a homogeneous mass isodense to adjacent soft tissue structures. In the contrast phase, the tumor develops heterogeneous enhancement. Calcification from bone sequestration or calcified tumor is a less common finding. These tumors are mostly central, are well circumscribed within expanded bone, and can have adjacent soft tissue extension. Bony destruction with marginal sclerosis is also common.10,42,43

MRI

MRI is preferred to assess soft tissue extension and neurovascular bundle involvement over CT scan but is less sensitive to detect calcification and bony osteolysis. On MRI, chordomas show low to intermediate signal intensity in T1-weighted sequences and a vivid hypersignal intensity in T2-weighted images. With gadolinium, the tumor shows heterogeneous intratumoral enhancement with a pathognomonic “honeycomb” appearance corresponding to a low signal intensity in noncontrast T1-weighted images. Some specific radiographic findings in chordomas include expansion of bone, trabeculation, and rarefaction.10,43–45

FDG-PET/CT

Little data is available on fluorodeoxyglucose (FDG)-PET in chordoma. Its role in tumor assessment, staging, and response evaluation is still to be defined.46 The accuracy of FDG-PET/CT for distinguishing between low-grade malignant bone tumor and benign tumors is still under investigation. Moreover, metastases smaller than 8 mm can cause false negative readings.47,48

DIAGNOSTIC APPROACH

The current National Comprehensive Cancer Network (NCCN) recommendations are that chordomas and other bone malignancies should be evaluated by a multidisciplinary team at a high-volume center. Differentiating chordomas from common bone diseases is a first step in management. Tissue diagnosis is required before proceeding with curative intent. Core-needle biopsies are preferred over fine-needle aspirates as they allow the pathologist a better evaluation of the tissue architecture and help to discriminate from other bone tumors. Naturally, the biopsy technique depends on the tumor location but should be discussed in detail with the multidisciplinary team who will manage the patient to avoid inappropriate biopsy approach that may compromise planned surgery and/or radiation. Spinal tumors are readily accessible via CT-guidance or open biopsy; CT-guided core biopsy is preferred to avoid spillage of tumor. Intracranial tumors may require an endoscopic biopsy.

PATHOLOGY

Chordomas are classified into four different variants: conventional, chondroid, dedifferentiated, and poorly differentiated.

Conventional variant is the most common subtype. Pathologic findings include lobules of cells arrange in cords and cohesive nests within a mucinous matrix. By immunohistochemistry, conventional chordomas typically express epithelial membrane antigen and epithelial markers. Most tumor cells are positive for S-100. Positive immunostaining for brachyury combined with cytokeratin provides a sensitivity and specificity of 98% to 100%.28,49

Chondroid variant is defined as the tumor containing an area of conventional chordoma next to a low-grade hyaline-type chondrosarcoma. Immunohistochemistry staining is often similar to the conventional subtype.50

Dedifferentiated variant is a very rare subtype reported in approximately 5% of cases.51 It contains a region of conventional chordoma with the areas of high-grade or poorly differentiated spindle cell sarcoma. Dedifferentiated chordomas can arise within de novo chordoma or change from the conventional type after recurrence or treatment. The tumor loses expression of brachyury and cytokeratin by immunohistochemistry. Dedifferentiated chordoma should be suspected in the cases of biopsy-proven conventional chordoma with aggressive clinical features.50

Poorly differentiated variant is a recently described subset of chordoma with an absence of INI1 (SNF5/SMARCB1) expression. It is prevalent in the pediatric population and has an aggressive clinical course.52
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Complete staging is recommended before definite treatment. CT imaging should be done to exclude distant metastasis to the common sites, such as the lung, soft tissue, and bone. MRI for screening of whole spine should be done because drop metastasis along the cerebrospinal axis can occur in skull base patients and other notochordal tumors, including synchronous chordoma, or benign notochordal tumors can be seen in some patients.53 Bone scans are considered a standard staging modality in malignant bone tumors.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis for a chordoma includes benign bone lesions, malignant bone tumors, and bone metastases. MRI findings of chondrosarcomas can be similar to those for chordomas, but chondrosarcomas are more commonly located in the thoracic spine rather than the sacrococcygeal region. Ring or arc calcifications are characteristic of chondrosarcoma, but not as common in chordomas.54 Giant cell tumors of bone can be found in the sacrum but on MRI, they possess more heterogeneous signal intensity on T2-weighted imaging without marginal sclerosis or calcification.55 The differential diagnosis of skull base tumors includes chondrosarcoma of the skull base, but this is usually located in the paramidline region.56 Pituitary macroadenomas mostly shows isodensity on T1-weighted and T2-weighted MRI with area of necrosis or hemorrhage.57 Notochordal hamartomas of the skull base have similar imaging findings to chordomas, but the presence of stalk-like lesions at the prepontine region are more suggestive of hamartomas than chordomas.58 Bony metastases often involve multiple sites, show varying enhancement, and decreased signal intensity on T1-weighted MRI.59,60 Lymphomas are also usually multifocal, but primary bone lymphomas should be ruled out as well; lymphomas typically will exhibit high FDG uptake on PET scans. Plasmacytomas can occur as solitary bone or paramidline masses in the spine, sacrococcygeal region, or skull base with classic punched-out lesions with an associated extraosseous mass concurrent with or without clinical findings consistent with multiple myeloma.61

Histologically, chordomas are difficult to differentiate from benign notochordal tumors. The chondroid-type chordoma can be misdiagnosed as chondrosarcoma, which is negative for cytokeratins and brachyury by immunostaining.50

PROGNOSTIC FACTORS

Properly validated prognostic factors for chordomas are limited by the rarity of this disease. The literature in this area mostly consists of retrospective analyses of clinical and molecular features of chordomas. Most studies in the literature are an amalgamation of cases from different primary locations, surgical approaches, rate of clear surgical margins, and varying adjuvant radiation doses. Several of these retrospective analyses revealed that tumor size, location of primary tumor, demographic data, and surgical margin are important prognostic factors. The analysis of the California Cancer Registry Database4 identified that in 409 chordoma patients, larger tumors were independently associated with a 2.5-fold increased risk of death. Hispanic race, high socioeconomic status, and patients undergoing surgery were reported to have a favorable outcome. The primary tumor location was not correlated with survival. Other studies have indicated that the location of primary tumor could impact survival as different locations place limits on the extent and type of surgeries that can be done. The 5-year OS in patients with intracranial primaries (67%–78%) was shorter than spinal primaries (90%–92%).4,62–65 The negative surgical margin (R0 resection) was an independent favorable prognostic factor compared to incomplete surgery, in line with most bone and soft tissue sarcoma series.62

Molecular prognostic markers have been analyzed to correlate the molecular profiles with recurrence of disease and survival. The expression of brachyury and increased copy number gain of 1q or 2p of T-gene were associated with significant shorter disease-free survival (DFS) and OS.66,67 MGMT promoter methylation was found to have a higher recurrent rate of clival chordoma compare to unmethylated tumor.68 The overexpression of p53 or CDK4 significantly correlated with poor OS.67 Homozygous 9p21 deletions and 1p36 deletions were found to be independent prognostic factors in clival chordoma.69
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The foundation of treatment for a chordoma is radical resection. The approach to each patient is individualized, but the goal should be to achieve negative margins with minimal surgical morbidity. However, this needs to be balanced with the fact that chordomas are usually deeply located and are locally invasive, so margin negativity need not be achieved if significant morbidity would result. Adjuvant radiation is also included in the NCCN guidelines. Radiation alone without surgery is associated with an inferior outcome compared to some surgical series, although this option may be chosen by some patients with upper sacral and cervical chordomas who are neurologically intact and might choose a lower rate of local control and avoidance of potential acute surgical morbidity Some radiation alone series, in fact, show better outcome than the frequently used paradigm of surgery and postoperative radiation, although the use of preoperative radiation as a component of high-dose proton-based radiation appears to be better than either definitive radiation or surgery with postoperative radiation.16,17,19,20,70 There is no current data for effective adjuvant systemic treatment. Systemic treatment should be considered for patients with recurrent or disseminated disease or in the setting of a clinical trial.

SURGERY

Spinal and Sacrococcygeal Tumor

Several studies support a survival advantage with adequate surgery.13–15 A retrospective study of 501 patients demonstrated a significantly longer DFS after wide excision than marginal resection (75% vs. 33%).13 The surgical margin was regarded to be the most important prognostic factor and the majority of the patients with negative surgical margin remained disease-free long-term. On the contrary, all of the patients who underwent intralesional excision or inadequate dose radiation alone had recurrent disease within 2 years.14 More recent data have reported a 92% 5-year OS after surgery with significant longer DFS among patients with R0 resection.62 Recent data for definite radiation with high dose proton-based radiation therapy (RT) for unresected chordomas, primarily sacrococcygeal, reported 5-year local control of 85%.20 Similar efficacy has been reported for carbon ion radiotherapy for unresected sacral chordoma.71 An ongoing single-institution Phase II trial (ISAC/NCT01811394) being conducted in Heidelberg, Germany, randomizes patients with sacral chordoma (either unresected or following R2 resection) to scanned proton versus carbon ion RT, treating to 64 GyRBE in 16 fractions.

Skull Base/Intracranial Tumor

Intracranial chordomas are a technically challenging problem. Although radical resections provide long-term survival, surgical complications including neurologic morbidity and bleeding must be weighed against radicality of the surgical approach. Surgical complications that have been reported include cranial nerve palsy, swallowing dysfunction, intracranial hematoma, CSF leakage, hydrocephalus, and infection with an overall complication rate of approximately 10% to 25%. Only a small number of fatal complications have been reported in the literature.15,64,65,72,73 At the moment, surgical techniques for skull-based tumors vary according to tumor location, surgical expertise, and institutional preference.

Radiation

The local recurrence rate has been reported to be as high as 40% to 50% with radical surgery for chordomas.14,15,64,72 Effective RT may have a role to eradicate microscopic disease and diminish recurrence rate, although it is still not known how to best select patients for RT. Biologically, chordomas are relatively radioresistant tumors. Conventional doses of x-ray therapy are not felt to be effective and in general, high doses of radiation are used in the adjuvant setting. A systematic review reported the efficacy and safety of adjuvant RT in the patient with spinal and sacral chordoma.74 The study by Zabel-du Bois et al. demonstrated the patients receiving intensity-modulated photon-beam radiation (IMRT) dose over 60 Gy had a significant lower rate of local recurrence and improved OS compared to doses below 60 Gy.75 A prospective Phase II study by DeLaney et al. reported 5-year local control rate with combination adjuvant photon/proton radiotherapy was 94% at the median radiation dose of 76 cobalt Gy equivalent.76 Timing of adjuvant radiation may affect the local recurrence rate. One retrospective study found 5-year local control rate was 88% in early radiation group compared with 9% in the patients who received radiation for salvage or recurrence disease.77

High-dose single or hypofractionated RT has also been reported to be effective for this relatively radioresistant tumor. A study by Yamada et al. revealed the 2-year local control rate of 95% of adjuvant 320single fraction RT with median dose 2,400 cGy.78 However, delivery of high-dose photon beam can cause increased toxicity to surrounding tissues. Studies of proton beam therapy were conducted to allow a higher radiation dose to the target volume with minimized doses to surrounding structures. DeLaney et al. demonstrated that the local control rate among 36 patients with primary spine sarcomas, including chordoma, was 88% at 8 years with median radiation dose of 76.6 Gy. Recurrence occurred in only one of 23 patients with primary chordomas treated with adjuvant, neoadjuvant, or definitive high-dose proton/photon radiation.76 However, surgical hardware can potentially affect the accuracy of the proton dose to the target volume. Several studies reported a higher 5-year local recurrence rate in the patients who had titanium-based stabilization hardware.76,79 Heavy ion particle radiation may have higher biologic effectiveness because of higher linear energy transfer along the particle track, resulting in denser DNA damage, more double-stranded DNA breaks, and greater effectiveness against hypoxic cells. Studies with carbon ions report local control of 85% to 89% at 2 to 5 years.71,80

In patient with intracranial chordomas, the benefit of adjuvant radiation remains unclear. Retrospective studies by Choy et al. revealed that adjuvant RT improved 5-year local control from 20% to 62% in patients with subtotal resection of clival chordoma.81 Another study showed the 4-year local control rate of 56% with adjuvant photon/proton radiation at median dose of 67 Gy.82

The toxicities of RT depend on the location and kind of radiation treatment (that is, particle vs. photon). Acutely, these may include fatigue, mucositis, and diarrhea. Late bowel–bladder dysfunction related to cauda equina or sacral nerve injury and other kinds of neurotoxicity, while possible, are uncommon in the modern treatment era. DeLaney et al. reported no nerve injuries among 25 patients treated in the adjuvant radiation setting with median dose of 70.2 Gy and four nerve injuries (two grade 3 sacral neuropathies and two others [grade 2 in one and grade 3 in the other]) and erectile dysfunction among 25 patients with gross disease after surgery or biopsy, treated to 77.4 Gy, many of whom had upper sacral tumors, where resection would have resulted in 100% chance of nerve injury.76 Other potential late effects of radiation include sacral insufficiency fracture, rectal bleeding, pituitary dysfunction, and (rare) radiation associated secondary malignancy.

FOLLOW-UP AND SURVEILLANCE

The 2019 NCCN guidelines for surveillance after treatment of chordoma include history and physical examination every 6 months out to 5 years and then annually. Surveillance chest imaging is recommended every 6 months and may include an annual CT for 5 years and annually thereafter, but there may be some variations in practice among different institutions. Imaging of primary site includes x-ray studies or MRI as clinically indicated.

MANAGEMENT OF DISEASE RECURRENCE

Loco-Regional Treatment

The most common site of recurrence is in the loco-regional area. According to the best practice for management of loco-regionally recurrent chordoma by the Global Consensus Group, salvage resection should aim to achieve gross total removal with negative margins. The success rate of re-resection varies among retrospective analyses ranging from 32% to 100%. The 5-year OS depends on the quality of surgery with or without radiation, but it is uniformly acknowledged to be less successful than that achieved at the time of initial treatment.70 Adjuvant radiation is recommended in patients without prior RT. In the patient with no prior RT, high-dose radiation with curative intent as an alternative to surgery or combined with maximal tumor resection or RT alone is indicated. No direct comparison data exist to determine the advantage of single versus combined treatment modality in this setting. A retrospective data report noted the impact of high-dose proton/photon beam RT on recurrent tumor; the 5-year DFS was 43% and 25% with surgery and nonsurgery, respectively.16

In patients with recurrence disease after primary adjuvant radiation, reirradiation can cause dose-limiting toxicity to adjacent organs. Reirradiation can be considered if the projected radiation dose to target volume is judged adequate for disease control with an acceptable risk toxicity. McDonald et al. reported proton reirradiation of 13 patients with an estimated 2-year rate of local control of 85%, although late toxicity included grade 3 bitemporal lobe radionecrosis in one patient that improved with hyperbaric oxygen, a grade 4 CSF leak with meningitis in one patient, and a grade 4 ischemic brainstem stroke (out of radiation field) in one patient, with subsequent neurologic recovery.83 If definitive 321radiation and/or surgery is judged not feasible, palliative radiation or palliative surgery followed by radiation for symptom alleviation is reasonable.

Systemic Treatment

For patients with locally advanced disease or distant metastasis who are not candidates for loco-regional treatment, systemic therapy is indicated, although the timing for systemic therapy must be carefully considered, because curative therapy is not currently available and patients, particularly with metastatic disease, are often asymptomatic and there is often an initially indolent rate of growth. Because growth is often indolent, clinicians and patients may have the luxury to delay treatment until patients have clearly measurable disease to assess the effectiveness of any therapy as well as the opportunity to investigate and participate in available clinical trials that can generally be accessed through the clinicaltrials.gov website. As noted below, “response” assessment in chordoma may be a challenge because of the often indolent rate of tumor growth, and “activity” may be manifested only in a change in tumor growth kinetics, including cessation of growth.

The time from diagnosis to metastasis was reported in one series to range from 0.2 to 13 years.84 The median OS from diagnosis of metastasis to death was 22.1 months regardless of treatment modality.21 The rationale for the choice of systemic may be based on the molecular characteristics of chordomas. Conventional chordomas are generally insensitive to cytotoxic chemotherapy. However, a single Phase II study by Chugh et al. using 9-nitro-camptothecin in 15 advanced chordoma patients reported a median time to tumor progression of 9.9 weeks and objective response rate of 7%.85 A case series by Dhall et al. showed four patients with durable disease control for 9 to 13 years after subtotal resection of conventional clival chordoma followed by ifosfamide plus etoposide.86 Fleming et al. showed a complete response in a dedifferentiated chordoma patient with lung metastasis using a six-drug regimen of etoposide, cisplatin, vincristine, dacarbazine, cyclophosphamide without recurrence with 24 months of follow up.87 Several cases reports using multiple drugs including carboplatin/paclitaxel, liposomal doxorubicin/thalidomide, and VAC/IE (vincristine, doxorubicin, cyclophosphamide, followed by ifosfamide and etoposide) had a durable response (complete or partial response) up to 12 months.88–90

Discovery of oncogenic tyrosine kinase receptor pathways led to the development of clinical trials of targeted therapy. VEGFR, PDGFR, c-KIT, or MTOR pathways have been implicated in chordoma oncogenesis, which can be targeted by various TKIs. Imatinib, a multi-kinase inhibitor, has the most promising clinical activity for metastatic chordoma. A prospective Phase II study was conducted by Stacchiotti et al. using imatinib 400 mg twice daily in 56 patients with PDGFR/PDGR positive tumors. The objective response rate was only 2%, but the disease stabilization rate was 72%. The median PFS was 9.2 months and the median OS was 34.9 months.23 Another prospective study using dual blockade with imatinib plus everolimus was recently published and included 43 patients with progressive imatinib-pretreated advanced chordomas. The data showed a clinical benefit rate (patients responding or demonstrating absence of growth) of 88%. The median PFS was 14 months and the median OS was 47 months.91 This clinical data indicate that imatinib should be considered as a possible first-line systemic option for advanced/unresectable disease. In addition, epidermal growth factor receptor (EGFR) and HER-2 expression was found to be a predictive biomarker for the use of EGFR targeting TKIs. The efficacy of lapatinib was reported in a Phase II prospective trial of 18 imatinib-pretreated patients who had EGFR overexpression tumor. Lapatinib at a dose of 1,500 mg/day offered a disease control rate of 72%24 (Tables 24.1 and 24.2).
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Immunotherapy

Currently, the use of immunotherapy is in its infancy. The rationale of using immunotherapy for metastatic chordoma is based on preclinical and clinical data. The abundant of matrix surrounding tumor cells can retard the delivery of systemic drug into chordoma cells. Mathios et al. reported upregulation of PD-1 and PD-L1 in chordoma cell lines by activating tumor-specific cytokines that provided the rationale for use of a PD-L1 inhibitor for chordoma treatment.92 In clinical data, the prevalence of PD-L1 expression in chordoma is higher than 90%.93 Several case reports of using nivolumab and pembrolizumab in imatinib-resistant chordoma demonstrate clinical benefit with disease control of 6 to 9 months.94 Prospective studies of immune checkpoint inhibitors in chordoma are ongoing. Lastly, vaccines have been developed against brachyury, which is nearly uniformly expressed in chordomas. The goal of this approach is to develop a chordoma-specific immune response and trials using this approach are also ongoing at this time.95–97

SUMMARY

Chordomas, because of their rarity; curability with complex surgery performed by experienced surgeons; relative radiation resistance requiring high-tech, high-dose radiation in close proximity to the brain, spinal cord, spinal/sacral nerves, and/or other critical normal tissues; and subtle and variable responses to systemic therapies, should be managed by multidisciplinary teams at high volume tertiary care centers. Radical surgery is the standard treatment for localized chordoma. Adjuvant or neoadjuvant radiation is recommended because of the high recurrence rate, especially in the patients with positive surgical margins. High-dose radiation alone or with decompressive surgery that does not violate tumor capsule is indicated if curative surgery is not feasible. Re-resection remains a modestly effective approach for some patients with recurrent disease. RT for locally recurrent tumor is an option in the radiation-naïve patient or the patient with disease judged to be amenable to reirradiation with acceptable risk of toxicity to adjacent normal tissues. Targeted therapy for locally advanced or metastatic disease is effective for tumor stabilization but has a low response rate using standard response evaluation criteria in solid tumors (RECIST). Novel targeted drugs and immunotherapy remain under investigation in preclinical and clinical studies. Progress in treatment will be facilitated by enrollment of eligible patients into available clinical trials. It should be mentioned that there is a Chordoma Foundation that has provided excellent resources for chordoma patients, their families, clinicians, and researchers.

 





CASE STUDY

A 46-year-old woman, without significant medical history, presented with progressive occipital headaches radiating to her jaws, teeth, and posterior neck in a bilateral fashion that began in March 2017. She denied associated dysphagia, odynophagia, hemoptysis, voice changes, or visual changes. She had both an MRI and a CT angiogram of the head and neck, which showed a destructive lesion centered in the inferior clivus extending to the odontoid process and bilateral 323occipital condyles. The mass breached the posterior cortex of the clivus with soft tissue extension into the premedullary cistern and impinged upon the proximal basilar artery. A CT scan of the chest showed no evidence of pulmonary metastasis. Nasal endoscopy with clival mass biopsy in November 2017 revealed a proliferation of cells in a lobulated and chord-like growth pattern separated by fibrous tissues and myxoid stroma. The cells had a vacuolated (physaliferous) eosinophilic cytoplasm with hyperchromatic pleomorphic nuclei and conspicuous nucleoli with positive immunohistochemical staining for brachyury, epithelial membrane antigen (EMA), pankeratin, and S-100 in tumor nuclei compatible with chordoma. Her case was discussed at a multidisciplinary sarcoma tumor board and, given the potential morbidity of surgery and RT, she initially received imatinib 400 mg twice daily with gradual improvement of her neck pain. The following MRI demonstrated a decrease in size of chordoma, for example, the prepontine cistern component decreased from 13 × 27 mm to 8 × 14 mm. After 17 months of treatment, MRI demonstrated increased size of the clival mass, particularly the component extending into the prepontine cistern. The lesion impinged on the basilar artery and ventral surface of the pons. She was evaluated by neurosurgery and radiation oncology and was advised about potential clinical trials. She elected to participate in an immunotherapy trial for chordoma of nivolumab and relatlimab for this disease. She noted an improvement of headache symptoms after cycle 1. Unfortunately, after cycle 2, she complained of worsening headache, double vision, facial pain, and positive signs of increased intracranial pressure. A restaging MRI showed an interval increase in the size of her clival tumor, which encased the cavernous and petrous internal carotid artery (ICA) and progressive mass effect on the brainstem. Immunotherapy was discontinued because of clinical and radiologic disease progression. Craniotomy with subtotal tumor resection was performed because of the mass effect. The following endoscopic endonasal transclival transsphenoidal resection of clival chordoma with complex reconstruction of skull base was done to maximize tumor removal. The patient reported that her double vision, facial pain, and migraine-like headache resolved following surgery. Recent skull base CT scan 8 weeks after the initial surgery revealed stable residual postsurgical changes for debulking of skull base tumor.

In summary, this patient had a 17-month duration of disease control by imatinib, which was longer than the average benefit noted in the literature. Whether immunotherapy could be a potential therapy for unresectable/advanced chordoma continues to be aggressively investigated. Long-term follow-up is needed to assess the outcome of maximum tumor removal. She is currently being evaluated for adjuvant RT. Future therapeutic options for this patient include proton therapy, brachyury vaccine trials, and other systemic agents.
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Myxoid liposarcoma (MLS) accounts for about 30% to 35% of liposarcomas and approximately 10% of all adult soft tissue sarcomas. According to the most recent World Health Organization classification, MLS can be morphologically divided into high and low grades. MLS has a peculiar natural history: In contrast with other sarcoma subtypes, which primarily metastasize to the lung, MLS tends to spread to serosal membranes, the abdominal cavity, soft tissues, and bone. Regarding the treatment of this histotype, the mainstay for localized disease is surgery, alone or in combination with radiation therapy. Chemotherapy is used in patients with unresectable advanced disease. When recurrence develops, surgery is an option, although the appropriate candidates must be carefully selected. Multimodality therapy is frequently used in these situations. For patients with unresectable and/or metastatic disease, the systemic therapy option is chemotherapy. This chapter reviews diagnostic approach and common anatomic location of primary MLS, as well as therapeutic approach for metastatic disease.
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INTRODUCTION

Myxoid liposarcoma (MLS) accounts for about 30% to 35% of liposarcomas and approximately 10% of all adult soft tissue sarcomas (STSs). According to the most recent WHO classification, MLS can be morphologically divided into high and low grades. The degree of aggressiveness depends on the percentage of the hypercellular component within the tumor.1,2 These neoplasms harbor two characteristic chromosomal translocations, namely a t(12;16)(q13; p11), resulting in the fusion of TLS–DDTI3 genes, and a rarer t(12;22)(q13;q12), resulting in the fusion of EWS and DDTI3 (Figure 25.1).

So far, different molecular variants of the TLS–DDIT3 fusion have been described, although with an undefined impact on clinical outcome.3,4 MLS has a peculiar natural history: in contrast with other sarcoma subtypes, which primarily metastasize to the lung, they tend to spread to serosal membranes, the abdominal cavity, soft tissues, and bone.5 Regarding the treatment of this histotype, the mainstay for localized disease is surgery, alone or in combination with radiation therapy (RT). Unfortunately, despite adequate local treatment, approximately 40% of patients relapse, and median survival following first documented metastasis is about 2 years.6 Chemotherapy is used in patients with unresectable advanced disease.7–9 A higher sensitivity to standard chemotherapy and RT compared to the other STS histologic types has been suggested, but long-term tumor control is far from optimal.10,11

When recurrence develops, surgery is an option, although the appropriate candidates must be carefully selected. Multimodality therapy is frequently used in these situations.

For patients with unresectable and/or metastatic disease, the systemic therapy option is chemotherapy. Several newer drugs including immunotherapy are under investigation.

MLS is a young adult disease, with the age at presentation on average a decade younger than that for the other histologic subtypes of liposarcoma. It has a peak of incidence in the fourth and fifth decades of life, and although very rare, it is the commonest form of liposarcoma in patients younger than 20 years of age. There is no gender predilection.2

MOST COMMON PRESENTING SYMPTOMS

MLS typically occurs as a large painless mass within the deep soft tissues of the limbs while, in contrast with the well-differentiated group, the retroperitoneal location seems to be exceptional.2

A diagnosis of primary MLS in the retroperitoneum should be regarded with suspicion, as most such cases represent either metastatic MLS or well-differentiated/dedifferentiated liposarcoma with myxoid stromal change. Metastatic sites that could cause presenting symptoms include bone (pain or fracture), lung (dyspnea), and fatty tissue (peritoneal, pericardiac, paratracheal, etc).

DIAGNOSTIC APPROACH

Accurate diagnosis of MLS including tumors arising in the extremity and trunk, usually consists of MRI. However, there are pitfalls, and expertise from a radiologist familiar with the disease is critical.

For patients with suspected or confirmed MLS, staging should be done with a contrast-enhanced chest and abdomen CT scan and MRI of the vertebral column, as bone, mediastinum, and abdominal 330cavity are the most common metastatic sites.6 The roles of PET or whole-body MRI remain to be determined. MLS indeed may or may not have a metabolic activity on PET scan and whether this correlates with disease aggressiveness is currently under investigation. Whole-body MRI may detect earlier metastatic disease, particularly to the bone. However, the impact of early metastases detection is far from being demonstrated as critical for cure.
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FIGURE 25.1  Specific chromosomal translocations of myxoid liposarcomas.

CHOP/DDIT3, fusion gene; FUS/TLS, gene; EWS, gene.





Ultimately, to establish a diagnosis, the gold standard is histologic examination of tumor tissue. In the preoperative setting, tissue is most commonly obtained through core-needle biopsy. In the past, MLS was separated from round cell liposarcoma (RCL); however, strong morphologic as well as genetic data have led to the classification of myxoid and RCL together as part of a morphologic continuum, which includes hypercellular neoplasms composed of oval to round neoplastic cells. Cytogenetics and molecular genetics have greatly contributed to such a conceptual reappraisal by demonstrating that both myxoid and RCLs contain the same genetic abnormalities (that is, balanced translocations), most commonly t(12;16)(q13;p11), which fuses the DDIT3 (CHOP) gene on 12q13 with the FUS (TLS) gene on 16p11.2

The classic myxoid variant shows low cellularity, conspicuous vascular network, and myxoid stroma, whereas the cellular variant shows high cellularity, made up of closely packed roundish cells, little or no intervening stroma, and a capillary pattern not easily visualized. Diagnosis of a high-grade variant requires the presence of a cellular component exceeding 5%.1 This amount is of prognostic relevance because within the myxoid liposarcoma (MLS) spectrum, the 5-year survival rate varies between 20% and 70%, and the cellular variant falls in the shortest survival time. However, the 5% cutoff is far from being perfect to distinguish two separate entities and may lead to under- or overestimation of risk. The risk increases continuously with the rate of hypercellularity rather than by a binary classification. In summary, the higher the cellularity, the greater the risk of recurrence, metastasis, and death.

As the extent of hypercellularity predicts the risk of metastatic spread, extensive sampling of the surgical specimen is critical. Microscopically, pure MLS is remarkably hypocellular, featuring a bland spindle cell proliferation set in an abundant myxoid background. Lipoblasts are most often monovacuolated and tend to cluster around vessels or at the periphery of the lesion. The most helpful morphologic clue is the presence of a thin-walled, capillary-sized vascular network, organized in a distinctive plexiform pattern. High-grade MLS (formerly RCL) is defined by the presence of hypercellularity. Adipocytic differentiation in pure RCL is rarely appreciable, but in such circumstances the presence of S-100 immunopositivity may be diagnostically helpful.2

MLS is characterized by two main karyotypic aberrations: more than 95% of cases carry a specific t(12;16)(q13;p11), which fuses the DDIT3 (CHOP) gene on 12q13 (a member of the CCAAT/enhancer binding protein family involved in adipocyte differentiation), with the FUS (TLS) gene on 16p11. Approximately 5% of MLSs harbor a t(12;22) (q13;q12), which fuses DDIT3 with EWSR1 on 22q12. PIK3CA mutations have also been detected in a subset of cases; this may represent a valuable additional target for future molecularly driven therapies.12
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FIGURE 25.2  Case example of high-grade myxoid liposarcoma treated with five cycles of epirubicin and ifosfamide and concomitant radiation therapy. The pathologic specimen after the surgery showed a complete pathologic response. (A) MRI of a high-grade myxoid liposarcoma, (B) MRI with a radiological response, (C) pathologic specimen after surgery.





COMMON ANATOMIC LOCATION OF PRIMARY MLS

MLS occurs with predilection in the deep soft tissues of the extremities, and in more than two-thirds of cases arises within the musculature of the thigh. MLS rarely arises primarily in the retroperitoneum or in subcutaneous tissue. Surgery is the mainstay of treatment in patients with localized disease, alone or in combination with RT. To optimize local control, RT eventually in combination with systemic chemotherapy given before surgery may be of benefit, in order to obtain a cytoreduction and to improve the prognosis.6 In particular, it has been repeatedly observed that the presence of hypercellularity or round cell differentiation is associated with worsening of prognosis. The 90% 5-year survival rate of MLS decreases to 20% for patients with RCLs.6 Thus, for patients with high-grade MLS, even after complete resection, there remains a high risk for recurrence and death. Therefore, high-grade MLS may benefit from the above-mentioned multimodality treatment, either before or after surgery7 (Figure 25.2).

Overall, the utility of systemic treatment and the sequence of therapy for each patient with MLS should be discussed within a multidisciplinary conference at a sarcoma reference center. Neoadjuvant therapy (RT and/or systemic treatment) may facilitate resectability in borderline cases, especially if tumor shrinkage can be achieved and improve the prognosis. Neoadjuvant combined chemotherapy-RT has been extensively explored in localized STS. A recent randomized trial showed a benefit of neoadjuvant anthracycline and ifosfamide doublet (AI) versus a histology-driven chemotherapy in terms of overall survival (OS) and recurrence-free survival (RFS), thus pointing to efficacy of neoadjuvant treatment as such in a subset of STS. In the MLS stratum of this trial, the interim analysis showed the noninferiority of trabectedin, with a much better toxicity profile. This study is still recruiting in the MLS stratum and is expected to complete the accrual in a year.13 Trabectedin was recently shown also to be combinable with RT in patients affected by locally advanced MLS, with promising results.14 If trabectedin proves to be equivalent to AI, its use alone or in combination to RT may well become the preferred approach in treatment of localized high-risk MLS.

RECOMMENDED FOLLOW-UP

Given the risk of recurrence, close surveillance is important in patients with MLS. Although consensus recommendations (National Comprehensive Cancer Network [NCCN], European Society of Medical 332Oncology [ESMO]) exist for surveillance in STSs in general, there are no validated guidelines specific for MLS.15 Most sarcoma centers recommend initial contrast-enhanced CT of the chest and abdomen at 3 to 4 months after surgery, and every 4 to 6 months for at least 2 to 3 years and up to 5 years. A similar schedule of interval imaging should be followed with contrast-enhanced MRI. Whole-body MRI has been suggested as an alternative, to offer patients to be staged with a single modality, without radiation exposure, and with high sensitivity in detecting recurrences of this disease at all sites, including bone. For superficial tumors, ultimately MRI may be replaced with ultrasound imaging. Surveillance should be modified based on personalized risk and anticipated pattern of recurrence. Late recurrences can occur, particularly in low-grade MLS.

When recurrence develops (usually detected by surveillance imaging), decision-making and overall management can be complex and multimodality therapy is frequently used. Surgery is always considered and is ultimately performed in most patients with a localized recurrence. Currently, there are no laboratory tests that are useful to detect recurrence in MLS.

PROPENSITY TO METASTASIZE

MLS is prone to recur locally, and one-third of patients develop distant metastases, but the probability of developing distant metastases depends on the histologic grade. In contrast to other types of liposarcoma or other sarcomas of the extremities, MLS tends to metastasize to unusual soft tissue (such as retroperitoneum, opposite extremity, axilla, etc.) or bone (with predilection to spine) locations, even before spread to the lung.5 In a significant number of cases, MLS patients present clinically with synchronous or metachronous multifocal disease. This unusual clinical phenomenon most likely represents a pattern of hematogenous metastases to other sites by tumor cells seemingly incompetent to seed the lungs. The extent of hypercellularity predicts the risk of metastatic spread.

THERAPEUTIC APPROACH FOR METASTATIC DISEASE

Treatment options for patients with unresectable and metastatic disease are limited. In STS in general, front-line treatment for unresectable/metastatic disease is usually systemic therapy with doxorubicin, alone or in combination with ifosfamide, with a reported objective response rate (ORR) in the range of 20% to 40%.7–9 The combination of doxorubicin and ifosfamide is superior to doxorubicin alone.

MLSs are known to be particularly sensitive to chemotherapy compared with other STSs,9,10 especially to anthracycline-based combinations and trabectedin. The response rates to the front-line combination of an anthracycline and ifosfamide is approximately 65%. On the other hand, the expected response rate of MLS to trabectedin, approved for second-line therapy, is around 80%, with a mechanism of action thought to be due to binding to the fusion transcript and target genes.16–19

The extra activity of trabectedin in MLS was observed quite late in the development of the drug in sarcomas. In 2007, we were able to report on 51 patients with MLS who had been treated on a compassionate basis at five institutions in Europe and the United States. In this series of MLS, the response rate according to dimensional criteria was approximately 50%, and the 6-month PFS was about 80%.20 Thus, the drug showed a major antitumor impact, in a heavily pretreated patient population, which was substantially different from what observed in other STS, including the most sensitive leiomyosarcoma and well-differentiated/dedifferentiated liposarcoma. At a longer follow-up, we updated this series regarding the subgroup of 32 patients treated in Milan. The median PFS was confirmed to be prolonged, that is, 17 months. Treatment was continued for a long time in several patients. Indeed, long progression-free intervals were observed also in patients who discontinued their treatment with trabectedin after achieving an objective response or stable disease. When they progressed, a re-challenge with trabectedin induced further responses, with relatively long progression-free intervals.21 Some patients underwent surgery of residual disease, following the practice of surgery of extrapulmonary metastases in low-grade MLS, given the relatively indolent course of disease. However, the added value of metastasectomy is doubtful when the medical therapy has been ineffective.

An intriguing clinical observation was that tumor responses could be nondimensional initially, before giving rise to tumor shrinkage at a later time. The hallmark in these cases is a decrease in tumor contrast enhancement and radiodensity.21 Fortunately, the sarcoma clinical community had learned the lesson deriving from gastrointestinal stromal tumors (GISTs) treated with targeted therapies, so we were ready to appreciate this type of response.22,23 Clinicians should be aware of this pattern of tumor 333response in MLS, to avoid mistakes. However, this also led us to suspect that a different mechanism of action could be in place, in other words that such a pattern of tumor response, which we are used to observe with molecularly targeted therapies, could point to a kind of “targeted” mechanism of action also for a chemotherapeutic agent like trabectedin.

Preclinical studies performed in an MLS cell line indicate that trabectedin modulates transcription, presumably interfering with transcription factors that are deregulated in some sarcomas. In particular, MLSs are marked by the fusion gene FUS-CHOP. In the presence of trabectedin, it is transcribed normally, but is not able to activate the transcription of target genes. Thus, the mechanism of action of trabectedin is highly selective, with a depression in the expression of genes that are crucial for the late phase of adipocytic differentiation.24

Recently, another marine-derived drug, eribulin, was shown to be effective in metastatic adipocytic sarcomas, with a significant improvement in OS, which led to its approval by the U.S. Food and Drug Administration (FDA) and the European Medicines Agency (EMA).25–27 However, its activity in MLS compared to pleomorphic and well-differentiated/dedifferentiated liposarcoma is still not defined. No other agents commonly used for treatment of advanced STS (e.g., gemcitabine, dacarbazine, and pazopanib) have been demonstrated to be active in MLS.

Continuous infusion, high-dose ifosfamide (icHDIFX), which is another treatment option active in advanced well-differentiated/dedifferentiated liposarcoma patients, seems not to be active in MLS.28

In conclusion, the more active drugs for advanced MLS are anthracyclines-based regimens (usually ifosfamide) and trabectedin.

Other treatment options are under investigation, including immunotherapy such as checkpoint inhibitors and cellular therapy. Indeed, most patients with MLS have homogeneous expression of the highly immunogenic tumor-associated antigen NY-ESO-1 or MAGE. Furthermore, while these patients have rare NY-ESO-1 or MAGE-specific T cells circulating in their blood, they lack a robust inflammatory response and generally have relatively few T cells infiltrating the tumor.29 Agents and strategies with the ability to induce a robust endogenous tumor-specific T-cell population have the potential to dramatically activate the immune response against this neoplasm and are under investigation.

SUMMARY

In conclusion, MLS comprises a spectrum of disease with a spectrum of aggressivity that parallels the percent cellular component. Localized disease, especially for high-grade MLS, requires a multidisciplinary approach as the combination of RT and chemotherapy are recommended in the preoperative setting. The exceptional activity of trabectedin in this neoplasm encourages exploration of the efficacy of the drug in first line and in the preoperative setting. Unfortunately, up to now, even if MLS seems to be sensitive to chemotherapy, no other options are active in the advanced setting beyond the use of anthracycline-based combinations (usually ifosfamide) and trabectedin. Treatment options using adaptive immunotherapy look promising and are under investigation.

 





CASE STUDY

A 46-year-old man presented with a posteromedial lesion of the right thigh rapidly growing in the past 4 months (Figure 25.3). The staging chest and abdomen CT scan did not show evidence of distant metastatic disease.

A core-needle biopsy was performed. The pathology was consistent with classic MLS. Thus, the lesion was completely surgically resected. The final pathology was diagnostic for MLS (round cell 40%). Therefore, given the high risk of distant metastatic disease, the decision was made to give postoperative systemic therapy, which consisted of doxorubicin and ifosfamide for five cycles and concomitant RT (50 Gy).

The patient has since been under surveillance with chest and abdomen CT scan, and clinic visits every 3 months.

One year later, the CT scan revealed a pelvic relapse. Patient started a systemic treatment with trabectedin 1.3 mg/m2 that he continued for 17 cycles with a partial response (Figure 25.4).
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FIGURE 25.3  Clinical presentation of posteromedial lesion of the right thigh.
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FIGURE 25.4  Radiologic response: (A) basal at relapse, (B) after 10 cycles, (C) after 17 cycles.
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FIGURE 25.5  Changes in pathological specimens before and after trabectedin treatment with the regression of both cellular and vascular component after chemotherapy and the presence of mature component and coagulative necrosis. Before trabectedin: (A) cellular component 40%, (B) mature lipoblasts featuring cells 5%. After trabectedin: (C) cellular and vascular depletion 10%, (D) mature lipoblast featuring cell 30%, (E) necrosis 60%.
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FIGURE 25.6  Radiologic response: (A) basal at relapse, (B) after five cycles, (C) after nine cycles.





Then, the case was discussed at multidisciplinary sarcoma tumor board and it was decided to surgically remove the single metastatic lesion.

The pathologic examination revealed a pathologic response to treatment with regression of both cellular and vascular component <90%, presence of mature component and coagulative necrosis (Figure 25.5).

After 3 years under surveillance, the patient presented again with abdominal/pelvic multifocal relapse, so we resumed chemotherapy with trabectedin. He did 27 additional cycles, obtaining a decrease in density shown at CT scan associated with a subsequent dimensional response (Figure 25.6).

After a total of 50 cycles of trabectedin, the patient progressed. The subsequent rapid deterioration of his general condition constrained us not to administer further lines of therapy.






 







REFERENCES

  1.  Fletcher CDM, Bridge JA, Hogendoorn P, Mertens F, eds. World Health Organization Classification of Tumours. Pathology and Genetics of Tumours of Soft Tissue and Bone. Paris, France: IARC Press; 2013.

  2.  Dei Tos AP. Liposarcomas: diagnostic pitfalls and new insights. Histopathology. 2014;64(1):38–52. doi:10.1111/his.12311

  3.  Panagopoulos I, Mertens F, Isaksson M, Mandahl N. A novel FUS/CHOP chimera in MLS. Biochem Biophys Res Commun. 2000;279(3):838–845. doi:10.1006/bbrc.2000.4026

  4.  Antonescu CR, Elahi A, Healey JH, et al. Monoclonality of multifocal myxoid liposarcoma: confirmation by analysis of TLS-CHOP or EWS-CHOP rearrangements. Clin Cancer Res. 2000;6(7):2788–2793. https://clincancerres.aacrjournals.org/content/6/7/2788.full-text.pdf

  5.  Spillane AJ, Fisher C, Thomas JM. Myxoid liposarcoma—the frequency and the natural history of nonpulmonary soft tissue metastases. Ann Surg Oncol. 1999;6(4):389–394. doi:10.1007/s10434-999-0389-5

  6.  Fiore M, Grosso F, Lo Vullo S, et al. Myxoid/round cell and pleomorphic liposarcomas: prognostic factors and survival in a series of patients treated at a single institution. Cancer. 2007;109(12):2522–2531. doi:10.1002/cncr.22720

  7.  Singer S, Demetri GD, Baldini EH, Fletcher CD. Management of soft-tissue sarcomas: an overview and update. Lancet Oncol. 2000;1:75–85. doi:10.1016/s1470-2045(00)00016-4

  8.  Keohan ML, Taub RN. Chemotherapy for advanced sarcoma: therapeutic decisions and modalities. Semin Oncol. 1997;24(5):572–579. https://www.ncbi.nlm.nih.gov/pubmed/9344324

  9.  Van Glabbeke M, van Oosterom AT, Oosterhuis JW, et al. Prognostic factors for the outcome of chemotherapy in advanced soft tissue sarcoma: an analysis of 2,185 patients treated with anthracycline-containing first-line regimens—a European Organization for Research and Treatment of Cancer Soft Tissue and Bone Sarcoma Group Study. J Clin Oncol. 1999;17(1):150–157. doi:10.1200/JCO.1999.17.1.150

 10.  336Jones RL, Fisher C, Al-Muderis O, Judson IR. Differential sensitivity of liposarcoma subtypes to chemotherapy. Eur J Cancer. 2005;41(18):2853–2860. doi:10.1016/j.ejca.2005.07.023

 11.  Patel SR, Burgess MA, Plager C, et al. Myxoid liposarcoma. Experience with chemotherapy. Cancer. 1994;74(4):1265–1269. doi:10.1002/1097-0142(19940815)74:4<1265::aid-cncr2820740414>3.0.co;2-x

 12.  Sanfilippo R, Dei Tos AP, Casali PG. Myxoid liposarcoma and the mammalian target of rapamycin pathway. Curr Opin Oncol. 2013;25(4):379–383. doi:10.1097/CCO.0b013e32836227ac

 13.  Gronchi A, Ferrari S, Quagliuolo V, et al. Histotype-tailored neoadjuvant chemotherapy versus standard chemotherapy in patients with high-risk soft-tissue sarcomas (ISG-STS 1001): an international, open-label, randomised, controlled, phase 3, multicentre trial. Lancet Oncol. 2017;18(6):812–822. doi:10.1016/S1470-2045(17)30334-0

 14.  Gronchi A, Hindi N, Cruz J, et al. Trabectedin and radiotherapy in soft tissue sarcoma (TRASTS): results of a phase I study in myxoid liposarcoma from Spanish (GEIS), Italian (ISG), French (FSG) Sarcoma Groups. EClinicalMedicine. 2019;9:35–43. doi:10.1016/j.eclinm.2019.03.007

 15.  Casali PG, Abecassis N, Aro HT, et al. Soft tissue and visceral sarcomas: ESMO-EURACAN Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2018;29(suppl 4):iv51–iv67. doi:10.1093/annonc/mdy096

 16.  Morgan A, Chow S. The economic impact of implementing an ergonomic plan. Nurs Econ. 2007;25(3):150–156. https://www.ncbi.nlm.nih.gov/pubmed/17802997

 17.  Garcia-Carbonero R, Supko JG, Manola J, et al. Phase II and pharmacokinetic study of ecteinascidin 743 in patients with progressive sarcomas of soft tissues refractory to chemotherapy. J Clin Oncol. 2004;22(8):1480–1490. doi:10.1200/JCO.2004.02.098

 18.  Le Cesne A, Blay JY, Judson I, et al. Phase II study of ET-743 in advanced soft tissue sarcomas: a European Organisation for the Research and Treatment of Cancer (EORTC) soft tissue and bone sarcoma group trial. J Clin Oncol. 2005;23(3):576–584. doi:10.1200/JCO.2005.01.180

 19.  Garcia-Carbonero R, Supko JG, Maki RG, et al. Ecteinascidin-743 (ET-743) for chemotherapy-naive patients with advanced soft tissue sarcomas: multicenter phase II and pharmacokinetic study. J Clin Oncol. 2005;23(24):5484–5492. doi:10.1200/JCO.2005.05.028

 20.  Grosso F, Jones RL, Demetri GD, et al. Efficacy of trabectedin (ecteinascidin-743) in advanced pretreated myxoid liposarcomas: a retrospective study. Lancet Oncol. 2007;8(7):595–602. doi:10.1016/S1470-2045(07)70175-4

 21.  Grosso F, Sanfilippo R, Virdis E, et al. Trabectedin in myxoid liposarcomas (MLS): a long-term analysis of a single-institution series. Ann Oncol. 2009;20(8):1439–44. doi:10.1093/annonc/mdp004

 22.  Casali PG, Bertulli R, Fumagalli E, et al. Some lessons learned from imatinib mesylate clinical development in gastrointestinal stromal tumors. J Chemother. 2004;16 (suppl 4):55–58. doi:10.1179/joc.2004.16.Supplement-1.55

 23.  Casali PG, Messina A, Stacchiotti S, et al. Imatinib mesylate in chordoma. Cancer. 2004;101(9):2086–2097. doi:10.1002/cncr.20618

 24.  Forni C, Minuzzo M, Virdis E, et al. Trabectedin (ET-743) promotes differentiation in myxoid liposarcoma tumors. Mol Cancer Ther. 2009;8(2):449–457. doi:10.1158/1535-7163.MCT-08-0848

 25.  Schöffski P, Ray-Coquard IL, Cioffi A, et al. Activity of eribulin mesylate in patients with soft-tissue sarcoma: a phase 2 study in four independent histological subtypes. Lancet Oncol. 2011;12(11):1045–1052. doi:10.1016/S1470-2045(11)70230-3

 26.  Schöffski P, Chawla S, Maki RG, et al. Eribulin versus dacarbazine in previously treated patients with advanced liposarcoma or leiomyosarcoma: a randomised, open-label, multicentre, phase 3 trial. Lancet. 2016;387(10028):1629–1637. doi:10.1016/S0140-6736(15)01283-0

 27.  Chawla SP, Schöffski P, Grignani G, et al. Subtype-specific activity in liposarcoma (LPS) patients (pts) from a phase 3, open-label, randomized study of eribulin (ERI) versus dacarbazine (DTIC) in patients with advanced LPS and leiomyosarcoma (LMS). J Clin Oncol. 2016;34(suppl_6):11037. doi:10.1200/JCO.2016.34.15_suppl.11037

 28.  Colia V, Fumagalli E, Provenzano S, et al. High-dose ifosfamide chemotherapy in a series of patients affected by myxoid liposarcoma. Sarcoma. 2017;2017:3739159. doi:10.1155/2017/3739159

 29.  Pollack SM, He Q, Yearley JH, et al. T-cell infiltration and clonality correlate with programmed cell death protein 1 and programmed death-ligand 1 expression in patients with soft tissue sarcomas. Cancer. 2017;123(17):3291–3304. doi:10.1002/cncr.30726






33726






Perivascular Epithelioid Cell Sarcoma



Emily E. Jonczak


Perivascular epithelioid cell neoplasms (PEComas) are a rare family of mesenchymal tumors, composed of histologically and immunohistochemically distinctive cells known as perivascular epithelioid cells (PECs) as defined by the World Health Organization. Clinically, many PEComas are benign and indolent in nature, but subsets of these tumors have a malignant potential and an aggressive course, and therefore it is important that these patients are identified and treated. PEComas have been described in case reports and series in a variety of different anatomic locations including the colon, pancreas, retroperitoneum, heart, adrenal gland, breast, eye, biliary tract, bone, urinary bladder, genitourinary tract, skull base, liver, uterus, cervix, skin, and soft tissues. This chapter reviews the epidemiology, clinical presentation, diagnostic approach, molecular drivers, and treatment options for PEC sarcomas.
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INTRODUCTION

Perivascular epithelioid cell neoplasms (PEComas) are a rare family of mesenchymal tumors, composed of histologically and immunohistochemically distinctive cells known as perivascular epithelioid cells (PECs) as defined by World Health Organization (WHO).1 PEComas are notable for tumor cells that demonstrate a focal association with blood vessel walls and commonly express myogenic and melanocytic markers, including actin and/or desmin and HMB-45 and/or melan-A, respectively.1 This family of tumors consists of angiomyolipoma (AML), lymphangioleiomyomatosis (LAM), clear-cell “sugar” tumor of the lung and extra pulmonary sites (CCST), clear-cell myomelanocytic tumor of the falciform ligament/ligamentum teres, and rare histologically and immunophenotypically similar tumors arising from a variety of soft tissue and visceral sites.1–5 Pea and Bonetti et al. are credited with coining the term “perivascular epithelioid cell” in 1992 after first describing the presence of this unique cell with “prominent cytoplasmic borders and clear to granular, eosinophilic cytoplasm” in a perivascular distribution in both AML and CCST. They then suggested this cell was further distinguished in part by strong positivity of the melanocytic marker HMB-45, a common link among these rare tumors.2,5,6 Furthermore, genetic alterations in the tuberous sclerosis complex (TSC), leading to losses of TSC1 (9q34) or TSC2 (16p13.3) genes have been described in both sporadic cases and in patients with the autosomal dominant disease, tuberous sclerosis, which is characterized by mental retardation, seizures, and cellular proliferations, that is, AML and LAM.1,3,4

Clinically, many PEComas are benign and indolent in nature, but subsets of these tumors have a malignant potential and an aggressive course, and therefore it is important that these patients are identified and treated. Historically, treatment was mainly based on surgical resection as conventional doxorubicin-based chemotherapy typically employed in other soft tissue sarcomas (STS) has largely been ineffective. Given the rarity of PEComas, the majority of our understanding of the disease comes from small case series, retrospective analysis, and clinical experience. The identification of the alterations in TSC and its relationship to the mammalian target of rapamycin (mTOR) pathway has opened doors to the exploration of mTOR inhibitors as a means to treat these patients. In this chapter, we will review the epidemiology, clinical presentation, diagnostic approach, molecular drivers, and treatment options for PEC sarcomas.

EPIDEMIOLOGY

PEComas are exceedingly rare; in fact there is no Surveillance, Epidemiology, and End Results (SEER) data to track the benign or malignant PEComas.7 Per WHO publication as of 2013, there were approximately 200 reported cases of non-AML and non-LAM PEComas.1 Most commonly, PEComas are present in young to middle-aged adults (mean age 45 years). PEComas are markedly more frequent in females compared to males, with a female-to-male ratio of approximately 6:1. No links to a particular race or ethnicity have been reported.1,3,8

CLINICAL PRESENTATION AND NATURAL HISTORY

PEComas are exceedingly rare and can present in a number of different soft tissue and visceral organs, leading to an array of presenting symptoms from asymptomatic to pain and bleeding, based on the primary location of the tumor. AML presenting classically of the kidney can occur in association with 338tuberous sclerosis or sporadically. AML cases associated with tuberous sclerosis are reported in both sexes with a female predominance, occurring in the third and fourth decades of life, as bilateral, small, multiple lesions, generally asymptomatic and benign. Sporadic cases tend to occur later in life, present as single lesions, unilateral, and larger. Complications can include renal failure and hemorrhage with a relatively low malignant potential.4 LAM, another member of this family of tumors, can occur sporadically, but is frequently seen in patients with TSC. This is a rare progressive disease affecting the lungs, predominately afflicting women. The natural history of the disease is a slow progression to respiratory failure with median survival of 8 to 10 years, and the only therapy is lung transplantation. CCST is generally a benign condition in which the vast majority of cases are sporadic.4,6

The remainder of this chapter will focus on the tumors in this family, which have come to be referred to in literature as PEComa not otherwise specified (PEComa-NOS). PEComas have been described in case reports and series in a variety of different anatomic locations including the colon,9–11 pancreas,12–14 retroperitoneum,15,16 heart,17 adrenal gland,18,19 breast,20 eye,21,22 biliary tract,23 bone,24,25 urinary bladder,26–28 genitourinary tract,29,30 skull base,31 liver,32–34 uterus,35,36 cervix,37,38 skin,39,40 and soft tissues.41 The clinical presentation varies based on anatomic location of the primary tumor. Patients presenting abdominopelvic PEComas describe progressive abdominal pain and weight loss. Patients presenting with genitourinary tract lesions frequently mention pain and hematuria as their chief complaint.29 Uterine and cervical tumors often present with vaginal bleeding and those of the gastrointestinal (GI) tract with GI bleeding.

Our understanding of the natural history and prognostic features of these tumors is largely based on reviews of reported case studies and series. In 2005, Folpe et al. published the largest review to date at the time of 26 patients with PEComas of soft tissue and gynecologic origin.42 The median age was reported as 46 years (range, 15–97); there was a marked female predominance (22 females, four males), and the sites of involvement included omentum/mesentery (six cases), uterus (four cases), pelvic soft tissue (three cases), abdominal wall (two cases), uterine cervix (two cases), and vagina, retroperitoneum, thigh, falciform ligament, scalp, broad ligament, forearm, shoulder, and neck (one case each). They evaluated the characteristics of the tumors including size, histology (epithelioid, spindled, or mixed), grade, mitotic activity, presence of necrosis, and immunohistochemistry (IHC) results to assess the predictive and clinical features of these tumors. Of note, no patients in the series had a history of tuberous sclerosis. Based on their analysis, they suggested that PEComas could be classified as “benign,” “of uncertain malignant potential,” or “malignant.” High-risk features included size >5 cm, infiltrative growth pattern, high nuclear grade and cellularity, mitotic rate >1/50 high power fields (HPF), necrosis, and vascular invasion. Those classified as “benign” had <2 high-risk features and size <5 cm. Those classified in the “uncertain malignant potential” category had size ≥5 cm with no other high-risk features or nuclear pleomorphism/multinucleated giant cells only. Finally, those classified in the “malignant” category had two or more high-risk features. Recurrence and/or metastasis was strongly associated with tumor size >5 cm, mitotic activity greater than 1/50 HPF, and necrosis.42 In 2012, Bleeker et al. published a review of 234 cases of PEComa-NOS in English literature, evaluating information regarding diagnostic features, treatment approaches, and outcomes.2 Based on their multivariate analysis, primary tumor size ≥5 cm (p = .02) and high (1/50 HPF) mitotic rate (p < 0001) were the only factors significantly associated with recurrence following surgical resection.2

DIAGNOSTIC APPROCH

High clinical suspicion is necessary for accurate diagnosis of these rare tumors. Like any soft tissue mass, early evaluation with imaging is critical to identify the primary location of the mass and metastatic disease. Evaluation with gadolinium-enhanced MRI and CT has been utilized in the diagnosis of these tumors. Referral to a multidisciplinary sarcoma center for initial management, including biopsy, pathology review, and surgical resection for localized disease is paramount for the best outcomes. Initial staging should include a high quality contrast-enhanced CT scan of the lungs, as well as abdomen, pelvis, and bone scan. PET/CT scan may be useful to identify occult lesions, particularly in advanced disease, but early lung metastases are often sub-centimeter in size and below the threshold of PET detection.

RADIOGRAPHIC FEATURES

On CT imaging, PEComas may appear heterogeneous with heterogeneous enhancement. On MRI imaging, they often exhibit low T1 signal and high T2 signal intensity with increased vascularity and 339heterogeneous enhancement.7 One review of 22 patients with hepatic PEComas described the lesions as well-defined, heterogeneous, arterial enhanced masses with dysmorphic vessels on CT, MRI, and ultrasound images.32

HISTOPATHOLOGIC FEATURES

The hallmark of PEComas is the presence of the distinctive PECs. They are characterized by their perivascular location, often forming a radial arrangement of cells around the vascular lumen. PEComa-NOS tumors tend to comprise both epithelioid and spindle cell components in various degrees of proportion. The epithelioid cells are more commonly located in the immediate perivascular area, whereas the spindle cells resembling smooth muscle cells are often located away from the vessels. The PECs are described as having a clear to granular, lightly eosinophilic cytoplasm; small, centrally located, normochromatic, round to oval nuclei with small nucleoli; and slight atypia with sparse mitotic activity. However, a significant number of reported PEComas have increased mitotic activity and considerable atypical features, including nuclear atypia with hyperchromasia and irregularity.43

Immunohistochemically, PEC are characterized for expressing myogenic and melanocytic markers. The myogenic markers can include desmin, smooth muscle actin (SMA), muscle-specific actin/all muscle actin/HHF-35, muscle myosin and calponin. Desmin expression can be seen in approximately 30% of PEComas.8 The melanocytic markers include HMB-45, melan-A/ART-1, tyrosinase, and micropthalmia transcription factor. The most sensitive melanocytic markers for PEComa are HMB-45 and Melan-A. S-100 protein is reported as positive in approximately 30% of PEComas, and its presence does not necessarily imply a melanocytic malignancy.8 Cytokeratin expression is usually negative.43 Estrogen and progesterone receptors are frequently positive in renal AML, but have been rarely shown to be positive in PEComa-NOS.1,8,43

MOLECULAR AND BIOLOGIC DRIVERS

Alterations in the TSC genes have been reported in both sporadic and in PEComas related to tuberous sclerosis. The most common abnormality observed is the loss of heterozygosity of the TSC2 gene on 16p13. Genetic alterations on TSC1 gene on 9q34 have also been appreciated. The TSC genes play an important role in regulation of the Rheb/mTOR/p70S6K pathway and therefore have been a focus for targeted therapy. Increasing studies suggest this pathway is complex with multiple protein components, but at the core of the pathway are four key proteins, including TSC1, TSC2, Rheb, and mTOR (mammalian target of rapamycin). Rheb protein is a member of the ras family of GTPases and when bound to guanosine triphosphate (GTP), it interacts with mTOR forming the activated complex termed mTORC1. This activation drives the mTOR/p70S6K pathway leading to downstream events, such as ribosome biogenesis, protein synthesis, and cell growth. Therefore, the loss of TSC1/TSC2 can have significant effects on the mTORC1 complex and result in cell growth.

There is limited data on other genetic alterations observed in PEComas. TFE3 gene rearrangements have been increasingly observed in cases.20,44 Interestingly, 80% of TFE3 fusion negative PEComas have been shown to have TSC2 mutations, whereas those harboring TFE3 fusions lack TSC2 mutations.44,45

TREATMENT CONSIDERATIONS

Complete surgical resection when feasible has historically been the mainstay of treatment. Surgery is not attempted in patients who are metastatic at the time of presentation or if the primary lesion is deemed unresectable. In 2012, Bleeker et al. reviewed 234 cases of PEComa, of which the majority, 95%, underwent surgical resection. Only 18% of patients had additional therapy beyond surgery. A minority of patients received neoadjuvant chemotherapy, radiotherapy, or combined chemoradiation with mixed response. Only one reported case had a robust response, the remaining either progressed or had minimal evidence of efficacy in the resected tumor. The role of adjuvant therapy is also unclear. The chemotherapy regimens typically utilized an anthracycline backbone typically used in other STS.2,43

In the metastatic setting, chemotherapy has shown little benefit. There has been enthusiasm for targeted therapies, most notably with mTOR inhibitors. Nanoparticle albumin-bound sirolimus (nab-sirolimus), an mTOR inhibitor, received Breakthrough Therapy designation from the Food and Drug Administration (FDA) based on preliminary data from the AMPECT trial presented at the American 340Society of Clinical Oncology (ASCO) 2019 meeting. This is the first prospective clinical trial in advanced PEComa to date. The trial was conducted in nine U.S. cities and enrolled 34 adult patients, 31 evaluable patients with confirmed PEComa. Involved sites included uterus, pelvis, retroperitoneum, lung, kidney, liver, brain, muscle, ovary, aorta, and small bowel. The primary objective was overall response rate (ORR). Interim analysis showed 42% had an interim analysis, 69% of the partial responses (PR) were ongoing, and the median progression-free survival (mPFS) was 8.9 months. Of the 25 patients with known mutational status, five had mutations in TSC1 and nine had mutations in TSC2. PR was achieved in 100% of patients with a TSC2 mutation (9/9), 20% (1/5) of those with a TSC1 mutation, and 9% (1/11) of patients without a mutation in TSC1 or TSC246 (NCT02494570).

Anti-PD-1 therapy may play a role in the future. In one case report, a 46-year-old man with a PEComa located in the right popliteal fossa was initially treated with sirolimus, but was unable to tolerate the side effects. A year after his diagnosis, he presented with metastatic disease to the lungs, rib cage, and a fungating mass in the right popliteal fossa. He underwent an amputation and video-assisted thorascopic surgery (VATs) to confirm metastatic disease. He was subsequently treated with pazopanib and progressed. He was subsequently started on nivolumab, a PD-L1 inhibitor and imaging done at 2 and 5 months revealed significant disease response. At 12 months, he was progression-free with no identifiable metastatic lesions.47

SUMMARY

PEComas are an exceedingly rare subset of STS. They vary widely in clinical behavior from benign to aggressively malignant lesions. Significant progress has been made with regard to the molecular mechanism underlying the disease and understanding of histopathology and IHC for disease diagnosis. The risk assessment remains imprecise, but large tumors >5 cm and high mitotic rate of 1/50 HPF are widely accepted as risk factors for more aggressive disease. The mainstay of treatment remains surgical resection when feasible. In recurrent/metastatic disease, chemotherapy and radiation have been used with mixed to minimal benefit. The first prospective clinical trial has led to the first breakthrough therapy designation by the FDA for nab-sirolimus in the management of these patients. More needs to be learned about these unique tumors.

 





CASE STUDY

A 54-year-old woman with a past medical history significant for thyroid cancer following thyroidectomy and radioactive iodine in 2006, hyperlipidemia, coronary artery disease, diabetes mellitus type 2, and uterine fibroids initially presented to medical attention in May 2018 complaining of gradual weight loss and difficulty concentrating, which she attributed to her thyroid medications needing adjustment. Her primary care physician ultimately evaluated her in September 2018, when lab work was done and the only noted abnormality was thrombocytosis. She then noted progressive pelvic and back pain, and underwent CT imaging, which revealed a uterine myometrial lesion, measuring 10 cm along with external iliac lymphadenopathy measuring 2.0 × 1.7 cm and right iliac lymph node measuring 1.7 × 1.3 cm. She underwent biopsy of the endometrium, lymph node, and bone marrow. The bone marrow biopsy revealed a cellular marrow (50%) with maturing trilineage hematopoiesis. The endometrial biopsy of the anterior uterine wall was determined to be epithelioid PEComa with focal sclerosing pattern. The IHC revealed that the tumor cells were diffusely positive for cathepsin K and many cells were positive for desmin and melan-A, and negative for SOX-10 and TFE3. The proliferation rate in the cellular epithelioid area was approximately 20%. The endometrial biopsy also revealed highly atypical mucinous proliferation, most consistent with low-grade endometrial mucinous adenocarcinoma. The right iliac chain lymph node biopsy revealed metastatic malignant PEComa, high grade with IHC showing tumor cells diffusely positive for a pan melanocyte antibody cocktail, focally positive for S-100, calretinin, desmin, and SMA, and negative for SOX-10, epithelial membrane antigen (EMA), inhibin, myogen, PAX-8, and pancytokeratin. This pattern suggested a diagnosis of metastatic PEComa with a uterine mass as the primary lesion. Staging PET/CT scan was completed in January 2019 and was consistent with a 10-cm hypermetabolic uterine 341mass (SUV 8.2) and hypermetabolic right iliac and right common iliac lymph nodes. CT imaging done prior to initiating therapy additionally revealed bilateral lung nodules and mildly enlarged retroperitoneal and pelvic lymphadenopathy. She was evaluated by both gynecology, oncology, and the medical oncology sarcoma team and given the high-grade nature of the PEComa and low-grade mucinous adenocarcinoma. It was felt that the management of PEComa should take precedence. She was started on an mTOR inhibitor, everolimus in February 2019. She initially had difficulty with everolimus, complaining of mouth sores, rash, fatigue, and metallic taste. Her tolerance for the medication has since improved and serial imaging with CT chest, abdomen, and pelvis every 3 months has demonstrated stable disease to date.
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Synovial sarcoma has unique features that distinguish it from other soft tissue sarcoma subtypes. It is diagnosed in both pediatric and adult patients. Under the microscope, it can manifest a variety of histologic features, ranging from epithelial cells to small, round cells. It is driven by a characteristic chromosomal translocation, which can serve as an important diagnostic feature. Correct diagnosis is important, and molecular diagnostic tools play an important role in making a diagnosis of synovial sarcoma. Synovial sarcoma is an aggressive disease, with propensity for metastatic spread. At the same time, it is considered a chemotherapy-sensitive type of soft tissue sarcoma. In the setting of high-risk, localized disease, multimodality therapy, including chemotherapy and radiation therapy, should be considered along with complete excision by an orthopedic oncologist or surgical oncologist with sarcoma expertise. Treatment options for metastatic soft tissue sarcoma, including synovial sarcoma, are increasing, including exciting immunotherapy advances. This chapter reviews diagnostic approach, pathologic features, molecular pathogenesis, and prognosis of synovial sarcoma, as well as therapeutic approaches for localized disease and metastatic disease.
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INTRODUCTION

Synovial sarcoma has unique features that distinguish it from other soft tissue sarcoma subtypes. It is diagnosed in both pediatric and adult patients. Under the microscope, it can manifest a variety of histologic features, ranging from epithelial cells to small, round cells. It is driven by a characteristic chromosomal translocation, which can serve as an important diagnostic feature. There are various chemotherapy options for treatment of synovial sarcoma. In addition, it frequently expresses an antigen that has placed it at the leading edge of cellular immunotherapy research in sarcoma.

EPIDEMIOLOGY

Synovial sarcoma accounts for 5% to 10% of soft tissue sarcoma cases, with an incidence of approximately 0.13 per 100,000 person-years.1–3 Peak incidence of synovial sarcoma is in the third or fourth decade of life. It is the most common non-rhabdomyosarcoma soft tissue sarcoma among children and adolescents; one-third of synovial sarcoma cases occur in the adolescent-young adult (AYA) age group.1,4,5 Male and female incidence is similar.2,6

CLINICAL PRESENTATION

Typically, synovial sarcoma arises in the deep soft tissues of the extremities. Less commonly, these tumors originate from the trunk, thorax, and head/neck.5–7 Like other sarcoma types, synovial sarcoma can arise almost anywhere in the body, with rare presentations, including, pleuropulmonary,8 cardiac,9 renal, gastrointestinal tract,10 prostate,11 and skeletal12,13 primary sites. Extremity synovial sarcoma typically presents as an enlarging mass. In a Surveillance, Epidemiology, and End Results (SEER) analysis of synovial sarcoma cases, 66% of patients presented with localized disease.6 Regional lymph node involvement is reported but uncommon.14 Despite the nomenclature, synovial sarcomas are not associated with the synovium and rarely involve the joint.

DIAGNOSTIC APPROACH

A pretreatment biopsy should be obtained to determine a tissue diagnosis and facilitate multidisciplinary treatment planning. This should be performed by an experienced surgeon or radiologist. The method of biopsy in synovial sarcoma depends on the location of primary disease. Historically, open biopsy was done to diagnose and grade sarcomas; however, in the extremity, core-needle biopsy is a reliable method for accurate diagnosis. Advantages of image-guided percutaneous biopsy include decreased cost, time, and complications compared to open biopsy.15–17 Excisional biopsy should not be performed, as the likelihood of positive margins is high, which may compromise management of the disease process.17 In addition, percutaneous biopsy for sarcoma minimizes the amount of tissue excised during resection of the biopsy tract at the time of surgical management.18

Like their extremity counterpart, retroperitoneal synovial sarcomas are diagnosed with image-guided core biopsy. However, if biopsy or imaging findings are inconclusive, resection may be performed to acquire a definitive diagnosis.

344RADIOGRAPHIC FEATURES

Radiographically, synovial sarcomas may have calcifications located within the primary tumor, but typically do not have additional distinctive features from other subtypes. Imaging of the primary site with MRI or, if unable to obtain an MRI, CT scan is integral to determine disease extent and resectability of the tumor. MRI delineates not only tumor extent, but adjacent swelling as well. On MRI, synovial sarcomas are classically dark on T1-weighted sequences and bright on T2-weighted images. Although synovial sarcomas may occur in the retroperitoneum, the incidence is uncommon.19 In this anatomic location, both CT and MRI may be helpful to demarcate the entirety of disease and infiltration or impingement on adjacent structures.20

Chest imaging, with a chest CT without contrast (preferred) or chest x-ray study, should also be performed to evaluate for metastasis.21 When clinically warranted, PET/CT may be useful to characterize lung nodules and highlight other areas of disease not seen on CT.22

PATHOLOGIC FEATURES

Origin

Both neural and myogenic progenitor cells are candidate cells of origin for synovial sarcoma. Recent molecular studies correlating H3K4me3 levels and oncogenic gene activation in synovial sarcoma support a myogenic origin.23

Histology

Synovial sarcomas appear as relatively nonspecific soft tissue masses, which present as relatively circumscribed tan-yellow, sometimes pink or bluish masses, which can have nonspecific areas of edema, hemorrhage, and calcifications.24 Synovial sarcoma has two main histologic appearances—biphasic and monophasic.

Monophasic Synovial Sarcoma

Monophasic synovial sarcoma accounts for approximately 70% of synovial sarcomas.25 Monophasic synovial sarcoma is a spindle cell sarcoma, composed of a very monotonous population of spindle cells devoid of any glandular elements (Figures 27.1 and 27.2). The spindle cells in synovial sarcoma usually grow forming fascicles and may adopt a wide variety of histologic appearances, including herringbone, storiform, hemangiopericytic, palisading, and sclerosing patterns. The tumor cells are characterized by the absence of nuclear pleomorphism or bizarre tumor cells. The spindle cells are usually small with carrot-shaped hyperchromatic nuclei. Mitotic activity may vary considerably in these tumors and can range from 1 to >10 per 10 high power fields; the majority, however, have low mitotic activity.24 Other features include stromal calcifications, abundant collagen, sclerotic changes, and myxoid degenerative changes. The appearance can be variable, and the diagnosis of monophasic synovial sarcoma needs to be eliminated in any tumor that resembles solitary fibrous tumor/hemangiopericytoma (SFT) because the cytologic features and the patterns of dilated, branching vessels can be similar in both entities (Figure 27.3). Likewise, some monophasic synovial sarcomas lack the SFT-like vascular patterns or have larger, ovoid nuclei and can resemble malignant peripheral nerve sheath tumor (MPNST) more than SFT.24
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FIGURE 27.1  Monophasic synovial sarcoma shows fascicles of monotonous spindle cells with little intervening stroma.
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FIGURE 27.2  Higher magnification of monophasic synovial sarcoma showing uniform population of spindle cells displaying a herringbone growth pattern.
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FIGURE 27.3  “Hemangiopericytic” vascular pattern in a monophasic synovial sarcoma showing numerous dilated, sharp, angulated vessels that display branching.





Biphasic Synovial Sarcoma

Biphasic synovial sarcoma is characterized by an admixture of glandular structures with a compact, dense spindle cell proliferation in the stroma. A distinctive feature is that the glandular elements do not show a sharp segregation from the spindle cell elements, and the glandular structures are often flanked by strands of tightly packed atypical spindle cells. The glandular components can be quite subtle or very prominent. The presence of any glandular structures in these tumors qualifies for a diagnosis of biphasic synovial sarcoma (Figures 27.4 and 27.5). The glandular elements in biphasic synovial sarcoma can be of almost any type, including mucinous, tall columnar, simple cuboidal, with papillary excrescences, with cribriforming pattern, and with solid cords of tumor cells. Some cases can show squamous metaplasia (Figure 27.6) or areas of necrosis in the glandular component.24

Poorly Differentiated Synovial Sarcoma

Poorly differentiated synovial sarcoma can arise from either monophasic or biphasic synovial sarcoma; however, a precursor lesion is not always present. It is characterized by round cell differentiation that can resemble those seen in lymphomas, Ewing sarcoma and embryonal rhabdomyosarcoma (Figure 27.7). Rhabdoid features, areas of necrosis, and a relatively higher rate of mitosis can be seen. The SFT-like vascular pattern is also often observed in poorly differentiated synovial sarcoma.26
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FIGURE 27.4  Biphasic synovial sarcoma shows numerous irregular glands simulating a metastatic adenocarcinoma.
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FIGURE 27.5  Higher magnification of biphasic synovial sarcoma shows glandular structures surrounded by a monotonous spindle cell stromal proliferation, corresponding to the spindle cell component of the lesion.
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FIGURE 27.6  High-power magnification of biphasic synovial sarcoma in which the epithelial components show squamous differentiation with well-demarcated cell borders and intercellular bridges.
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FIGURE 27.7  Poorly differentiated synovial sarcoma simulating a small round blue cell tumor with sheets of round to polygonal atypical cells with prominent nucleoli. High mitotic activity can be seen in the background.





Immunohistochemistry

Immunohistochemistry has a limited role in the pathologic diagnosis of synovial sarcoma. Synovial sarcomas express both low- and high-molecular-weight cytokeratins (Figures 27.8 and 27.9). Cytokeratin expression is generally focal, and it can be confined to rare cells on the section. Immunostaining can be useful for revealing occult glandular differentiation in an otherwise monophasic appearing tumor. Epithelial membrane antigen (EMA) may be positive in some cytokeratin-negative monophasic and poorly differentiated synovial sarcomas.24 Other markers that stain synovial sarcoma include TLE1,27 BCL-2 (Figure 27.10), vimentin, epithelial membrane antigen, and calponin. Synovial sarcoma is generally negative for CD34.

Molecular Features

A nearly invariant feature of synovial sarcoma is the reciprocal translocation between the SS18 gene on chromosome 18 (18q11.2) and one of the three SSX genes (SSX1, SSX2, and rarely SSX4) that are clustered on chromosome X (Xp11.2).28,29 This translocation is unique to synovial sarcoma and is typically the only cytogenetic abnormality. It is detected in all morphologic subtypes and not observed in other human malignancies. This balanced translocation is believed to be the initiating molecular event leading to malignant transformation and development of synovial sarcoma. The translocation results in a fusion gene that codes for a chimeric protein composed of amino acids 1 to 379 of SS18 fused to the C-terminal 78 amino acids of SSX.30–32 Detection of this fusion event is pathognomonic for synovial sarcoma. The numerous reports in the literature correlating the specific SSX gene involved in the translocation and the histologic subtype of synovial sarcoma are inconsistent.33,34
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FIGURE 27.8  Characteristic staining pattern of cytokeratin (AE1/AE3) in monophasic synovial sarcoma. The staining pattern is focal and patchy, with just a few scattered positive spindle cells.
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FIGURE 27.9  Immunohistochemical staining for cytokeratin (AE1/AE3) in biphasic synovial sarcoma shows strong positive staining of the glandular elements and a monotonous spindle cell proliferation in the background.





Molecular Testing for Synovial Sarcoma

Reverse transcriptase PCR has been demonstrated to be a highly effective and specific method for identifying the SS18–SSX fusion and is amenable to formalin-fixed, paraffin-embedded tissue.29,35 However, the success of reverse transcriptase PCR for the detection of the SS18–SSX translocation is highly dependent upon both knowledge of the target sequence of the primers and the quality of RNA isolated from the tumor.
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FIGURE 27.10  Strong and diffuse cytoplasmic positivity for BCL-2 in the majority of the tumor cells is also characteristic of monophasic synovial sarcoma.
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FIGURE 27.11  FISH assay demonstrating SYT translocation in synovial sarcoma using a dual color break-apart probe set with a 151-kb green probe and a 148-kb red probe flanking SYT at 18q11.2. Separate red and green signals indicate a chromosomal break at 18q11.2.

FISH, fluorescence in situ hybridization.





Fluorescence in situ hybridization (FISH)-based assays are an alternative approach to detect SS18–SSX translocations. These assays work well with archival or formalin-fixed, paraffin-embedded tissues in which the majority of tumor cells have interphase nuclei, and break-apart FISH probes are commonly used to detect disruption of the SS18 gene (Figure 27.11).36–38 In some instances, an atypical pattern consisting of loss of one of the probe signals is observed, and this should be interpreted as a peculiar unbalanced rearrangement of the SS18 gene, and subsequent SS18–SSX fusion testing should be considered.39,40 The highest analytical sensitivity and specificity (96% and 100%, respectively) have been reported by utilizing a combination of reverse transcriptase PCR and FISH.33

Immunohistochemistry for SYT and SSX1 proteins has been examined as an analytical method to distinguish synovial sarcoma from other soft tissue lesions. This approach is relatively sensitive— in one report, 41 of 47 cases of synovial sarcoma demonstrated strong nuclear expression of SS18.41 However, 19 of 99 non-synovial sarcoma cases included in the study also demonstrated variable nuclear and cytoplasmic staining with SS18, and these cases included malignant peripheral nerve sheath tumor, solitary fibrous tumor, and Ewing sarcoma, all of which are in the differential diagnosis of synovial sarcoma. Therefore, immunohistochemistry for the detection of synovial sarcoma has limited application for routine testing due to low specificity.

Anchored multiplex PCR (AMP) is a novel technique for detecting gene fusion events using next-generation sequencing technology.42 This targeted RNA sequencing strategy utilizes AMP to detect oncogenic fusion transcripts without prior knowledge of fusion partners, making this approach an attractive option to reverse transcriptase PCR, in which precise knowledge of the coding sequence for each fusion partner is required. Furthermore, the assay supports multiplex analysis of multiple fusion events and detects both common and novel fusion genes.43 Concordance with FISH and reverse transcriptase PCR has been reported as high as 90% with advantages of this approach including superior performance and the identification of novel fusion partners.44

Differential Diagnosis

The main differential diagnoses include MPNST, SFT, small blue round cell tumors, and fibrosarcoma. MPNST can so closely resemble monophasic synovial sarcoma that the two entities may be indistinguishable by light microscope. The absence of CD34 tends to support the diagnosis of monophasic synovial sarcoma, whereas a clinical history of neurofibromatosis favors MPNST. Classical examples of SFT will sometimes lack alternating hypocellular and hypercellular regions (“marbling” seen in MPNST), and express CD34. In equivocal cases, immunostaining for STAT6 will show positivity in SFT and will be negative in MPNST. In addition, MPNSTs frequently demonstrate loss of H3K27me3 while synovial sarcoma and solitary fibrous tumor retain expression making immunohistochemistry for H3K27me3 useful for differentiating MPNST from synovial sarcoma.45 Small blue round cell tumors can mimic poorly differentiated synovial sarcoma, but translocation analysis can now be used to distinguish synovial sarcoma from tumors such as Ewing sarcoma, desmoplastic small round blue cell tumor, and atypical Ewing sarcoma family tumors. Finally, fibrosarcoma, which is slowly disappearing 350as a diagnostic entity, is a diagnosis of exclusion to be reserved for cases in which histologic, molecular, and immunohistochemical analysis is uninformative.

MOLECULAR PATHOGENESIS OF SYNOVIAL SARCOMA

BAF Complex

Chromatin regulation is a key process that controls the appropriate timing and levels of gene expression. This complex and highly ordered epigenetic process is achieved by modulating genomic architecture through histone modification, DNA methylation, and adenosine triphosphate (ATP)-dependent chromatin remodeling, thereby altering the accessibility of transcription factors to their cognate DNA binding sites.

The BRG1/BRM associated factor (BAF) complex, which stands for Brg/Brm-associated complexes and is alternatively known as SWI/SNF complex, is one of the best characterized chromatin remodeling complexes. The BAF complex is a large, multiprotein, ATP-dependent chromatin remodeling complex and contributes to gene activation through nucleosome remodeling. The BAF complex assembles in a combinatorial manner involving 15 subunits coded by a set of gene families. Combinatorial assembly is tissue specific and plays an important role in determining cell fate.46–48 For example, using experimental techniques to force the formation of neural-specific BAF complexes converts fibroblasts to neurons.49

Mutations in the BAF complex are identified in 20% of all human cancers.50 Malignant rhabdoid tumors (MRTs) demonstrate biallelic inactivation of the BAF47 subunit, coded by the SMARCB1/INI1/SNF gene, in nearly all cases.50 BAF47 functions as a tumor suppressor gene and reintroduction of BAF47 into MRT cells stops cellular proliferation.51 Other examples include ARID1A52 and PBAF53 mutations, which are present in the majority of ovarian clear cell and renal clear cell carcinomas, respectively. The identification of specific BAF subunit mutations in specific malignancies suggests that the different combinatorial assembly of BAF complexes underlies the tissue-specific tumor phenotype.46 This is supported by the specialized role of BAF complexes in neural development and other cellular processes.

SSX–SS18 Fusion Protein

The SS18–SSX fusion protein effectively competes with the wild-type SS18 protein for incorporation and assembly into the BAF complex, and consequently, wild-type SS18 is displaced. Biochemical experiments suggest that SS18 and SS18–SSX do not compete for direct binding but rather the two proteins likely compete for assembly into complexes. In synovial sarcoma, the SS18–SSX outcompetes wild-type SS18 during assembly due to increased concentrations of the fusion protein.46

SS18–SSX-modified BAF also evicts the BAF47 tumor suppressor from BAF complex, where it is inactivated by proteasomal degradation, indicating that BAF47 is not required for proliferation of synovial sarcoma. SS18–SSX mediated disruption of the BAF complex is determined by two regions of the SSX protein: the C-terminal eight amino acids and two polar amino acids at positions 43 and 44. These two amino acids are conserved in SSX1, SSX2, and SSX4, but not in SSX3. In experimental models, SS18–SSX3 fusion proteins, which lack these two amino acids, can incorporate into BAF, but are deficient in eliciting BAF47 displacement, thus underscoring their role in BAF disruption.46 This is noteworthy from a therapeutic standpoint in that such a small region leads to complex disruption and may represent a potential target for the development of pharmaceutical inhibitors.

The SS18–SSX-modified BAF complex demonstrates global genomic relocalization encompassing both the gain and loss of BAF target sites.23 The dual gain and loss of genomic sites of the SS18–SSX-modified BAF complex is a unique feature of synovial sarcoma. In contrast, BAF47-deficient tumors (for example, malignant rhabdoid tumors) demonstrate near exclusive loss of BAF complex occupancy on chromatin due to decreased BAF affinity.54

The key mechanism driving proliferation in synovial sarcoma is the gain of function activity and subsequent genome wide targeting of SS18–SSX-modified BAF complexes from enhancers, where wild-type BAF complexes normally localize, to polycomb repressive complex 2 (PRC2)-occupied domains resulting in the opposition of PRC2-mediated repression.23 This in turn leads to activation of bivalent genes, activation of the synovial sarcoma gene expression signature, and initiation of cellular pathways that drive proliferation. Furthermore, SS18–SSX-modified BAF opposition results in reduced PRC2-mediated methylation of H3 K27 and activation of bivalent genes including SOX2. SOX2, which is normally targeted for repression by PRC2, is universally expressed in synovial sarcoma secondary to SS18–SSX modified BAF and is essential for proliferation.

351The gene expression profile of synovial sarcoma is transcriptionally distinct from other cancers with BAF complex perturbations.23 Synovial sarcoma specific genes include TLE1, regulators of neural development, regulators of myogenesis (e.g., PAX3 and PAX7), and putative oncogenes (SOX2 and MYC). Transcription of these genes correlates with the respective proteins as determined by immunohistochemistry. Furthermore, MYC expression is mutually exclusive with PAX7 and SOX2. Expression of PAX7 and SOX2 is observed more frequently in primary synovial sarcoma, whereas MYC expression is more often observed in metastatic synovial sarcoma. Thus, SS18–SSX globally alters BAF-controlled gene regulation through a retargeting mechanism leading to inappropriate gene activation that drives synovial sarcoma proliferation and growth.55

Potential Therapeutic Implications

Activation of bivalent genes by SS18–SSX-modified BAF is positively modulated by underlying H3K4me3 levels. This suggests reduction of H3K4me3 methylation via inhibition of MLL2/COMPASS as a potential therapeutic strategy to achieve abrogation of SS18–SSX-modified BAF-mediated gene activation.23 Furthermore, as BAF47 is evicted in SS18–SSX-modified BAF complexes and cellular levels are reduced to varying degrees, it is uncertain that selective inhibition of EZH2 (i.e., tazemetostat), which is indicated for BAF47-deficient solid tumors (e.g., malignant rhabdoid tumors), will demonstrate significant benefit for treatment of synovial sarcoma since its mechanism of sensitivity is based on INI1 depletion and EZH2 dependency.

Synovial sarcoma is dependent upon a noncanonical BAF complex (ncBAF) for maintaining proliferation, implicating subunits of the ncBAF complex as a potential therapeutic target.56 Biochemical studies demonstrate that synovial sarcoma is dependent upon the ncBAF subunit BRD9, and synovial sarcoma proliferation is highly sensitive to perturbations of BRD9. This is significant in light of the development of selective BRD9 inhibitors.57–59

PROGNOSIS

General

Synovial sarcoma may behave aggressively, with reported 5-year survival rate of patients presenting with localized disease ranging from 60% to 70%.3,60,61 For patients with localized synovial sarcoma, larger tumor size, high grade, invasion of local structures such as bones or neurovascular structures, and axial primary tumor locations (as opposed to extremity tumors) are associated with increased likelihood of distant metastases and worse survival.62–64 The American Joint Committee on Cancer (AJCC) staging system incorporates factors such as tumor size and the presence or absence of regional lymph node or distant metastases to estimate prognosis.

Lymph Node Involvement

Historically, synovial sarcoma has been associated with elevated risk of regional lymph node metastases, with published rates greater than 13%,65 and has been grouped with other sarcoma subtypes, such as clear cell sarcoma, angiosarcoma, rhabdomyosarcoma, and epithelioid sarcoma as requiring particular attention to regional nodes. More recent analyses, including large data sets from SEER and the National Cancer Database (NCDB) as well as several large institutional databases, have found rates of regional lymph node involvement among synovial sarcoma patients ranging from 3.3% to 5.1%, similar to the overall rate for soft tissue sarcoma.66–70 Sentinel lymph node biopsy (SLNB) was evaluated in a prospective study of patients with localized soft tissue sarcoma subtypes with presumed high risk, but no clinical evidence, of lymph node involvement. Four of 68 patients with synovial sarcoma (5.9%) were identified as having lymph node metastases (three positive sentinel lymph nodes, one false negative). The investigators proposed that SLNB would not be relevant for patients with localized synovial sarcoma.

Prognostic Tools

Prognostic tools have been developed to help clinicians estimate sarcoma patient outcomes. A nomogram, developed at Memorial Sloan Kettering, uses patient and postoperative tumor characteristics (including histologic type) to estimate risk of sarcoma-related mortality.71 More recently, updated nomograms that estimate the risk of distant recurrence or death for patients with soft tissue sarcoma treated with curative intent have been developed and are the basis for Sarculator, a smart phone application that can be used as a prognostic tool.72

352THERAPEUTIC APPROACH: LOCALIZED DISEASE

Surgery

Surgery is the mainstay of treatment for all soft tissue sarcomas, including synovial sarcomas. Amputation is rarely necessary and limb-sparing resection is possible for the majority of patients.73 Resection should be performed by a fellowship-trained oncologic surgeon to ensure complete resection and minimize postoperative morbidity. Every attempt should be made to achieve a negative-margin resection to decrease the probability of local recurrence at the primary site. The goal of surgery should be an R0 resection with no ink on tumor. Acceptable local recurrence rates have been demonstrated in oncologically excised tumors with close margins of less than 1 mm.74,75 Careful dissection should take place through normal tissue planes without contaminating the resection bed by contacting the tumor. In the case of an open biopsy, the biopsy site should be resected. Nerves or vessels that are adjacent to synovial sarcomas do not need to be excised if the adventitia and perineurium are removed and there is no involvement of the underlying neurovascular structure. Surgical clips may be placed in the resection cavity to guide postoperative radiation, if warranted.17

Depending on the clinical scenario, radiation therapy may be performed in conjunction with surgery, either preoperatively or postoperatively, to decrease the risk of local recurrence. The utilization of radiation therapy should be strongly considered if close surgical margins are anticipated.

In the clinical setting of metastatic disease, surgery may be considered based on performance status, disease burden, response to systemic therapy, and progression-free interval. Patients with oligometastatic disease or pulmonary-only disease may benefit from surgical management of symptomatic or bulky disease.76,77

Radiation Therapy

External beam radiation therapy may be used in the preoperative or postoperative setting in synovial sarcomas. Although historically radiotherapy was delivered postoperatively, the several advantages of preoperative radiation include smaller field size, decreased dose and number of treatments, facilitation of surgical resection, and decreased fibrosis. One disadvantage, however, is the increased risk of postoperative wound complications.78

Radiation should be considered in tumors that are greater than 5 cm, high grade, or low-grade sarcomas that abut neurovascular structures. Additionally, radiation should be considered when a closer surgical margin will allow for a meaningful decrease in morbidity for the patient17 or when the risk of positive margins might result in tumor seeding, such as thoracic lesions, from which pleural seeding might occur.

Brachytherapy delivers radiation through multiple catheters and may be considered; however, external beam is routinely used. Brachytherapy may be of particular benefit in the setting of local recurrence in a previously radiated field.

Chemotherapy

Although the use of chemotherapy in the adjuvant and neoadjuvant treatment of soft tissue sarcoma has been associated with both recurrence-free survival and overall survival, it has not been universally accepted by all sarcoma centers. Clinical trials have been difficult to interpret because of heterogeneous patient populations, variable treatment regimens, and small study sizes. A meta-analysis of data from studies of adjuvant anthracycline-based chemotherapy, published in 1997, found improved recurrence-free, but not overall, survival associated with chemotherapy.79 An updated meta-analysis reported statistically significant recurrence-free and overall survival benefit associated with adjuvant chemotherapy in the treatment of patients with localized, resectable soft tissue sarcoma. Benefit was most pronounced in patients treated with anthracycline and ifosfamide combination therapy, with reduction in risk of death with a hazard ratio of 0.56 (p = .01).80 Use of adjuvant chemotherapy has not been universally accepted because several older studies showed no significant benefit associated with adjuvant chemotherapy in the setting of localized, resected soft tissue sarcoma.81,82

Prospective, randomized trials that have shown perioperative anthracycline–ifosfamide chemotherapy to be beneficial share several features—patients have high risk soft tissue sarcoma (>5 cm, high-grade tumors), treatment is limited to histologic subtypes of sarcoma known to be chemotherapy responsive (including synovial sarcoma), and ifosfamide was given at adequate doses (for example ≥9 g/m2 per cycle).83,84 It is clear that there is a dose–response relationship with ifosfamide.85

The European Society for Medical Oncology (ESMO) sarcoma guidelines state that adjuvant chemotherapy be considered as an option with individual patients at high risk for poor outcomes.86 The 353National Comprehensive Cancer Network (NCCN) soft tissue sarcoma guidelines also suggest that neoadjuvant or adjuvant anthracycline-based chemotherapy be considered according to individual patient factors for stage II and III soft tissue sarcoma of the extremities and trunk.87

Additional data support the importance of anthracycline–ifosfamide chemotherapy, specifically in the treatment of localized synovial sarcoma. Several retrospective studies reported significantly better disease-specific survival for patients treated with ifosfamide-containing chemotherapy, compared to those who received no chemotherapy.88,89 Another study compared standard neoadjuvant epirubicin–ifosfamide chemotherapy to histotype-tailored chemotherapy, which was high-dose ifosfamide (14 g/m2 continuous infusion over 14 days, every 28 days) in the synovial sarcoma cohort. Standard therapy was associated with significantly better disease-free survival.84

FOLLOW-UP

Follow-up for primary synovial sarcomas should involve a more rigorous schedule for several years after surgery, including interval history, physical exam, and baseline postoperative imaging of the primary site, with MRI or contrast-enhanced CT scan as an alternative with subsequent imaging based on the risk of recurrence and accessibility of the primary site to physical exam, and chest imaging every 3 to 6 months for the first 2 to 3 years, then every 6 months until year 5, and yearly thereafter. Owing to the propensity to develop late recurrence, follow-up is recommended for at least 10 years.17,90,91 The frequency of follow-up may be modified based on tumor location, patient function, tumor grade, and symptoms and clinical exam findings.

METASTATIC RECURRENCE

Synovial sarcoma has a propensity for metastatic spread. In several retrospective series, 40% to 45% of patients with localized synovial sarcoma have metastatic disease at 5 years.3,60,92 Median time to metastatic recurrence is less than 3 years, but metastases may also develop late, 10 years or more from initial diagnosis.3,60,92,93 Metastases are found in the lungs in at least 80% of cases, and much less commonly in regional lymph nodes and other sites, such as soft tissue, bone, and pleura.3,94 Metastatic synovial sarcoma is generally considered incurable, but there are some patients with limited extent of metastatic disease who may achieve long-term survival.93

THERAPEUTIC APPROACH: METASTATIC DISEASE

Systemic therapy, with several cytotoxic chemotherapies or the multikinase inhibitor pazopanib, is commonly used in the treatment of metastatic synovial sarcoma. Radiation therapy, ablative therapies such as cryoablation, and surgery may be used in certain situations for disease or symptom control. Immunotherapeutic approaches are being studied and show significant promise.

Chemotherapy

Synovial sarcoma is considered a chemotherapy responsive sarcoma. In a review of first-line chemotherapy trials for advanced soft tissue sarcoma, it was noted that, compared to other sarcoma subtypes, synovial sarcoma patients experienced better objective response rates (28% vs. 19%), longer progression-free survival (PFS; 6.3 vs. 3.7 months), and longer overall survival (15 vs. 11.7 months).95

Anthracyclines, such as doxorubicin and epirubicin, are standard first-line treatment alone or in combination for advanced soft tissue sarcomas. Doxorubicin acts on cancer cells by inhibiting topoisomerase-II-mediated repair of DNA.96 As a single agent, at doses of 70 to 80 mg/m2 per cycle, doxorubicin achieves response rates of 14% to 20%.97–99 In a retrospective review of advanced synovial sarcoma patients treated at a sarcoma center, the response rate to single-agent doxorubicin was 25%.100

Olaratumab, a monoclonal antibody to platelet-derived growth factor alpha (PDGFRα), was granted Food and Drug Administration (FDA) approval in 2016, in combination with doxorubicin, for treatment of incurable soft tissue sarcoma. Approval was based on a randomized Phase II study that showed significant improvement in overall survival compared to single-agent doxorubicin (26.5 vs. 14.7 months).101 Unfortunately, the randomized Phase III study comparing doxorubicin to doxorubicin plus olaratumab found no benefit for the combination in response rates, PFS, and overall survival.

354Ifosfamide, an alkylating agent, at doses less than 10 g/m2 per cycle, is an active single agent treatment for advanced soft tissue sarcoma, with response rates ranging between 10% and 25% in several studies,85,102,103 and clear difference in response rates depending on dose, with doses of 5 g/m2 and 9 g/m2 per cycle defining the lower and upper ends of that range of response rates.85 For treatment of advanced sarcoma in general, it is used more frequently in combination with doxorubicin than as a single agent.104 Ifosfamide has particularly good antitumor activity in synovial sarcoma.95,105 In one retrospective review, among patients with advanced soft tissue sarcoma who had been previously treated with ifosfamide, there was treatment response noted on rechallenge with ifosfamide. Nearly half (14 of 29) of synovial sarcoma patients achieved partial response or stable disease.106 High-dose ifosfamide (HDI), 12 to 14 g/m2 per cycle, given as continuous infusion, has activity in advanced sarcoma as well, but is associated with significant toxicity including high rates of neutropenia fever.107,108 One study of HDI in first- or second-line treatment of advanced soft tissue sarcoma included 22 synovial sarcoma patients, eight of whom had objective responses.108

The combination of ifosfamide with anthracycline chemotherapy, for advanced soft tissue sarcoma in general, results in higher response rates and longer PFS, showed a trend toward an improvement in overall survival (1 year overall survival 60% vs. 51%, p = .07).99 Toxicity, including myelosuppression, is more pronounced with combination therapy. For these reasons, combination therapy is an option for synovial sarcoma patients with metastatic disease, particularly if a patient is symptomatic or has a large tumor burden. When doxorubicin/ifosfamide chemotherapy is assessed specifically in patients with synovial sarcoma, response rates are particularly impressive, with 88% of the synovial sarcoma subset of patients responding to combination therapy in one clinical trial,98 and 59% responding in another retrospective report.100

Pazopanib is an oral tyrosine kinase inhibitor with activity against vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF), which was FDA-approved in April 2012 for treatment of patients with metastatic nonadipocytic soft tissue sarcoma. Approval was based on the pazopanib for metastatic soft tissue sarcoma (PALETTE) trial, in which patients who had progressed on standard therapy were randomized to pazopanib 800 mg daily or placebo. Median PFS was significantly better in the pazopanib arm, 4.6 months versus 1.6 months.109 PFS in the synovial sarcoma subset was similar to that for the study population as a whole.

While pazopanib is the only tyrosine kinase inhibitor FDA approved for treatment of metastatic soft tissue sarcoma, regorafenib, and sunitinib have demonstrated activity against synovial sarcoma as well.110,111 One example of this was a study of off-label use of targeted therapies by the French Sarcoma Group that included 15 patients with synovial sarcoma; eight of these patients were treated with sunitinib, and four had partial responses.112

Trabectedin was approved in 2007 by the European Medicines Agency and European Commission for treatment of advanced soft tissue sarcoma after failure of anthracycline and ifosfamide, and it was FDA approved in 2015 for advanced liposarcoma and leiomyosarcoma after failing anthracycline. FDA approval was based on a clinical trial that compared trabectedin to dacarbazine 1.5 mg/m2 as a 24-hour infusion every 3 weeks to dacarbazine. Median PFS was significantly longer in the trabectedin arm of the study, 4.2 months versus 1.5 months.113 A retrospective analysis of outcomes in patients with translocation-related sarcomas, treated in several Phase II trabectedin trials, included 45 synovial sarcoma patients. The synovial sarcoma patients had median PFS of 3 months.114 Multicenter retrospective review of synovial sarcoma patients treated with trabectedin included 61 patients, and found 15% objective response rate, median PFS 3 months, with 23% of patients without progression at 6 months.115

Gemcitabine-based therapy and various other cytotoxic chemotherapy agents are also used in the treatment of metastatic soft tissue sarcoma.116,117 There is insufficient data to report specific outcomes for synovial sarcoma patients.

Tazemetostat, an EZH2 inhibitor, was studied in malignant rhabdoid tumors and sarcoma types with reduction or loss of INI1. There was limited activity in synovial sarcoma, with five of 33 patients achieving stable disease for 16 weeks or more.118

Immunotherapy

Immune checkpoint inhibitors of PD-1 (programmed cell death protein 1) and CTLA-4 (cytotoxic T-lymphocyte-associated protein 4) have been studied as treatment for soft tissue sarcoma patients. Two clinical trials, one with single-agent pembrolizumab and the other with nivolumab or a combination of nivolumab and ipilimumab, included 12 synovial sarcoma patients.119,120 One of these patients, treated with pembrolizumab, had brief tumor response.120 It is noted that, compared to undifferentiated pleomorphic sarcoma and dedifferentiated liposarcoma, synovial sarcoma expresses fewer inflammatory 355genes, has less PD-L1 (PD-1 ligand) staining, and lower T-cell fraction and T-cell clonality, suggesting synovial sarcoma is less likely to respond to these therapies.

NY-ESO-1 is a cancer testis antigen expressed by various tumors, but with very limited expression in normal tissue, and it has been studied as a target for immunotherapy. Synovial sarcoma expresses NY-ESO-1 in 80% of cases.121 LV305 is a lentiviral vector NY-ESO-1 vaccine that targets dendritic cells, which then induce, or prime, an NY-ESO-1-specific T-cell response. CMB305, a prime-boost immunotherapy regimen, consisting of LV305 priming followed by repeated dosing with G305 (recombinant NY-ESO-1 protein combined with a TLR-4 agonist), has been studied in patients with NY-ESO-1 expressing solid tumors. This vaccine therapy was well tolerated, and 53% of the synovial sarcoma patients in the study had a best response of stable disease, with a 1-year survival rate of 86%.122 Another approach under investigation is genetic modification of autologous T cells so that the T-cell receptors recognize NY-ESO-1. This strategy is restricted to specific HLA type, HLA-A*02:01 or in another study HLA-A2*02:06.123,124 Objective responses among synovial sarcoma cohorts were noted in at least 50% of patients.

Multidisciplinary Management of Metastatic Disease

Pulmonary Metastectomy

For patients with oligometastatic sarcoma, NCCN guidelines recommend consideration of metastectomy or use of other modalities, such as stereotactic body radiation therapy (SBRT) or ablation, in addition to management of the primary tumor and systemic therapy, as indicated.87 Lungs are a common site of sarcoma metastasis, and there are a number of reports of outcomes following pulmonary metastectomy. Median overall survival following pulmonary metastectomy ranges from 33 to 45 months,125,126 and 5-year survival rates range from 25% in a systematic review of the literature including all subtypes of soft tissue sarcoma to 58% in a single institution series of synovial sarcoma patients.127,128 Longer time from primary tumor treatment (>1 year), solitary metastasis, and complete resection of pulmonary metastases are factors associated with better survival after pulmonary metastectomy.

Radiation Therapy

SBRT may be an alternative when surgical excision of lung metastases is not feasible. Several series have been published, with varying radiation dosing regimens and follow-up periods, demonstrating lesion control rates of 82% to 96%.129–132 As there has not been randomized, prospective study of pulmonary metastectomy or SBRT as therapy for soft tissue sarcoma metastatic lesions, the true impact on survival is unclear.

SUMMARY

Synovial sarcoma can present in patients of any age, but it tends to occur in younger patients. Correct diagnosis is important, and molecular diagnostic tools play an important role in making a diagnosis of synovial sarcoma. Synovial sarcoma is an aggressive disease, with propensity for metastatic spread. At the same time, it is considered a chemotherapy-sensitive type of soft tissue sarcoma. In the setting of high-risk, localized disease, multimodality therapy, including chemotherapy and radiation therapy, should be considered along with complete excision by an orthopedic oncologist or surgical oncologist with sarcoma expertise. Treatment options for metastatic soft tissue sarcoma, including synovial sarcoma, are increasing, including exciting immunotherapy advances.

 





CASE STUDY

A 31-year-old woman presented with a 3-month history of cough, dyspnea on exertion, and one episode of hemoptysis. This was initially thought to represent upper respiratory tract infection, but persistence of symptoms prompted a chest radiograph, which showed a mass-like density in the right lower hemithorax. CT scan confirmed a large, pleural-based mass in the posterior right chest, along with two 5-mm left lower lobe nodules. CT-guided core-needle biopsy showed atypical spindle cells, and other areas of epithelioid tumor cells in nests and glands, with >5 356mitoses per high power field, and immunohistochemical stains positive for TLE1, and FISH positive for SS18 gene rearrangement, consistent with a diagnosis of biphasic synovial sarcoma.

She was treated with preoperative radiation therapy to the right lung mass, to a total dose of 50 Gy. This was followed by radical resection, including the right lower lobe, partial diaphragm, and chest wall, with negative margins. Unfortunately, postoperative chest CT scan showed the left lower lobe lung nodules to be enlarging. Biopsy of one of the lung nodules was positive for metastatic synovial sarcoma.

Over the next 5 months, she was treated with six cycles of doxorubicin and ifosfamide, with partial response of visible tumors. Following chemotherapy, wedge resection of a portion of the left lung was done to resect residual disease. CT scan 4 months later showed new nodules in both lungs. She was treated with pazopanib, with stable disease for 5 months. At the time of disease progression, she was treated with two cycles of doxorubicin/olaratumab, with partial response. She then enrolled in a clinical trial at a major cancer center, and was treated with genetically engineered NY-ESO-1-specific T cells, after cyclophosphamide and fludarabine conditioning chemotherapy. She had a partial response to the T cells, lasting 5 months.

Since then, she experienced continued progression of the metastatic disease in both lungs. Over the course of 7 months, she was treated with ifosfamide, though treatment was complicated by pancytopenia and several hospital admissions for neutropenic fever. She has recently initiated treatment with trabectedin, and treatment is ongoing.
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Immunotherapy for Sarcoma



Catherine M. Albert and Seth M. Pollack


Sarcomas are mesenchymal malignancies with over 50 distinct subtypes. This diverse group of diseases interacts with the immune system in many different ways. However, it is only over the past few years that the community of sarcoma physicians and researchers has started to appreciate how the incredible diversity of sarcoma tumors may shape their responses to immunotherapy. Today, the field of immunotherapy is exploding and finally starting to observe results that may incorporate immunotherapy into the standard of care for certain sarcoma subtypes. This chapter describes promising studies and therapies, including novel combinations of checkpoint inhibitors, cellular therapies, oncoytic viral therapies, cytokine treatments, and vaccines. As the understanding of the tumor immune microenvironment continues to evolve, novel agents and therapeutic combinations will undoubtedly continue to lead to improved care for patients with sarcoma.
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INTRODUCTION

Sarcomas are mesenchymal malignancies with over 50 distinct subtypes; hence, it is no surprise that this diverse group of diseases interacts with the immune system in many different ways. However, it is only over the past few years that the community of sarcoma physicians and researchers has started to appreciate how the incredible diversity of sarcoma tumors may shape their responses to immunotherapy.1 Over 100 years ago, William Coley first administered streptococcal infection with therapeutic intent that successfully resulted in the spontaneous cancer regression observed in a patient with advanced sarcoma. In the 1980s, Rosenberg and colleagues at the National Cancer Institute ran pioneering trials using high doses of interleukin 2 (IL-2), observing durable disease response in a minority of melanoma and renal cell carcinoma (RCC) patients.2 The potential benefits of cellular therapies were demonstrated through the “graft vs. malignancy” effect seen following allogeneic transplantation and through the observation that tumor infiltrating lymphocytes (TIL) expanded ex vivo could induce durable tumor regression in patients with advanced and refractory melanoma.3,4

Today, the field of immunotherapy is exploding. Monoclonal antibodies targeting immune checkpoints and cell surface proteins that downregulate T-cell activation have demonstrated incredible efficacy across a range of cancer types, in most cases with an excellent toxicity profile.5–7 T cells with engineered antigen specificity have transformed the treatment of lymphoid malignancies8 and are under investigation in many solid tumors.8 Fulfilling the long-discussed promise of immunotherapy for metastatic sarcoma, we are finally starting to observe results that may incorporate immunotherapy into the standard of care for certain sarcoma subtypes. Analysis of the specific sarcoma subtypes and interactions with the tumor microenvironment have proved crucial for this evolution. However, much work remains to move these gains to the vast majority of sarcoma subtypes and to discover the optimal regimens to use them.9

NOVEL COMBINATIONS OF CHECKPOINT INHIBITORS

More work is needed to characterize the response pattern of sarcoma patients using programmed death protein-1 (PD-1) and programmed death ligand-1 (PD-L1) inhibitors, but we starting to see patterns emerge. The first effort to characterize the response of soft tissue sarcoma (STS) and bone sarcoma patients to PD-1 inhibition was the SARC028 study. This single-arm, Phase II study tested the PD-1 inhibitor, pembrolizumab, in patients with refractory disease.10 The study included 40 patients with bone sarcoma and 40 with STS. Responses were mostly limited to patients with undifferentiated pleomorphic sarcoma (UPS) and dedifferentiated liposarcoma (DD LPS) along with one short-lived partial response within the synovial sarcoma (SS) cohort. No responses were seen in leiomyosarcoma (LMS) patients on the SARC028 study and this was a bit surprising as LMS often has both PD-L1 expression and T-cell infiltration. This finding was supported in a separate study of nivolimab in advanced uterine LMS, where again little activity was observed.11 Only one patient of 22 with osteosarcoma (OST) and none of the Ewing sarcoma patients responded, but one of five patients with chondrosarcoma responded. Interestingly, in one responding LMS patient, a phosphatase and tensin homolog (PTEN) mutation may have induced treatment resistance.12 Expansion cohorts were performed for UPS and DD LPS, which yielded promising results, recently reported by the American Society of Clinical Oncology (ASCO).13 In one of the biggest success stories for checkpoint inhibitors in sarcoma, the combination of pembrolizumab and axitinib has induced impressive and often durable responses in alveolar soft part 366sarcoma, including in refractory patients.14 PD-1 inhibitors are being tested in other clinical settings, including neoadjuvant, in the multicenter SARC032 study (NCT03092323).

Cytotoxic T-lymphocyte associated protein-4 (CTLA-4) inhibition combined with anti-PD-1 therapy improves survival for melanoma patients, albeit with more toxicity.15 A study of CTLA-4 inhibition in SS patients showed no value for this treatment in this subtype as a single agent.16 A study combining nivolimab plus a reduced dose of ipilimumab (1 mg/kg) showed impressive clinical activity with the combination.17 Because CTLA4 and PD-1/PD-L1 modulate specific and distinct mechanisms of T-cell immunity, combined checkpoint inhibition has been pursued with even more favorable results.18–20 The Alliance A091401 trial treated patients with the PD-1 inhibitor nivolumab alone or in combination with ipilumumab to adults with advanced STS.21 Patients were randomized to monotherapy or the combined regimen with a total of 96 patients enrolled to the study. Responses were observed in 5% patients on the nivolumab arm and 16% on the nivolumab + ipilumumab arm, suggesting the possibility of benefit to the combination. Responses were observed in patients with UPS, LPS, angiosarcoma, LMS, and myxofibroid sarcoma. Combinations of PD-1 and CTLA-4 are being tested in ongoing studies for gastrointestinal stromal tumor (GIST) at University of California at Los Angeles (UCLA; NCT02880020) and all sarcomas at MD Anderson Cancer Center (NCT02815995).

While these initial studies are encouraging, novel combinations will be critical for using these results to make the benefits more durable and applicable to more subtypes. Doxorubicin may achieve tumor degradation and antigen presentation with a relatively low level of lymphodepletion and a recent presentation suggested encouraging signs of activity.22 Gemcitabine may have a similar impact by modulating vasculature in addition to direct cytotoxicity (NCT03123276). A recent presentation at European Society of Medical Oncology (ESMO) suggested that sunitinib in combination with nivolimab may be effective in refractory patients (NCT03277924). Unfortunately, not all immunotherapy combinations have been successful. The combination of low-dose cyclophosphamide and pembrolizumab had great rationale as metronomic cyclophosphamide can both help treat sarcomas as well as eliminate Tregs, but unfortunately little activity was seen in the combination.23 Novel agents targeting receptors, such as B7-H3, OX40, GITR, IDO, and ICOS have not all panned out as hoped for in other cancers but may still be effective in the right combination regimens when applied to certain sarcoma subtypes.24–27

CELLULAR THERAPIES

The field of cellular therapy for cancer outside transplantation began with the use of tumor-infiltrating lymphocyte (TIL) for melanoma and other tumors with some success. While the plethora of other immunotherapeutic options for melanoma has reduced interest in TIL for melanoma, the use of TIL in sarcoma is having a bit of a resurgence. Historically, we have seen studies of TIL isolation and expansion with excellent in vitro activity in the setting of multiple bone tumors.28 This work has complemented work in preclinical OST models with TIL phenotypically similar to those seen in OST tumors. More recent work suggests that state-of-the-art technique and truly fresh tumor specimen can lead to excellent rates of expansion.29,30 Now clinical trials are ongoing using TIL in the context of intensive lymphodepletion and IL-2 (NCT04052334).

While these approaches remain under investigation with resurgent enthusiasm, T-cell therapy targeting the cancer testis antigens (CT antigens) MAGE-A4 and NY-ESO-1 are continuing to generate excitement. CT antigens are a family of highly immunogenic proteins expressed on a protein level in many cancers and but not in normal adult tissues apart from the testis and the trophoblast.31 In some tumor types, CT antigen expression may confer worse prognosis.32,33 Many cancer types express NY-ESO-1 and MAGE family antigens in a minority of cases and in a heterogeneous pattern. However, SS and myxoid round cell liposarcoma (MRCL) are unique as they both consistently and homogeneously express these immunotherapeutic targets. Over 80% of SS tumors express NY-ESO-1 by immunohistochemistry (IHC),34 generally with a homogeneous pattern.34 MRCL tumors almost always express NY-ESO-1 with homogeneous expression in a majority of cases.35 Endogenous cytotoxic T lymphocytes (CTLs) have been successfully produced from SS and MRCL patients following ex vivo expansion and selection in the presence of whole autologous tumor cells or tumor antigen-pulsed dendritic cells (DCs),36 but gene transfer allows for the production of T cells with uniform and consistently high-affinity TCRs. Cellular therapy targeting multiple CT antigens (NY-ESO-1, MAGE family and PRAME) using this method is being tested at Baylor University (NCT02239861).

Because TCRs recognize cancer-specific peptides, which can be intracellular, they must be recognized in the context of major histocompatibility complexes (MHC), which means they must be matched 367to patients with specific HLA types. HLA-A0201 is among the most common HLA types, expressed by 20% to 40% of the Caucasian population. Multiple investigators conducted clinical trials engineering T cells to target the 157–165 CD8 T-cell epitope of NY-ESO-1, which is presented by HLA-A*02:01.37 Objective responses were observed in a majority of patients following cellular therapy targeting NY-ESO-1, demonstrating that NY-ESO-1 is an excellent target for these tumor types.38,39 In a pilot study testing a high affinity, NY-ESO-1-specific T-cell receptor (TCR), responses were seen in the majority of patients.38,39 More recent studies have only improved on those original results and also underscored the importance of lymphodepletion as part of the conditioning for these patients.40 Much work remains to be done to improve on these results as the responses patients have are rarely durable. UCLA has been investigating combinations with dendritic cell vaccination41 and CTLA-4 inhibition. CT antigen targets other than NY-ESO-1 may make this more successful; MAGE-A4 remains an extremely promising target, and high response rates were reported in early trials.42

More recently, the dramatic successes of T cells engineered to express chimeric antigen receptors (CARs) targeting lymphoid malignancies have generated a desire to apply these approaches to solid tumors and sarcoma in particular.43 It is important to recognize that CAR T cells have a number of important differences from TCR-engineered T cells. These receptors recognize their target with the scFv portion of an antibody bound to a costimulatory domain (CD28 or 41BB) and a CD3ζ chain of the TCR so they can recognize cell surface, membrane bound proteins in a way that is HLA-independent. Identification of CAR targets is challenging, but there are some exciting emerging possibilities. CAR T-cells targeting Her-2 were used for patients with OST and epithelioid sarcoma (ES) resulting in tumor necrosis,44 and novel approaches may further enhance these responses.45 B7-H3, along with possibly G2D, may be a particularly exciting target,46 and it is currently in clinical trials ongoing now (NCT00902044, NCT02107963, NCT01953900).

MANIPULATING THE SARCOMA IMMUNE MICROENVIRONMENT

A plethora of studies have analyzed PD-L1, PD-1, and other immune-related biomarkers in sarcoma tumors. One of the earliest of these reports examined 105 sarcoma tumors, including specimens from a diverse group of subtypes.47 PD-1 expressing TIL and PD-L1 expression on tumor cells was observed in 65% and 58% of cases. Both PD-1 and PD-L1 expression were associated with both higher tumor grade and advanced stage, and were independent prognostic indicators for OST and progression-free survival (PFS). A later study of 50 STS patients with a broad mix of subtypes found lower levels of PD-1 and PD-L1 expression emphasizing that it is difficult to generate broad characterization of sarcomas because the expression of these immune markers varies so much from subtype to subtype.17 Another study used the nanostring gene expression platform with a focus on UPS, LMS, SS, and liposarcoma subtypes, and found that UPS had high levels of genes related to antigen presentation and T-cell infiltration. SS and MRCL tumors showed significantly lower expression of such genes including low levels of the MHC/HLA that are essential for antigen recognition by T cells as well as the of genes associated with T-cell infiltration, such as the IL-7 receptor-encoding (IL-7R) gene.48 These patterns of expression appeared to also apply to expression of PD-L1 on tumor and PD-1 on infiltrating T cells, with the levels of expression highly correlated to T-cell infiltration and expression of genes related to antigen presentation.

The very low levels of T-cell infiltration, MHC expression, and expression of PD-L1 suggest an overall “quiet” or “cold” tumor immune microenvironment in STS. However, a phase 0 trial suggested that interferon gamma may be able to transform this into a “hot” environment as evidenced by increased T-cell infiltration and MHC expression; however, this regimen also resulted in the upregulation of PD-L1 in tumors.49 An ongoing National Cancer Institute (NCI)-sponsored Phase 2 trial of pembrolizumab in combination with interferon gamma-1b has recently been amended to include metastatic and unresectable SS and MRCL (NCT03063632).

Other investigators have sought alternative strategies for manipulating the sarcoma immune microenvironment. Macrophages are myeloid derived cells that play a crucial role in manipulating the tumor immune microenviroment and have a critical prognostic importance for LMS patients50–52 but may also play an important role for many other types of sarcoma.53,54 These monocyte-derived cells can shift phenotype and function on a spectrum between the inflammatory M1 phenotype, which secretes IL-12 and has high class II MHC expression, and the M2 phenotype, which plays a role in wound healing and secretes inhibitory cytokines including IL-10 and transforming growth factor beta (TGFβ).55 Pexidartinib is tyrosine kinase inhibitor (TKI) selective for the colony-stimulating factor 1 receptor (CSF1R) kinase, recently Food and Drug Administration (FDA) approved for the treatment of tenosynovial giant cell 368tumor based on marked clinical activity.56 CSF1R (also known as CD115) is a classic marker for immune inhibitory macrophages, and inhibiting this receptor could play an important role in combination immunotherapies. A Phase I study combining pexidartinib and sirolimus is recruiting patients with advanced sarcomas (NCT02584647).57 A number of groups have attempted to target macrophages through targeting CD47.58 Trabectedin is part of standard of care treatment for sarcoma and also has potent antimacrophage activity,59,60 and trials combining trabectedin and checkpoint inhibitors are also ongoing (NCT03074318, NCT03138161). Manipulation of the tumor microenvironment with other agents, including a Toll-like receptor (TLR) agonist, may induce a globally inflamed environment including conversion of tumor-associated macrophages (TAMs) from M2 to M1, and trials are ongoing to attempt to exploit this effect.61

OTHER PROMISING STRATEGIES

Oncoytic Viral Therapies

Oncolytic viruses are attenuated or engineered viruses that either have direct cytolytic activity in tumors with at least some tumor specificity and targeting and/or operate by attracting an inflammatory antitumor immune response into the tumor that can then fight cancer systemically.62,63 A wide variety of viral vectors have been gaining traction with encouraging activity against a variety of tumors.64 Talimogene laherparepvec (Tvec) is a modified herpes simplex-1 virus engineer express GM-CSF (granulocyte macrophage colony-stimulating factor) that has been FDA approved as a treatment for melanoma and works better in combination with checkpoint inhibition.65 Because STS can be superficial and injectable at the bedside, there has been some interest in finding applications for Tvec in this space. There is some evidence it may have applicability for other solid tumors.66 Because sarcomas are often large and difficult to resect, the University of Iowa has been exploring its use in the localized setting both alone and with checkpoint blockade (NCT02453191). Memorial Sloan Kettering Cancer Center (MSKCC) investigated the use of Tvec along with pembrolizumab in 20 patients with metastatic sarcoma who had injectable lesions and reported responses in four, suggesting that this might be an area for further investigation.67 Combinations with other immunotherapies, chemotherapy, and radiation may further potentiate responses. Preclinical activity using other oncolytic viral therapies has been demonstrated in a variety of models and this is will undoubtedly be an active area of future research.68–70

Cytokine Treatments

Cytokine formulations, such as pegylated IL-2,71 may work well in combination with checkpoint strategies. IL-15 may be a key cytokine for future studies and novel formulations and compounds could potentially make this active either as a single agent or a part of a combination.72 Delivery remains a challenge for IL-12 therapy but multiple investigators are working to bring novel formulations to the clinic.73

Vaccines

The field of sarcoma, like many fields in oncology, has a frustrating history with vaccines. These treatments work by stimulating the endogenous antitumor immune response. One of the most prominent disappointments for the field was a placebo-controlled, multicenter trial that tested a trivalent peptide vaccine against multiple ganglioside antigens. Vaccinologists have long suspected that peptide-induced vaccine responses can be slow in onset, so the trial focused on patients with no evidence of disease following metastectomy in a placebo-controlled, multicenter trial.74 Although more serologic responses were seen following vaccination, there was no significant difference in PFS between trial arms. A pilot study using peptides spanning the SYT–SSX fusion in SS patients resulted in one transient response.75

There is a long history of using vaccines to induce responses against cancer testis antigens with some success at inducing immune responses with potential evidence of clinical activity.76 LV305 was an integration-deficient lentiviral vector that selectively targeted CD20977–79 on DCs and was able to induce strong T-cell responses in trials targeting NY-ESO-1 in SS and MRCL patients.80,81 Phase I/II studies of this vaccine showed impressive results with 1-year overall survival (OS) of 82%.82 Combining this vaccine with a TLR4 agonist and protein vaccine (NCT02387125) resulted in an even deeper induction of antibody and CD4+ T-cell responses83 and may have worked even better in combination with a PD-L1 inhibitor.84 However, weak activity and logistical issues with a complicated trial design led to an abandonment of a pivotal Phase III trial. DC were also targeted in another vaccine trial that included an NY-ESO-1 protein bound to CD205, which did appear to have immunologic activity in some sarcoma patients; however, this therapy is no longer in development.85

369Regardless, there are a number of promising strategies that may still have activity in the optimal regimen and clinical setting. A number of different trials have attempted to use DC vaccines pulsed with autologous tumor proteins, tumor lysate, or tumor-specific peptides with varying degrees of success.86–88 Other strategies using autologous tumor have engineered tumor cells for increased immunogenicity. DC pulsed with sarcoma tumor lysate and other tumor-specific targets are being examined in combination with gemcitabine and in other regimens (NCT01803152; NCT03034304). The Vigil trial is an ongoing study in Ewing sarcoma patients receiving second-line chemotherapy (NCT03495921). This trial uses autologous tumor that has been engineered to express GM-CSF and to inhibit production of Furin, an enzyme that activated TGFβ.89

SUMMARY

Immunotherapy has transformed the treatment of many cancers leading to longer lives for countless patients with improved quality of life. In sarcoma, these advances have been slower, but we are finally making progress. We have started to identify areas where anti-PD-1 therapy can be incorporated into the standard of care, and T cells engineered to recognize HLA-restricted epitopes of cancer testis antigens are likely to become used more widely. As our understanding of the tumor immune microenvironment continues to evolve, novel agents and therapeutic combinations will undoubtedly continue to lead to improved care for patients with sarcoma.
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The application of cellular therapies for the treatment of sarcoma is in its infancy, but is rapidly evolving in an era of technological advancement with increasing integration into multidisciplinary oncology care. Given the increasingly prominent role of immunotherapy, clinicians must learn the intricacies of emerging cellular immunotherapies for solid tumors. For solid tumors, progress has been limited, consequent to a unique set of challenges imposed by the tumor microenvironment and the technical challenges of delivering cells into tumors. Sarcomas are certainly challenging with respect to these factors as well as the complexity imposed by extreme biologic heterogeneity across a myriad of subtypes. These caveats result in some tumor types being more amenable to immunotherapeutic approaches than others. This chapter provides an overview of history and development of cellular therapy, which notably originated in transplantation and has experienced early success in treatment of hematopoietic malignancies. The chapter considers challenges currently limiting the field and incorporates more recent and modest attempts at applying cellular therapies toward treating sarcoma.
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INTRODUCTION


Nature often gives us hints to her profoundest secrets.1

—William B. Coley, Memorial-Sloan Kettering surgeon and immunotherapy pioneer



Given the increasingly prominent role of immunotherapy, clinicians must learn the intricacies of emerging cellular immunotherapies for solid tumors. For solid tumors, progress has been limited, consequent to a unique set of challenges imposed by the tumor microenvironment and the technical challenges of delivering cells into tumors. Sarcomas are certainly challenging with respect to these factors, in addition to complexity imposed by extreme biologic heterogeneity across a myriad of subtypes. These caveats result in some tumor types being more amenable to immunotherapeutic approaches than others.

This chapter begins with an overview of the history and development of cellular therapy, which notably originated in transplantation and has experienced early success in treatment of hematopoietic malignancies. Following introduction of key molecular and immunologic underpinnings, challenges currently limiting the field will be considered, in addition to the unique set of complications and adverse events that are imposed. Throughout the chapter, more recent and modest attempts at applying these therapies toward treating sarcoma will be contextually incorporated.

CELLULAR IMMUNOTHERAPY: HISTORICAL BACKGROUND AND PRINCIPLES

Historical Background

It has been more than a century since William B. Coley boldly repurposed live cultures of Streptococcus pyogenes and Serratia marcescens for the treatment of soft tissue sarcoma (STS) and bone sarcoma patients—a strategy that would later employ heat-killed strains in a process known as “mixed bacterial vaccination.”2 Despite the profound insight gleaned by Coley, only recently has immunotherapy gained broad acceptance as an integral component of multidisciplinary cancer care. Indeed, the term “Coley’s toxins” was far from a term of endearment, a label applied by his many fierce critics based on the treatment’s associated toxicities. Thankfully, with the establishment of several key immunologic principles, the wisdom and rationale of using cellular products to stimulate an immune response is now better understood.

While Coley’s approach aimed to stimulate, or otherwise induce an anticancer immune response through vaccination, much of modern-day cell therapy focuses on isolating, expanding, or manipulating immune cell products that have tumor killing capacity. Early efforts centered around isolation of tumor reactive T cells from patients and then reinfusion following stimulation and expansion. Presently, our group and others use genetically engineered cell therapy products to engender tumor antigen recognition through T-cell receptor, antibody, or natural receptor/ligand-based systems. Previously, these approaches were limited in their feasibility and scalability, but now these products are readily manufactured.

To date, much of the success with cellular immunotherapy for cancer has been realized with leukemia and lymphoma, commonly referred to as “liquid tumors.”3 Progress with solid tumors, such as STS, has been more difficult, save some notable clinical results in melanoma patients.4 Promising clinical programs are underway for synovial cell sarcoma, but there are no effective immunotherapies for 374the majority STS subtypes.5,6 Success for solid tumors will require a more comprehensive approach to account for immunosuppressive tumor microenvironments and delivery issues.7,8

Clinical Adaptation and Classes of Cellular Immunotherapies

Cellular immunotherapy arose from a series of cumulative advances in genetic and molecular engineering, which synergized with parallel advances in cell and tissue culture technique. While working in the field of transplant tolerance in the 1950s, Mitchison made the seminal observation that the cellular arm of the immune system is responsible for tissue rejection.9 When Billingham, Brent, and Medawar transferred cellular material to fetuses in utero, seeking to induce a state of “actively-acquired tolerance,” they performed the first adoptive cellular transfer (ACT) and provided a delivery platform that could be exploited for a panoply of future cellular immunotherapies.10

Other major discoveries that contributed to the modern-day manifestation of cellular therapies included the theory of clonal selection and the technique of hybridoma formation for the generation of monoclonal antibodies.11 The theory of clonal selection solidified the concept that the immune system is composed of distinct functional cell populations and provided irrefutable evidence of the clonality of adaptive immune cells. Meanwhile, monoclonal antibodies provided an armamentarium of specific investigative probes that facilitated the identification of novel molecules and subsequent knowledge of immune signaling pathways. While details of these discoveries are outside the scope of this text, their collective influence undoubtedly shaped the evolution of cellular immunotherapies and the availability of monoclonal antibodies enabled the development of chimeric antigen receptor T cell (CAR-T) products (see later discussion of CAR-T).

Lymphokine-Activated Killer Cells

In a key technological advance, the Gallo Laboratory of Tumor Cell Biology at the National Cancer Institute (NCI) in Bethesda, Maryland, published reliable methodology for in vitro culture of T lymphocytes isolated from human bone marrow.12 Shortly after the identification, cloning and recombinant expression of interleukin 2 (IL-2), also known as T-cell growth factor, allowed for selection and expansion of tumor-specific lymphocytes for therapeutic purposes.13–15 One of the first applications of ACT against cancer involved the transfer of lymphokine-activated killer (LAK) cells, which are bulk, heterogeneous, nonspecific autologous lymphocytes cultured in recombinant IL-2.16 In a preclinical model of metastatic sarcoma, LAKs were significantly more effective at reducing the number of pulmonary micrometastases than were splenocytes or IL-2 alone.17 A subsequent NCI clinical trial examined the therapeutic response to LAK cells with supplemental IL-2 infusions against a variety of human cancers, including melanoma, renal cell carcinoma, and four sarcoma subtypes—osteosarcoma, neurofibrosarcoma, synovial cell sarcoma, and undifferentiated pleomorphic sarcoma—with objective clinical responses observed in 11 of 25 patients, though none with sarcoma responded. The therapeutic utility of LAK cells was short-lived, however, as a subsequent study in a larger cohort of 181 melanoma and renal cell carcinoma patients compared LAK + IL-2 with IL-2 alone, with no significant benefit seen in patients who received LAK cells.18

Tumor-Infiltrating Lymphocytes

Given that LAK therapy involved ACT of nonspecific lymphocytes without defined tumor reactivity, the next iteration of cellular therapies focused on isolation and expansion of tumor-infiltrating lymphocytes (TILs) from surgically resected tumor specimens. Contemporary TIL manufacturing generally involves tumor excision, culturing of tumor fragments supplemented with IL-2, and screening cells for tumor recognition prior to expansion.19 Production of TILs requires a resectable tumor specimen and the presence of infiltrating lymphocytes that can be selected on the basis of their avidity for a tumor-associated antigen (TAA).20 TIL can alternatively be expanded in bulk using anti-CD3/CD28, without the use of TAA, which offers a conceptual advantage over genetically engineered strategies that require a designated TAA. Further, since TILs occur naturally and have matured through the process of thymic selection, there is no concern with off-target tissue damage, which is a concern with other forms of cellular therapy.21 Frequency of TILs does vary by tumor type, as evidenced by Balch et al, who prepared single-cell suspensions from 120 human tumor specimens and quantified the percentage of TILs among tumor cells.22 Renal cell carcinoma had more TILs (65%) than tumor cells (35%), while melanoma had 30% to 35% TILs, and sarcoma had 36% TILs.22

The Rosenberg group from the NCI Surgery Branch were among the first to publish the effectiveness of TIL-based ACT in a mouse model of metastatic sarcoma that uses intravenously injected MCA-105 cells.23 In this model, TILs cleared pulmonary micrometastases and were 50 to 100 times more potent on a cell-by-cell basis as compared to LAK cells, but were unable to eradicate larger, more established 375metastases. To promote in vivo expansion of TILs, preconditioning treatment with cyclophosphamide was incorporated to lymphodeplete the host prior to ACT, which resulted in curing 50% of mice with advanced sarcoma pulmonary metastases with a median survival time (MST) of 84 days, as compared to 0% cure and MST of 21 days among untreated mice.

Based on these preclinical findings, an NCI-sponsored clinical trial was similarly designed and conducted to examine therapeutic efficacy of TILs in patients with metastatic melanoma who were preconditioned with cyclophophamide.24 Eleven out of 20 subjects demonstrated an objective response with greater than 50% reduction in tumor burden, and one patient had a complete response (CR), though the durability of response was variable (range 2–13 months). This study also highlighted the difficulty using TILs in the clinical setting, as there were 17 additional enrolled patients who were intended for TIL ACT, but did not receive treatment owing to disease progression during treatment preparation. While the duration of TIL expansion ranged from 24 to 56 days among the 20 patients who received TIL, the inability or delay in culturing TIL for the remaining patients underscores the need for efficient cellular manufacturing processes. This remains an ongoing challenge in the field and has implications for more advanced technologies including autologous CAR-T cell platforms. A shift toward allogeneic, “off the shelf,” products has been advocated by some groups as a possible solution to progression during the production period.

In summary, the genesis and early development of TIL ACT was primarily conducted at the NCI over the past three decades. Multiple Phase 1 and 2 trials were conducted to treat metastatic melanoma, in which objective remission rates of 49% to 72%, that is, complete and partial responses, were observed. Two separate publications provide an overview of the TIL experience at the NCI, spanning the periods from 1989 to 1993 and from 2002 to 2007.20,25 Improvements in the ability to culture TIL from tumor specimens are noted, with 60% of tumor specimens yielding TIL in the 1989 to 1993 cohort as compared to 94% from 2002 to 2007. Interestingly, extranodal tumor specimens had greater cytolytic activity in the older data set, while TILs were more easily cultured from lymph node specimens in the recent data set. TILs isolated from metastatic melanoma tumor deposits in gastrointestinal tissue were less likely to yield functional therapeutic TILs, whereas pulmonary and lymph node metastases were generally more successful. These series suggest that greater functional heterogeneity exists among TILs with respect to their tissue of origin and that further methodologic refinements may exist to improve their therapeutic utility.

Preconditioning Lymphodepletion Regimens

The majority of cell-based therapy protocols involve a preconditioning regimen intended to eliminate suppressive immune cells and create a cytokine milieu that will expand and stimulate adoptively transferred cells. Endogenous T regulatory (Treg) cells were thought to significantly influence local cytokine concentrations in the tumor microenvironment (TME) by acting as “IL-2 sinks” or by inhibiting adoptively transferred TILs through direct cell-cell contact mechanisms. Preclinical models had demonstrated a correlation between the extent of pre-ACT lymphodepletion and clinical response.26 Thus, to improve the objective response rate in humans and to further mitigate the contributions by endogenous Treg cells, investigators incorporated total-body irradiation (TBI) and cytotoxic agents to preconditioning regimens. Compared to a 49% response rate seen with cyclophosphamide and fludarabine preconditioning, addition of TBI, at a dose of 2 or 12 Gy, increased response rates to 52% and 72%, respectively, in metastatic melanoma patients.27 Aggressive preconditioning regimens have been associated with increased serum concentrations of IL-7 and IL-15, which are integral to lymphocyte homeostasis and also promote engraftment. Unfortunately, preconditioning regimens may also increase the likelihood of uncontrolled cell therapy activity, which may lead to severe cytokine release syndrome (CRS) and neurotoxic manifestations, both of which will be addressed below. We have adopted a multidose regional infusion strategy to avoid such complications and provide a more controllable cell therapy clinical treatment platform (NCT01373047, NCT02416466, NCT02850536, NCT03682744).28,29 However, the need for preconditioning will likely vary with the nature of the cell therapy product, disease burden, and clinical indication.

Characteristics of Effective TIL

Seeking to identify histopathologic correlates of effective TILs, the number of TILs in resected colorectal and ovarian tumors were examined with respect to clinical outcomes, where patients with a higher frequency of T helper type 1 (Th1) TILs demonstrated a survival advantage.30 Th1 cells are activated and differentiated CD4+ T helper cells, which characteristically secrete cytokines, such as interferon-γ (IFN-γ) and IL-2 to promote cell-mediated antitumor responses. Additional phenotypic characteristics of TILs, such as telomere length and expression of the costimulatory molecule, CD28, correlate with 376objective clinical responses and TIL persistence/engraftment following TIL ACT.31 Defining an ideal TIL phenotype for broad application in solid tumors will be challenging, given the vast biologic heterogeneity among patients, and even further among each patient’s varied metastatic tumor deposits.

TIL Approaches in Sarcoma

The application of TIL ACT for the treatment of sarcoma has been limited, partly because of the difficulty posed by the existence of more than 50 histologic subtypes with a broad range of biologic features.32,33 In one sample of 249 STSs containing at least eight histologic subtypes, only 15% of patients had high-frequency CD8+ TILs.34 Yet, in another study of more common STS subtypes, such as well-differentiated liposarcoma, a substantial number of CD3, CD4, and CD8 lymphocytes were observed.35 To potentially improve lymphocyte frequency within sarcoma specimens prior to TIL production, a Phase 2 trial for patients with advanced/metastatic STS opened in October 2018 and is designed to evaluate the safety and efficacy of an oncolytic peptide injection (LTX-315), which is hypothesized to induce T-cell infiltration prior to tumor resection (NCT03725605). The study is projected to complete enrollment in February 2023.

TIL Summary

TIL-based ACT has shown objective response rates of approximately 40% in patients with metastatic melanoma, even among those who have failed checkpoint inhibitor therapy.36 However, widespread adoption of this approach has been impeded by the technical difficulties in generating TILs from all patients, the amount of time required to expand TILs, and the toxicities associated with harsh preconditioning regimens. As will be discussed in the next section, T-cell receptor (TCR) or chimeric antigen receptor (CAR) engineered strategies offer alternative cellular therapies for patients whose tumors are not suitable for TIL isolation and production. Furthermore, advanced cell therapy products have shown more promise for sarcoma patients as compared to TIL therapy.

Chimeric Antigen Receptor T Cells (CAR-T)

Introduction

Over the past decade, the introduction of CAR-T has led to meaningful improvements in outcomes for patients, largely for those with hematopoietic malignancies. These “liquid tumors” are readily treated by systemic infusion of CAR-T, but treatment of solid tumors, such as skeletal and soft tissue sarcomas, is hampered by delivery and trafficking challenges inherent to an organized tumor mass. Barriers to delivering CAR-T to solid tumors include aberrant vasculature, migration through dense stroma, and an elevated interstitial fluid pressure (IFP). Furthermore, systemic CAR-T infusions are associated with severe CRS, among other toxicities including on-target/off-tumor effects. Herein, the cellular and molecular principles behind CAR-T immunotherapy, the current limitations of CAR-T treatment for solid tumors, and recent progress in clinical trials using CAR-T to treat sarcoma will be reviewed.

Evolution of CAR Therapy

Reliable production of highly specific cellular therapeutics has become possible because of advances in genetic engineering of autologous T cells. In 1987, the first immunoglobulin T-cell receptor (IgTCR) fusion proteins were created by Kuwana et al.37 In contrast to TILs, these novel CARs allow production of antigen-specific T cells without isolation from patient tumor samples. Advancement in understanding the TCR signaling apparatus, whereby the TCR CD3 complex was identified as the conduit to T-cell activation, prompted development of the first-generation CAR, where CD3-ζ replaced the α and β TCR chains of the IgTCR (Figure 29.1). Further advances led to the inclusion of costimulatory molecules such as CD28 and 4–1BB in second-generation CAR to enhance activation and persistence in vivo.

CAR platforms have the advantage of enabling products to exploit a major histocompatibility complex (MHC)-independent means of antigen-specific activation, thereby enabling its use in any patient with tumors that express the relevant antigen. Other investigators transduced autologous T cells with high-affinity, tumor-specific TCRs, which are MHC-dependent and require HLA haplotype matching between the TCR clone and the patient to avoid the issue of graft–host histocompatibility. One significant advantage of TCR and TIL approaches is that intracellular antigens, presented by MHC, can be targeted. CAR-T, on the other hand, are capable of binding only to tumor antigens expressed on the cell surface.

CAR Construct Design and Delivery

CAR constructs are composed of an ectodomain, a transmembrane domain, and an endodomain (Figure 29.1). The ectodomain typically consists of an antigen-binding, single chain variable fragment 377(scFv) derived from the light and heavy chains of an immunoglobulin, as well as a peptide linker and a hinge domain. The endodomain contains the CD3-ζ chain to propagate the signal, as well as a costimulatory domain(s). CAR constructs are generally introduced to activated lymphocytes using a lentiviral or retroviral vector, which randomly integrates in the host genome and may cause deleterious effects. Consequently, newer CAR strategies have employed knock-in approaches with gene-editing technologies such as CRISPR-Cas9 to achieve a more controlled, targeted insertion of the CAR transgene.38
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FIGURE 29.1  Evolution of chimeric antigen receptors (CARs). (A) Native immunoglobulin structure consisting of 2 heavy (H) chains and 2 light (L) chains, each with variable (VH, VL) and constant (CH, CL) regions. Antigen (Ag) binding site occurs in the variable fragment (Fv) region. Single-chain Fv (scFv) regions are engineered for use in CAR. (B) Native antibody T-cell receptor (TCRs) with associated CD3 subunits propagate intracellular signals through immunoreceptor tyrosine-based activation motifs. (C) First-generation CARs (left) are typically made of scFv and CD3z, joined by a transmembrane linker. Second-generation CARs (middle) are similar to first-generation CARs but have an additional intracellular costimulatory domain (e.g., CD28 or 4–1BB). Third-generation CARs (right) have >1 costimulatory domain. (D) CAR T cells (CAR-T) engage targeted cell surface Ag, resulting in cytokine secretion and tumor cell lysis.

Source: Reprinted with permission from Hardaway JC, Prince E, Arepally A, Katz SC. Regional infusion of chimeric antigen receptor T cells to overcome barriers for solid tumor immunotherapy. J Vasc Interv Radiol. 2018;29:1019. doi:10.1016/j.jvir.2018.03.001.





Currently, the two FDA-approved CAR-T cell products utilize a second-generation design. More recently, third-generation CAR constructs containing multiple costimulatory domains have emerged, but have not shown clear superiority over first- or second-generation CARs. Fourth-generation CARs that incorporate additional transgenes have also emerged. This class is diverse and covers inducible on/off promoters to regulate CAR expression, suicide genes to eliminate CAR-T in settings of severe immune-mediated toxicities, cytokines, decoy checkpoint receptors, or other immune-modulatory molecules to combat the hostile tumor microenvironment.

CAR-T Successes and Challenges

Hematopoietic Malignancy

The most successful CAR-T therapy to date is CTL019, which targets the B-cell surface antigen CD19. CTL019 was initially approved for treatment of relapsed acute lymphoblastic leukemia (ALL). 378Remarkably, CTL019 achieved complete remission in 90% of patients with refractory ALL, which was sustained in 67% at 6 months.3 Negative effects of CAR-T therapy included CRS, with symptoms ranging from a mild flu-like illness to hypotension, increased vascular permeability, and multiorgan system failure. Neurotoxicity was also seen in the CTL019 trial, occurring mostly as a self-limited encephalopathy but causing seizure activity in some patients.

CAR-T Trafficking and Delivery Barriers in Solid Tumors

Systemic administration of CAR-T for solid malignancy suffers from an inability to discretely traffic to the tumor bed, which may result in “on target, off tumor” toxicity. This ineffective delivery can result in dose-limiting toxicities, as was the case in Phase 1 trial patients with metastatic colorectal adenocarcinoma, who developed severe colitis upon systemic infusion of CAR-T directed against carcinoembryonic antigen (CEA).39 More devastating consequences occurred in a patient with colorectal metastases to the lung and liver who developed massive CRS after systemic infusion of CAR-T directed against ERBB2 (human epidermal growth factor receptor 2/neu).40 The patient developed respiratory distress, cardiac arrest within 12 hours of infusion, and ultimately died 5 days later. Postmortem analysis revealed low-level ERBB2 expression on lung epithelia, which was thought to have engaged CAR-T and caused massive cytokine release.

Two important factors that determine the efficiency of CAR-T delivery into solid tumors include the pressure gradient and distribution of infused cells based on normal blood flow patterns. Pressures within solid tumors can be substantial and can reach up to 130 mmHg, due to disorganized neovasculature with highly permeable capillaries and high levels of extracellular matrix proteins, such as hyaluronan.41,42 As a result, pressures are generally highest at the tumor center with lower levels toward the periphery. Effective intratumoral delivery of any cellular therapy via systemic infusion therefore occurs as a function of the pressure gradient, or the differential between intratumoral and mean arterial pressure. Thus, tumors with elevated pressures impede delivery of CAR-T when standard devices and methods are used. As such, we have combined our regional infusion strategies with high-pressure delivery devices to optimize CAR-T penetration into solid tumors (see “Regional Delivery of CAR-T”).43

From a molecular perspective, many receptor–ligand interactions influence CAR-T navigation into tumor tissue. Our conceptual understanding of T cell homing mechanisms has accumulated from homeostatic and infectious disease studies, whereas manipulation of lymphocyte homing mechanisms is a common immunoevasive strategy employed by tumors.44 More recently, coexpression of the CCR2 chemokine receptor in mesothelin-directed CAR-T was able to increase infiltration by 12.5-fold into mesotheliomas.45 In the sarcoma context, infantile fibrosarcoma (IFS) tumor cells have been shown to express high levels of CXCL10 and CXCL16 chemokines, yet no sarcoma-directed ACT has yet incorporated the use of additional homing mechanisms to increase their efficacy.46 Presumptively, we will see an increasing number of fourth-generation CAR-T that leverage inherent lymphocyte homing machinery to increase therapeutic delivery of CAR-T.

Immunosuppressive Tumor Microenvironment

Even if CAR-T are adequately delivered to, or effectively trafficked to, a solid tumor, their effect is limited by the tumor microenvironment (TME), which exploits preexisting counterregulatory mechanisms that exist to prevent immune-mediated damage to normal host tissue. The TME is thus immunosuppressed, bathed with inhibitory cytokines secreted by a diverse constituency of myeloid derived suppressor cells (MDSC), Tregs, and tumor-associated macrophages (TAMs). Tregs and MDSCs also express cell surface programmed death ligand-1 (PD-L1) and CD80/86, which directly inhibit CAR-T, TAM, and cytotoxic T lymphocytes (CTLs) through programmed death-1 (PD-1) and cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) receptors.

In an osteosarcoma xenograft model using disialoganglioside (GD2)-directed CAR-T, tumor cells were eradicated in vitro, but were ineffective when delivered in vivo due to expansion of murine MDSC.47 However, when mice were treated with all-trans retinoic acid (ATRA), a clinically approved drug that differentiates immature myeloid cells to a nonsuppressive phenotype, GD2-CAR-T regained antitumor effect against osteosarcoma xenografts. Studies from our laboratory have implicated a similar role of hepatic MDSCs as potent mediators of CAR-T suppression in a model of colorectal liver metastasis.7,8

Many studies have identified prognostic correlates of the TME, such as the presence of TILs and improved survival seen among patients with Ewing sarcoma, gastrointestinal stromal tumor (GIST), cutaneous angiosarcoma, and for mixed subtypes, such as leiomyosarcoma, synovial sarcoma, liposarcoma, and undifferentiated pleomorphic sarcoma (UPS).48,49 In another TME analysis of 163 STS specimens—predominantly UPS, synovial sarcoma, fibrosarcoma, and liposarcoma subtypes—PD-L1 379expression and Treg infiltration were associated with tumors that were high grade in patients of advanced age (>65 years old), implicating a potential immunoevasive synergism between PD-L1 expression and Tregs.50 As such, strategies that disrupt PD-L1 and/or deplete Tregs may prove as useful adjuncts in overcoming the immunosuppressive TME in context of cellular therapies.

TAMs are also significant contributors to the sarcoma TME, but do not always behave according to classical M1 and M2 subtypes. That is, M1 macrophages are regarded as proinflammatory, secrete both tumor necrosis factor α (TNFα) and IL-12, and directly mediate tumor lysis, whereas M2 macrophages secrete IL-10 and proangiogenic factors to quell inflammation and favor tumor growth. Based on these functional designations, M2-polarized TAMs are characteristically found in the vast majority of human and murine tumors, but not among GISTs, which are M1-polarized at baseline. When mice with spontaneous GIST were treated with imatinib, TAM transitioned to M2, followed by a return to an M1 phenotype among imatinib-resistant tumors. While the unique oncogenes that drive GIST pathophysiology likely influence the behavior of GIST TAM, these observations underscore the likelihood of unique and complex interrelationships between TME constituents and therapeutic interventions.51 As data regarding the sarcoma TME accumulate, it is apparent that the heterogeneous behavior of the sarcoma TME mirrors the diversity of sarcoma subtypes.

Regional Delivery of CAR-T

Regional infusion of cellular immunotherapies for treatment of hepatic and pancreatic malignancies has been performed using dendritic cells, macrophages, or LAK cells via portal vein injection or hepatic artery infusion (HAI).52 Radiolabeled lymphocytes infused via HAI persist in the liver for up to 120 hours, with only 20% escaping to systemic circulation. Side effects of these therapies are self-limited in nature, with fever and chills most commonly observed. Safety of HAI for delivery of anti-CEA CAR-T (Sorrento/TNK Therapeutics, San Diego, CA) for adenocarcinoma liver metastases was demonstrated in our Phase 1 Hepatic Immunotherapy for Metastases (HITM) trial (NCT01373047), in which the maximum dose was reached without observation of any grade 4 or 5 adverse events.53 Reduced serum tumor marker levels, increased serum interferon-γ, and increased fibrosis/necrosis in posttreatment biopsy specimens were observed. The safety profile of the HITM trial protocol contrasts with the dose-limiting severe colitis that was observed with systemic delivery of anti-CEA CAR-T.

We have expanded the HITM method in subsequent Phase 1 trials: HITM-SIR (NCT02416466), which utilized adjunctive yttrium-90 resin microspheres (SIR-TeX Medical, Sydney, Australia) sequentially delivered in delayed fashion after CAR-T and HITM-SURE (NCT02850536), which incorporated the use of a pressure-enabled drug delivery (PEDD) catheter (TriSalus Life Sciences, Westminster, CO) to increase CAR-T delivery.43,54 In the HITM-SURE trial, two of five treated patients demonstrated a complete metabolic response by PET, with one patient remaining alive after 20 months. Recently, we opened a first-in-human, dose-escalation Phase 1 trial with intraperitoneal CAR-T (IPC) infusion for peritoneal metastases or malignant ascites (NCT03682744). As cellular immunotherapies emerge and are refined for the treatment of sarcoma, regional delivery strategies may prove useful to overcome the physical barriers that impede effective delivery. Several abdominal sarcoma subtypes, including GIST and leiomyosarcoma, may metastasize to the liver or recur as disseminated peritoneal sarcomatosis, thereby potentially benefiting from the HITM and IPC methods.55,56

CHALLENGES RELATED TO SARCOMA BIOLOGIC HETEROGENEITY

Sarcomas display myriad anatomic, biologic. and patient-related heterogeneity. This diversity demands a complementary armamentarium. Thus, a diverse array of cellular targets will likely need to be elucidated, with additional therapeutic considerations made for their respective TMEs, anatomic restraints, and age-associated influences. Current data sets have been curated from similarly heterogeneous populations or specimens and are inadequate toward these goals. For example, a study seeking to examine factors relevant to local recurrence of sarcoma among a population of patients largely composed of leiomyosarcoma has failed to acknowledge the biologic tendency of leiomyosarcoma to recur distantly.57 Investigators who are developing autologous cellular therapies for pediatric sarcomas are working with a functionally different leukocyte donor population than would be expected from a geriatric donor, based on observations that geriatric CAR-T are functionally impaired with respect to proliferation, signaling activation, and perforin/granzyme B mediated cytotoxicity.58 Combining the intricacies and complexities of cellular immunotherapy with the multifaceted heterogeneity of sarcoma, the corresponding investigative approaches must be cogently designed to account for unique biologic features of specific sarcoma subtypes.

380Target Antigens in Sarcoma

Before delving into relevant trials in which engineered TCR and CAR-T were used to treat sarcomas, a discussion of suitable target antigens is warranted. The family of cancer testis antigens (CTAs) have garnered attention as target antigens for sarcoma, as well as other malignancies. Expression of CTA is restricted to germline tissues, placental trophoblasts, and a variety of malignancies.59 Further, germline cells do not express MHC molecules, which renders them immunologically privileged and thus “invisible” to TCR-based approaches, which rely on MHC recognition. Thus, any cellular therapy directed against these CTAs would preferentially attack cancerous cells. Expression of several HLA*02.01 restricted CTA family members NY-ESO-1, LAGE-1, PRAME, MAGE-A3, MAGE-A4, MAGE-A9, and SSX-2 were reported across multiple sarcoma subtypes.60 Though there were fewer than 10 tumor specimens examined for each subtype, characteristic expression patterns were observed for synovial cell sarcoma, liposarcoma, and leiomyosarcoma, as seen in Table 29.1. The majority of synovial cell sarcomas express NY-ESO-1, particularly the monophasic histologic type; however they typically do not express MAGE-A1 or CT7.61 Myxoid and nonmyxoid liposarcoma were found to be positive for LAGE in >70% and 60% of specimens tested, respectively.62 Expression of MAGE-A3 was seen in 66% of uterine leiomyosarcomas, but only in 14% nonuterine leiomyosarcomas.63 Lastly, treatment with 5-aza-2-deoxycitabine (5-Aza-dC) was shown to induce expression of NY-ESO-1, LAGE-1s, and PRAME among chondrosarcoma cell lines and tumors that previously had no or low-level expression of these CTAs.64 GD2 was shown to be highly expressed (>60% of tumor cells) among 83% of pediatric osteosarcomas and 13% of pediatric rhabdomyosarcomas, with 20% of pediatric Ewing sarcomas having low-level expression.47 Additional osteosarcoma targets include ERBB2 and IL-11 receptor α (IL-11Rα), both of which are expressed on the cell membrane and are suitable for CAR-T therapies.65,66

CAR-T and TCR Trials for Sarcoma

Clinical trials of cellular therapy for sarcoma patients have been challenging and have evolved over time. Table 29.2 provides an overview of completed and ongoing sarcoma clinical trials. Owing to the general difficulty in generating TILs from nonmelanoma tumor specimens, early clinical trials using cellular immunotherapy for sarcoma utilized autologous T cells isolated from peripheral blood that were engineered to express TCRs against NY-ESO-1, because NY-ESO-1 is expressed in >80% of synovial cell sarcomas. Robbins et al. from the Surgery Branch of the NCI were the first to report a series of six patients with metastatic synovial cell sarcoma, previously treated with high-dose IL-2, who received a single dose of anti-NY-ESO-1 TCR T cells and supplemental IL-2 infusion after a preconditioning regimen of cyclophosphamide and fludarabine.6 Partial responses were observed in four of six patients, which lasted up to 18 months in one patient who received two infusions of TCR-transduced T cells, whereas one of the patients with progressive disease had only received one-third of the dose that others in the cohort received.6 A follow-up report from the same group 3 years later included an additional 11 patients, with six partial responses (maximum duration 47+ months) and one complete response that had persisted beyond 20 months.5 Cumulatively, 11 of 18 patients (61%) developed an objective response, and there was one treatment-related death during the course of the trial, which occurred as a consequence of neutropenic septic shock 3 days after ACT. The number of T cells specifically reactive to NY-ESO-1 peptide-pulsed target cells correlated with response to therapy, while the overall persistence of adoptively transferred T cells did not. An additional trial is currently underway to more broadly examine NY-ESO-1 TCR-based approaches for skeletal and STS (NCT03462316). Other CTAs, such as MAGE-A3, MAGE-A4, and MAGE-A10 are being targeted with TCR-engineered T cells for multiple sarcoma subtypes (NCT03132922, NCT03132922, NCT02989064, NCT03139370, NCT02111850, NCT02153905).67
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383As described previously, GD2 has previously been targeted in sarcoma clinical trials. A recent Phase 1 clinical trial (NCT01953900) obtained T cells from patients with advanced osteosarcoma and a history of infection/vaccination with varicella zoster virus (VZV) to examine the therapeutic efficacy and safety of GD2-redirected CAR-T cells (CARiC9-GD2-CAR-VZV-CTLs) and the role of previous VZV exposure on the in vivo expansion and persistence of the generated CAR-T cells. In a separate Phase 1 trial (NCT02107963), a third-generation CAR with an ICD9 caspase dimerization domain as a suicide switch will be used for patients with sarcoma and osteosarcoma, among other malignancies.68

Cellular immunotherapy for GIST is a practical consideration given that activation of CD8+ TIL and apoptosis of intratumoral Treg have been implicated in the mechanism of tumor clearance by imatinib.69 Further, patients with high-risk and/or metastatic GIST often develop resistance to imatinib or other tyrosine kinase inhibitor (TKI) therapies, which unfortunately manifests as progressive disease. For these patients, CAR-T targeting KIT (CD117) may offer an attractive therapeutic alternative, because KIT is expressed on nearly all GIST.70 We previously reported the design and generation of a CAR construct that incorporates the natural ligand for KIT, KIT-ligand (KL), also known as stem cell factor (SCF), as its antigen-binding domain.71 These anti-KIT CAR-T demonstrated tumor-specific activity against hKIT+ GIST cells in a subcutaneous xenograft model but have yet to be incorporated into a clinical trial. As noted earlier, regional infusion of such cell therapy products may have application for liver and peritoneal metastases for GIST and other sarcomas with similar metastatic patterns.

NATURAL KILLER CELLS

Activated and Expanded Natural Killer Cells

Activated and expanded natural killer cells (NKAE) have previously shown in vitro cytotoxicity against osteosarcoma and Ewing sarcoma.72 To further explore these findings in vivo, a preclinical model of metastatic sarcoma demonstrated that while NKAE treatment prevented large tumor deposits from implanting, pulmonary micrometastases were still evident. CXCR4, which is upregulated in 33% to 73% of sarcomas, was targeted using an anti-CXCR4 monoclonal antibody (mAb) (MDX1338, Bristol Myers Squibb). When MDX1338 was coadministered with NKAE, no micro- or macrometastatic tumors were found.73

Along similar lines, Ewing sarcoma and rhabdomyosarcoma are exquisitely sensitive to killing by expanded NK cells, while NK cells also exhibit some activity against osteosarcoma cells. A Phase 1 trial (NCT02409576) seeks to use expanded activated haploidentical NK cell infusions in this context. One favorable feature of NK cell infusions is that they have been well tolerated when administered to patients with leukemia; that is, they do not induce graft versus host disease (GvHD). An alternative approach, using NK cells from non-HLA matched donors, provides the design of a trial (NCT02849366) that incorporates investigation of ALT803, a purported NK cell survival factor.

SUMMARY

The application of cellular therapies for the treatment of sarcoma is in its infancy, but is rapidly evolving in an era of technological advancement with increasing integration into multidisciplinary oncology care. Progress in sarcoma cellular therapy is hindered by the low incidence and heterogeneity inherent to this disease process, but preclinical and clinical data presented in this chapter should provide hope that sarcoma patients will soon benefit from tailored cellular therapies. Many of the hindrances to cellular immunotherapy for sarcoma reflect the limitations for solid tumors in general. Through coupling of effective tumor killing cell therapy products, effective delivery strategies, and modulation of immunosuppression in the TME, cell therapy for sarcoma will be realized.
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Multidisciplinary management at high-volume sarcoma centers leads to improved short- and long-term outcomes in sarcoma patients when compared to treatment at low-volume centers. Multidisciplinary management involves experienced teams consisting of oncologists, surgeons, radiation oncologists, pathologists, and interventional radiologists with the goal of treatment being long-term survival while minimizing morbidity and maximizing function. Sarcoma management requires participation by the interventional radiology team to provide adequate biopsies and appropriate venous access to allow for chemotherapy delivery. Moving beyond these established roles offers unique opportunities for local control and treatment. This chapter presents the role of the interventional radiologist in the multidisciplinary team for the management of sarcoma patients.
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INTRODUCTION

Multidisciplinary management at high-volume sarcoma centers lead to improved short and long-term outcomes in these patients when compared to treatment at low-volume centers.1,2 Multidisciplinary management involves experienced teams consisting of oncologists, surgeons, radiation oncologists, pathologists, and interventional radiologists with the goal of treatment being long-term survival while minimizing morbidity and maximizing function. This chapter presents the role of the interventional radiologist in the multidisciplinary team for the management of these patients.

IMAGE GUIDANCE

The use and advances in image guidance are essential in the diagnosis and treatment of these patients. These advances in imaging guidance, percutaneous ablation techniques, and embolotherapy have led interventional radiologists to play a large role in the multidisciplinary management of these patients. Image-guided core-needle percutaneous biopsy is one of the most common techniques and is routinely performed for the diagnosis of the initial tumor.3,4 Here we discuss the different types of imaging guidance used by interventional radiologists in the management of these patients.

Ultrasound

Ultrasound (US) technology has been used to image the body for over 50 years.5 Benefits of this technology is that it is portable, without radiation exposure, and inexpensive. For image guidance during a procedure, the needle or probe adjustments can be seen in real time rather than requiring intermittent scans. The US pulse (frequency range of 2–15 MHz) is sent from a transducer and echoes are generated by the interaction with structures in the tissue medium. Imaging is difficult for deeper structures, patients with larger body habitus, and through tissues with high acoustic impedance increases, for example, bone. Color Doppler evaluation can help in identifying vessels and avoiding such structures.

Magnetic Resonance Imaging

As with US, MRI does not use radiation to obtain information. The soft tissue delineation of MRI is exquisite. This technology combines the external magnetic field provided by a magnet with the localized magnetic field provided by gradient and shim coils with the application of radiofrequency (RF) pulse from the RF coils.6 Adjusting the pulse sequences can provide unique information regarding differentiation of pathologic disorders or evaluating treatment response. Given their complexity, scans often take longer than US or CT evaluation, and are more expensive.

Computed Tomography

CT involves the use of ionizing radiation with the use of x-rays through the patient, creating a three-dimensional (3-D) image data set. CT is best used when high spatial resolution is needed and for rapid imaging of a patient. If malignancy cannot be excluded on plain film in bone sarcomas, MRI should be used to characterize the lesions over CT. MRI is also preferred in the initial diagnosis of soft tissue sarcomas (STS), but CT can be used to characterize calcified lesions along with retroperitoneal tumors. In the workup of STS, a chest-spiral CT is mandatory for staging purposes.3,4 Interventional radiologists use CT to guide many procedures. In the diagnosis and treatment of sarcomas, complex biopsies are often done under CT guidance. Percutaneous radiofrequency ablation (RFA), microwave ablation (MWA), and cryoablation are also performed with CT guidance.

388Positron-Emitting Tomography/Computed Tomography

The basis of PET imaging is infusing the patient with proton-rich radioactive nucleotides that emit positrons via B+ decay, which is composed of a positron and a neutrino. This decay leads to a more stable nucleus. The positron travels a very short distance before colliding with an electron in an annihilation event, which produces two photons of equal energy. These photons are detected by the scanner. The F-18 isotope gets incorporated into a glucose analog called 18F-deoxyglucose, which is given to the patient prior to scanning. This molecule gets taken up by highly metabolic tissue, which will often be abnormal oncologic tissue. In sarcoma PET/CT has been studied in diagnosis, grading, staging, biopsy guidance, therapeutic monitoring, and prognostication. However, the cost effectiveness of performing PET/CT versus the standard of care in these areas has not been studied. Interventional radiologists have used PET/CT guidance in biopsies and ablations in these patients. For biopsies, the PET/CT will show the most metabolically active portion of the tumor. In ablations, interventional radiologists can monitor the tumor response to the ablation and areas of necrosis using PET/CT. Future studies in cost effectiveness when compared to the standard CT guidance for complex biopsies and ablations need to be performed before advocating PET/CT guidance as first line.7

Fluoroscopy

Fluoroscopy is an imaging technique that uses x-rays, ionizing radiation, to create real-time moving images of a patient. Interventional radiologists use fluoroscopy to guide many different types of procedures in the treatment of these patients. Intra-arterial embolotherapy is guided by fluoroscopy as well as the placement of lines, catheters, and ports.

CENTRAL VENOUS ACCESS

Obtaining central venous access via placement of a central venous catheter (CVC) is becoming one of the most common procedures done by an interventional radiologist. It is particularly prevalent among oncology patients, as central venous access is required for both diagnostic and therapeutic interventions. Trained interventional radiologists, with the assistance of image guidance, can routinely insert long-term venous access devices, a procedure that has shown to be safe, cost-effective, and efficacious. By using real-time imaging (fluoroscopy and/or sonography) CVCs are placed with their tip in the right atrium or at the cavo-atrial junction. While it is possible to place CVCs without image guidance, radiologically guided percutaneous insertion has higher technical success rates, shorter procedure times, lower cost, and fewer complications, making it the preferred approach to gain central access.8

Types of Devices

Peripherally inserted central catheters (PICCs), tunneled central catheter, and implanted ports are the most common devices used for central venous access. Benefits and indications for each type are discussed next. Most devices are made of silicone or polyurethane, which have been associated with fewer infections when compared to previously used materials.8 Catheters can have one, two, or three lumens, allowing for multiple therapies to be administered simultaneously. Terminal end holes or side valves are designed to allow fluid injection and blood aspiration, while preventing blood or air from entering the catheter when it is not in use.

Peripherally Inserted Central Catheter

PICCs are nontunneled central catheters that are inserted through a vein in the arm. They are generally used in patients who require less than 3 months of central venous access for antibiotic administration or peripheral nutrition. PICCs can be used in the outpatient or inpatient setting among patients requiring long-term continuous or intermittent infusions. PICC placement is less invasive than placement of other CVCs, but they have a higher rate of infection and malfunction (fourfold increase when compared to ports); thus, risks and benefits must be considered before PICC placement.8

Tunneled Catheters

Tunneled catheters are recommended in patients requiring more than 1 month of central access. They can be used for chemotherapy administration, dialysis, plasmapheresis, or total parenteral nutrition. The catheter travels through an 8- to 15-cm subcutaneous tract, usually 5 to 10 mm beneath the surface of the skin, before entering the venous system.9 The proximal end of the catheter contains a cuff, which induces an inflammatory reaction within the subcutaneous tissue. Three to 4 weeks after placement, 389the inflammatory reaction leads to fibrosis and catheter fixation. This inhibits migration of organisms down the catheter, thus reducing the incidence of catheter-related infections. Some chemotherapies, particularly trabectedin for STS, have shown to have a local sterile inflammation along the catheter trajectory.10 Placing the tunnel deeper in the subcutaneous tissue has been shown to be the best way to prevent this complication.10 When central venous access is no longer required, infusion of local anesthetic and blunt instrument dissection are necessary to pull the cuff free.

Ports

Ports consist of a tunneled catheter that terminates in a subcutaneous, self-sealing reservoir. The reservoir has a silicon window that can be accessed through the skin with a noncoring needle. The reservoir is normally placed in the subcutaneous tissue of the chest (preferred) or arm (usually near the antecubital fossa). Ports are generally indicated in patients who require >3 months of intermittent central venous access, and are often used for chemotherapy, chronic transfusion, or chronic blood tests.9 Ports have the lowest rate of infection when compared to tunneled catheters and PICCs.11

Indications

The indications for central venous access are numerous and are notably prevalent in oncology patients who often require venous access for the duration of their disease. Therapeutic indications for central venous access include administration of chemotherapy, total parenteral nutrition, blood products, intravenous medications, fluids, plasmapheresis, and/or hemodialysis. Diagnostic indications include establishing diagnosis/prognosis, monitoring response to treatment, and/or repeated blood sampling.11 Central venous access is recommended for boluses of vesicant drugs and is essential for continuous infusions of those agents.8 Guidelines exist to aid in deciding which type of device to use and are summarized in Table 30.1. Devices with multiple lumens are indicated in patients who receive multiple simultaneous therapies or require peripheral nutrition in addition to chemotherapy. Although many factors are considered when choosing a device, patient involvement in the decision has been shown to result in greater patient satisfaction, fewer delays in therapy related to loss of vascular access, fewer device complications, shorter hospital stays, fewer ED visits, and decreased costs.8 Thus, it is important to remember that patients should always be involved in decision-making.

Contraindications

Owing to the safety of the procedure and the benefits it offers to patients, absolute contraindications to central venous access are rare. Relative contraindications include coagulopathy, thrombocytopenia, and sepsis. It is preferred that a patient with bacteremia or sepsis be afebrile for 48 hours prior to the procedure, though it can still be done in emergent situations. International normalized ratio (INR) <2 and platelet count <25,000 are considered contraindications, but infusion of platelets or fresh frozen plasma can be used to circumvent this issue in emergent cases.12 Additionally, studies show that experienced physicians can safely perform CVC placement in the presence of abnormal coagulation parameters.13 Cannulation is generally avoided in sites with anatomic distortion or vascular injury, but a different site of entry can generally be selected in order to gain central access.

Patient Workup and Preparation

In most patients, the right internal jugular vein is the preferred access site because of its large size and proximity to the skin. It also provides a short, straight route to the superior vena cava and right atrium. Patients receiving a PICC are generally accessed via the basilic vein for similar reasons: it is closer to the surface and larger than surrounding veins, thus resulting in decreased vasospasm and fewer complications.8 These sites should be examined in all patients to rule out any anatomic variations or deformity.9 Coagulation parameters should be checked and corrected before the procedure. With the exception of PICCs, placement of a CVC requires the same aseptic environment found in the operating room.



TABLE 30.1 Guidelines for Central Venous Access Device Selection









	Device
	Length of Use
	Common indications





	PICC
	<3 months
	Antibiotics, TPN



	Tunneled catheter
	>1 month
	Chemotherapy, TPN, dialysis, plasmapheresis



	Implantable port
	>3 months
	Chemotherapy, chronic transfusion, chronic blood tests









PICC, peripherally inserted central catheter; TPN, total parenteral nutrition.

Source: Reproduced with permission from Valji K. Vascular access placement and foreign body retrieval. In: Valji K, ed. The Practice of Interventional Radiology. Philadelphia, PA: Elsevier; 2012:559–580.





390Follow-Up

Postprocedure imaging to confirm successful placement may include fluoroscopy, a chest radiograph, or contrast injection through the catheter.14 Standard of practice is to position the catheter tip in the upper to mid-right atrium with the patient supine, allowing for migration of the tip when the patient switches from the supine to standing position.12 Technical success is defined as catheter introduction into the desired location, with adequate catheter function. Catheter function is defined as withdrawal of blood and infusion of saline without significant resistance. Nursing staff should be well trained in venous access care and able to recognize device failures and identify and treat potential complications.14

Complications and Troubleshooting

Complications are rare, with success rates >96%. Complications can be classified as early (<24 hours after placement) and late (>30 days after placement).14 Selected complication rates when using image guidance can be seen in Table 30.2. Some of the more common and serious complications are discussed individually.

Infection

Chemotherapy and radiotherapy can cause significant neutropenia, and over 60% of catheter-related sepsis (CRS) occurs during periods of neutropenia. Oncology patients with central venous catheters are therefore at an increased risk of catheter-related bloodstream infection (CRBSI.) CRBSI is defined as at least two blood cultures positive with the same organism, obtained from two different sites at two separate times, in association with evidence of colonization of the catheter with the same organism. This differs from central line–associated bloodstream infection (CLABSI), which is defined as recovery of a pathogen from a blood culture (single if not related to the skin or two or more cultures for an organism commonly present on the skin) in a patient who had a central line at the time of infection or within 48 hours developing an infection.15 The most common symptoms associated with infection are fever or chills followed by erythema/induration at the insertion site.15

Measures can be taken to reduce the incidence of CRBSI. Insertion should occur with appropriate hand hygiene, maximum sterile barrier precautions, and proper skin preparation. Dressings at CVC sites should be changed weekly until the insertion site has healed, and then dressings should no longer be used. Site selection can also decrease infections, with internal jugular placement showing lower rates of infection compared to femoral. Devices impregnated with a combination of minocycline and rifampin have been shown to reduce infection rates, and current evidence suggests that such catheters are cost effective for high-risk patients compared with standard CVCs. Use of prophylactic antibiotics before central venous access is controversial, and there are no current recommendations for their use. Catheters should be removed promptly when no longer needed.



TABLE 30.2 Central Venous Access Complication Rates









	Complication
	Rate (%)





	Tunneled catheter and port placement



	Pneumothorax
	1–3



	Hematoma
	1–3



	Perforation
	0.5–1



	Air embolism
	1



	Thrombosis
	4



	Procedure-induced sepsis
	1–3



	PICC placement



	Pneumothorax
	0



	Hematoma
	1



	Phlebitis
	4



	Thrombosis
	3



	Procedure-induced sepsis
	1









PICC, peripherally inserted central catheter.

Source: Data from Dariushnia SR, Wallace MJ, Siddiqi NH, et al. Quality improvement guidelines for central venous access. J Vasc Interv Radiol. 2010;21(7):976–981. doi:10.1016/j.jvir.2010.03.006.





391Management centers around the isolated organism and its antibiotic sensitivities. Antibiotics should be administered, and then a decision to remove the catheter or to keep it in place must be made. Patients with limited access may benefit from keeping the catheter in place, even in the setting of infection. The catheter should be removed if the patient has unexplained sepsis, erythema, or purulence at the catheter insertion site, or CRBSI associated with supportive thrombophlebitis, endocarditis, or osteomyelitis. Likewise, it should be removed if the organism isolated from blood cultures is Staphylococcus aureus.8,16

Thrombosis

Thrombotic complications are relatively common and are generally marked by catheter malfunction or symptoms of deep vein thrombosis (DVT). The buildup of fibrin around the catheter can cause a partial or complete occlusion of the lumen. Thrombosis occurs as intraluminal thrombosis, fibrin sheaths, and mural thrombosis. Complications include pulmonary embolism, DVT recurrence, and postphlebitic syndrome.

Prevention can be accomplished by selecting the proper device and access point, and ensuring proper tip placement. Silicone and polyurethane are now the most common materials used because of their decreased risk of thrombosis. A greater vessel length increases the risk of thrombosis; therefore, the shortest possible route should be selected. Device placement against the wall of the right atrium has been shown to increase risk of thrombosis; therefore, the correct anatomic placement is crucial. Image guidance reduces endothelial damage and decreases the risk of catheter-associated thrombosis. Catheters should be flushed routinely with saline or unfractionated heparin. Tissue plasminogen activator (tPA) can be used weekly as a locking solution. There is inadequate evidence to support the use of routine heparin or warfarin for prevention of thrombosis.

Management of partial thrombotic occlusion includes unfractionated heparin 5,000 to 25,000 units over 6 to 24 hours. Complete occlusion requires one to two doses of urokinase or recombinant tPA. Fibrin sheaths can be treated with a catheter exchange, angioplasty balloon, or fibrin sheath stripping, all of which are reserved for instances when pharmacologic therapy fails to reestablish patency.

Patients with catheter-related DVT should be placed on anticoagulation for a minimum of 3 months. Catheters affected by thrombosis should be removed whenever possible. Some studies show utility in thrombolysis. Catheter-directed thrombolysis has been shown to be safer than systemic thrombolysis, and can be considered in patients with extensive thrombosis.8

Catheter Malfunction

Catheter malfunction manifests as increased resistance on infusion or the inability to aspirate blood. Patients may also complain of pain during injection. Such patients should be evaluated promptly for evidence of device malfunction. Troubleshooting consists of physical exam, chest radiograph, or injection of contrast to assess device position and integrity. The most common cause is fibrin deposition and venous thrombosis, as mentioned previously. Other causes include catheter malposition, kinking, and catheter fracture.9 Occlusion can also be due to precipitation of drugs with low or high pH or lipid-rich parenteral infusions. Such occlusions can be treated with sodium bicarbonate, hydrochloric acid, or ethanol, respectively. These agents should fill the catheter for up to 20 minutes.8 Nonfunctioning catheters with no signs of infection can usually be replaced over a guidewire through the original tunnel.

BIOPSY

Biopsy of suspected sarcoma is the diagnostic standard and is necessary prior to the development and application of treatment strategies.17 In an age when personalized oncology and targeted therapies provide the best outcomes, determining relevant cellular and molecular signatures of tissue via a histologic sample is critical. Different approaches exist, including open biopsy, fine-needle aspiration, and percutaneous core-needle biopsy. Image-guided percutaneous biopsy has been shown to be safe, effective, and considerably less invasive than open biopsy. Positive and negative predictive values, 392sensitivity, and specificity of tissue samples obtained via image-guided percutaneous biopsy have been reported to be similar to those found in open incisional biopsies.18,19 Biopsies of suspected sarcomas are technically challenging, high-risk procedures. They should only be done at institutions with specialty sarcoma centers made up of an interdisciplinary team.

Indications

Percutaneous biopsy of bone or soft tissue is performed whenever histologic confirmation is required for definitive diagnosis and/or treatment. Soft tissue tumors are often heterogeneous and it can be difficult to determine if they are benign or malignant from imaging alone. Benign soft tissue masses are 100 times more common than malignant sarcomas, and it can therefore be challenging to determine which soft tissue masses require further workup, evaluation, and biopsy. Published criteria for referral to sarcoma center for potential biopsy of a soft tissue lesion include any lesion that is >5 cm, painful, rapidly increasing in size, deep to the muscle fascia, or recurrent after previous excision.20 Other common indications are to assist in staging or to determine if a mass is secondary to metastasis or primary sarcoma when PET/CT is equivocal.21

Contraindications

There are no absolute contraindications; however, there are a handful of relative contraindications in which risk versus benefit should be carefully considered. Biopsy is not indicated in a patient if the results will not change management or if surgery is indicated irrespective of the outcome of the biopsy.22 Biopsy may be contraindicated in patients that exhibit uncorrectable coagulation abnormalities. Severely compromised cardiopulmonary function or hemodynamic instability could potentially incur too much risk to safely complete the procedure.23 Lesions that are located in a position where there is no safe percutaneous approach should be avoided. Additionally, caution should be taken when performing an image-guided percutaneous biopsy in a patient who is unable or unwilling to limit movement during the procedure. If repeat core-needle biopsy is unable to obtain adequate tissue for diagnosis, an incisional biopsy may need to be performed.21

Approach

Patients should undergo INR and activated partial thromboplastin time (aPTT) (if receiving heparin) prior to the procedure. If INR is less than 1.5 it should be corrected. It is recommended that platelets be transfused if platelet count is less than 50,000. Low-molecular-weight heparin (LMWH) (1 day) and clopidogrel (5 days) should be withheld before the procedure. There is no need to withhold aspirin.13

Generally, the shortest path to the lesion is considered when planning the imaging approach. Choice of imaging modality for biopsy is based on lesion characteristics and operator preference. The most common modalities are fluoroscopy, sonography, and CT, each having its own advantages and disadvantages. Fluoroscopy is commonly used for biopsy of lung and pleural masses and is useful for its ability to give real-time images. Disadvantages include increased radiation exposure and inability to visualize adjacent structures. Ultrasound is used for biopsy of intra-abdominal lesions, masses in the retroperitoneum, and other peripheral lesions. Advantages include the lack of radiation, real-time imaging, and multiplanar imaging. Disadvantages include impaired visualization of deep lesions and obscuration by overlying structures. CT is reserved for biopsy of smaller or deeper lesions not well visualized by sonography or fluoroscopy. Advantages include high-quality images and the ability to clearly visualize all surrounding structures. Disadvantages include increased radiation, lack of real-time feedback, and patient movement after capturing the CT image. CT fluoroscopy can be used to obtain near real-time imaging when necessary.

Single-needle and two-needle techniques can be used in obtaining the biopsy. In the single-needle technique, a needle is advanced into position and imaging is obtained. If the needle is not positioned in the desired location, it is left in place to guide the placement of a second needle. Each biopsy then requires a new needle to be placed in the lesion, allowing for sampling of different regions of the mass. In the two-needle technique, the initial needle is inserted into the desired location within the mass and is used as the landmark for subsequent needles. With the coaxial method, a large needle is inserted just superficial to the mass. The biopsy is then performed with longer, smaller-gauge needles, allowing for a single puncture of viscera or pleura.22

A multidisciplinary team should be assembled to treat all patients with sarcoma. Interventional radiologists should work closely with the medical and radiation oncologists and pathologists to 393determine the best treatment and biopsy approach for the patient. Additionally, they should be in close communication with the surgeon to determine the best route for biopsy in the event that the biopsy tract needs to be resected (see Table 30.3).



TABLE 30.3 Percutaneous Needle Biopsy Complication Rates









	Complication
	Rate (%)





	Bleeding requiring intervention
	0.1–8.3



	Tract seeding
	0.3–4.0



	Pneumothorax
	0.5



	Pneumothorax in transthoracic percutaneous needle biopsy
	12–45









Source: Data from Gupta S, Wallace MJ, Cardella JF, et al. Quality improvement guidelines for percutaneous needle biopsy. J Vasc Interv Radiol. 2010;21(7):969–975. doi:10.1016/j.jvir.2010.01.011.





Multiple passes may be needed owing to the heterogeneity of many sarcomas. After the biopsy is completed, imaging can be performed to exclude potential complications. The patient should be monitored for up to 4 hours, with frequent monitoring of vital signs. The patient may be discharged home if vital signs remain stable.22

Complications

Complications are rare, with a rate of 1.1% in image-guided percutaneous needle biopsy (PNB) of musculoskeletal (MSK) lesions.19 Complication rates of PNB in general are shown in Table 30.3.

Compartmental anatomic guidelines for biopsy of MSK tumors have been published and used with the hopes of decreasing complication rates. Recommendations are extensive and include avoidance of critical structures and breaching more than one anatomic compartment. However, recent studies have shown that nonadherence to these recommendations does not result in increased complications or tumor recurrence.24

Tract Seeding and Tumor Spillage

In theory, disruption of the tumor pseudocapsule with the biopsy needle could result in tumor cells spilling into adjacent tissue and seeding of the biopsy tract. Rates of needle tract seeding (NTS) vary for different tumors, with the incidence in hepatocellular carcinoma (HCC) as high as 3%. In such cases, pretreatment biopsy is rarely used. However, in suspected sarcomas, NTS is obscure and a diagnosis without biopsy is frequently unreliable. Correct treatment cannot be safely initiated without diagnosis; therefore, biopsy is routinely performed. Studies are inconclusive, but recent reports indicate that there is no significant increased risk of NTS in soft tissue biopsies. One study showed that 13% of needle tracts had evidence of sarcoma cells, but those tracts did not have an increased incidence of tumor recurrence. Case reports of tumor recurrence along the biopsy tract seem to be decreasing, perhaps due to the widespread use of coaxial sheathed biopsy needles. However, because of existing case reports and the paucity of quality evidence regarding NTS in sarcoma, it is generally recommended that the biopsy trajectory be planned in conjunction with a team of surgeons so that the tract is resected with the tumor in order to avoid any potential complications.25

Pneumothorax

Pneumothoraces occur commonly in transthoracic biopsies and can also occur (although not as commonly) in nontransthoracic biopsies. Complications can be divided into major and minor complications. Chest tube placement is required if a pneumothorax becomes symptomatic or continually enlarges. Pneumothorax requiring thoracotomy tube placement is considered a minor complication if it only requires an overnight hospital stay. It is considered a major complication if hospitalization is longer than 48 hours for management of a persistent leak, or if the pneumothorax results in delay of chest tube removal for more than 3 days.

Measures can be taken to reduce the incidence of pneumothorax. Patients should be instructed not to move, talk, cough or breathe deeply during and immediately after the procedure. If possible, the pleura should only be punctured once and a coaxial technique should be used.26 Pneumothorax rates range between 17% and 26%; however, only 1% to 14% of patients require a chest tube.26 Risk factors include chronic obstructive pulmonary disease, depth of lesion, size of lesion, and number of pleural punctures.26

394TRANSARTERIAL APPROACH

With the introduction of the Seldinger technique of catheterization, arterial access evolved in the 1970s and continues to do so. Access sites have evolved to less minimally invasive approaches from translumbar, to transaxillary to transfemoral and now transradial.27,28 Angiography offers a diagnostic evaluation paired with a unique minimally invasive access to tumor vasculature that can help decrease perioperative hemorrhage, permit targeted chemotherapy delivery, or perform focused brachytherapy. These procedures can last anywhere from less than 2 hours to over 4 hours. While patients only require a combination of local anesthesia and conscious sedation, general anesthesia may be provided. Postprocedure care is centered around decreasing access site complications and supportive care. For the former, this may include lying flat for up to 6 hours if femoral access is used. This is not required with radial artery access.28

Contraindications

Angiographic intervention is contraindicated in a medically unstable patient with multisystem organ failure.29 Relative contraindications include cardiac abnormalities, such as a recent myocardial infarction, serum electrolyte imbalances, severe contrast agent reactions, impaired renal status, inability to lay flat (agitation or impaired respiratory status), pregnancy, and Ehlers–Danlos syndrome.27,29 Severe contrast reactions are marked by angioedema or bronchospasm. Dermal reactions can be managed with premedication. Impaired renal status may be addressed with prehydration or limiting the use of iodinated contrast agent by replacing it with carbon dioxide (CO2.) Patients with Ehlers–Danlos syndrome have a high risk for arterial injury, such as arterial dissection.29

Complications

Puncture Site–Related Complications

Common arterial injuries caused by femoral artery catheterization include hemorrhage, postcatheterization pseudoaneurysm formation, arterial obstruction, arteriovenous fistula, and limb amputation.27,30 Incidence rates are reported between 0.05% and 14%.30 Risk factors include obesity, use of anticoagulation, use of large-caliber sheaths in access (greater than 7F [French]), puncture above the inguinal ligament, brief manual compression, hypertension, calcified atherosclerotic arteries, and history of hemodialysis, to name a few.30 Pseudoaneurysm formation presents with pain, swelling, and dramatic bruising around the puncture site after recent arterial puncture. Diagnosis is made with US, which would reveal a mass with to-and-fro flow pattern on color Doppler mode.30 While spontaneous thrombosis has been seen in pseuodoaneurysms less than 3 cm in size, management by US-guided compression, US-guided thrombin injection, coil embolization, stent placement, or surgical repair is recommended, given risk of rupture.30

Contrast-Induced Nephropathy

Contrast-induced nephropathy (CIN) is defined as a 0.5 mg/dL or 25% to 50% increase in serum creatinine or a 25% or greater decrease in estimated glomerular filtration rate (eGFR). This change can be seen as early as 24 hours or up 7 days after contrast administration.29,31 Risk is low if renal function is normal.29 If the patient has a eGFR <30 indicating stage 4 or 5 chronic kidney disease, incidence has been reported as high as 40%.29 Other risk factors include dehydration, diabetes mellitus, congestive heart failure, and the use of angiotensin-converting enzyme inhibitors.29,31 Prevention with hydration with 0.9% saline prior to the procedure has been effective.32 Behavior modification of the operator has also been shown to help, examples of which include diluting contrast agent or using alternative agents, such as CO2.31

Postembolization Syndrome

Postembolization syndrome (PES) presents as fatigue, nausea, vomiting, abdominal pain, and/or fever.29,33 Incidence ranges between 60% and 90% with chemoembolization, and is also seen in bland embolization of the liver.29 Possible causes include a systemic inflammatory response caused by the ischemia or necrosis of hepatocytes. The incidence can be reduced with the administration of dexamethasone.33 The remainder of care is supportive with antiemetics, pain control, and hydration, and can lead to prolonged hospitalization.33–35 With radioembolization, the symptoms are milder; therefore, it is classified as postradioembolization syndrome (PRS), which includes fatigue, nausea, anorexia, fever, abdominal discomfort, and cachexia.29,34,35 Incidence ranges between 20% and 55% and can be minimized with postprocedure course of steroids and antiemetics.34

395Radiation Safety

Intra-arterial procedures require fluoroscopic guidance; therefore delivering significant doses of radiation to the patient and the operator.29,36 Tissue reactions are deterministic in that there is a threshold dose below which no injury is seen (2 Gy). Cancer risks from unrepaired or incorrectly repaired DNA are stochastic, indicating a linear, no threshold model. In other words, as exposure increases, so does risk. Given that sarcoma patients are often young, the risk of induction of cancers, such as leukemia or thyroid, skin, breast, or brain cancer, is greater.29,37 Strategies to decrease dose include decreasing procedure time, effective shielding, using personal protective equipment, and improved equipment, which allows low dose rates without compromising on imaging quality.29,36,38

Indications

Liver Metastases

Locoregional therapy that has been used to manage primary liver cancer and metastatic disease, particularly colorectal cancer, includes transcatheter arterial embolization (TAE), transcatheter arterial chemoembolization (TACE), and transcatheter arterial radioembolization (TARE.) This has led to transarterial approach to treat sarcoma metastases in the liver, particularly the mesenchymal tumor, gastrointestinal stromal tumor (GIST.)39 Incidence of liver metastases is 55% to 72% of the time with GIST and control of metastases is a determinant of survival.40,41

Special considerations when evaluating intra-arterial liver metastases include performance status and liver function.40 It is preferred that liver function is Child-Pugh class A or B, as nontarget embolization or treatment can potentiate liver failure.40 Radioembolization requires a closer attention to bilirubin levels; they should be less than 2 mg/dL given risk of radiation-induced liver disease (RILD.)34,35 RILD results from radiation exposure to normal liver parenchyma and rates are reported between 0% and 4%.34 Centers use a bilirubin of less than 3 mg/dL as a cutoff for TAE or TACE.40,41 This technique exploits the dual supply to the liver; therefore, the portal vein is preferred to be used for patients with hepatopedal flow.41

Risk of liver injury may be mitigated by decreasing the amount of liver parenchyma exposed, which can be performed by favoring a subselective technique over a lobar or segmental approach. In this approach, the liver lesions are targeted through their third and fourth order arterial branches with a microcatheter, decreasing exposure of embolic to uninvolved segments. A sequential lobar approach could be used if there are diffuse metastases with interventions spaced out between 2 and 4 weeks, targeting the lobe with the most extensive involvement first.41

Procedure time is determined by anatomy and approach; for example, subselective embolization requires more time. TAE and TACE can be repeated in regular intervals, with imaging follow-up obtained 1 month after the procedure.41,42 TARE requires a mapping angiogram to evaluate tumor supply, embolize branches to bowel, and evaluate lung shunt function.43 Lung shunts greater than 20% can limit ability to give a dose that is effective at treating the tumor, without damaging lung parenchyma.34,43 Treatment is then delivered at most centers 10 to 14 days after mapping procedure.43,44 Imaging follow-up is performed 3 months after delivery of the radioembolic therapy as radiation changes can be mistaken for progression.43,44

With TAE and TACE, different embolics include gelfoam reabsorbable sponges to particles, such as polyvinyl alcohol (PVA) or trisacyl microspheres. There are two types of radioembolic devices with yttrium embedded in glass spheres or on resin microspheres. With chemoembolization, different agents include cisplatin, mytomycin C, doxorubicin, and vinblastine. Some series mix GIST with leiomyosarcoma (LMS). An example of bland embolization for GIST and LMS in shown in Figures 30.1 and 30.2, respectively.

Patients with GIST tend to do better than those with LMS.45 The addition of a targeted agent, such as imatinib, improved overall survival (OS).41 There is evidence to support embolization in patients with GIST who are imatinib resistant; however, patient performance status drives survival benefit.40,42,46 There is also evidence to support embolization in LMS resistant to chemotherapy.47,48 Extrahepatic disease, poor imaging response, and progression after embolization were associated with poor OS.41 Initial data with TARE are promising; one multicenter study between four institutions with the majority of patients with LMS (GIST excluded) showed an OS of 30 months treated with resin and glass microspheres, depending on institution protocol.49 A summary of these studies is included in Table 30.4.

Given that patients often have had prior surgery, attention to prior biliary interventions is needed.40,52 This can result in an increased risk of infection or biloma formation, for example, in the series by Maluccio. Two patients developed abscess requiring intervention and one bactermia.34,45,52 One patient in the series also developed a duodenal stricture from nontarget embolization, requiring 396surgical bypass.45 In the TARE series with 39 patients by Miller et al, one patient with a hepatojejeunostomy developed a liver abscess.49 The other grade 3 adverse events included one gastroduodenal ulcer and one patient developed radiation pneumonitis.49 In a second series of TARE with 11 patients, one developed a gastric ulcer.51 A strategy to mitigate risks when a patient with an incompetent ampulla of Vater is to begin preprocedure antibiotics days prior to the procedure and follow an extended course of postprocedure antibiotics.34,52
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FIGURE 30.1  A 40-year-old man diagnosed with GIST after a small bowel tumor was seen during workup for abdominal pain. His original tumor was an over 9 cm mass. He was maintained on imatinib until 4 years later when he was found to have progression of liver lesions. The dose of imatinib was increased; he underwent bland embolization. His liver function was preserved (Child-Pugh class A) and his performance status was excellent (ECOG grade 0). Bland embolization was performed and showed dramatic response likely related to the adjustment of the imatanib dosing and embolization. Over the next 5 years, he underwent eight different bland embolizations to control the liver lesions. He was given different targeted agents including sunitinib, regorafanib, pazopanib, and ponatinib. Just before succumbing to the disease in the liver, omentum, and mesentery, his liver function deteriorated with elevation of his total bilirubin to 1.8 mg/dL. (A) Contrast-enhanced axial image showed multiple bilateral hypoattenuating lesions. (B) After embolization, lesions have decreased in number and enhancement. (C) Angiogram showing common femoral artery access over the midfemoral head away from the bifurcation. (D) Angiogram showing conventional anatomy of the celiac axis.

ECOG, Eastern Cooperative Oncology Group; GIST, gastrointestinal stromal tumor.





Intra-Arterial Therapy Prior to Limb Salvage Surgery

A combined strategy of preoperative chemotherapy followed by limb salvage surgery and adjuvant therapy gives hope to balance quality of life without jeopardizing OS. The preoperative chemotherapy may be given via continuous intravenous infusion (CI) or intra-arterial (IA) route, or a combination of the approaches. The IA approach has been favored over cisplatin infusion to lower the rate of complication such as hearing loss, although hematologic toxicities have been found to be comparable.53,54 Despite promising necrosis results from initial evaluations, improvement in local recurrence rates has not been noted.54–58 In a pair of randomized control trials comparing IA to CI cisplatin along with a three-drug regimen (high-dose methotrexate [MTX] and doxorubicin) initially, histologic outcomes were significantly improved with IA route, but when a fourth drug was added to the regimen (ifosfomide), there was no difference.54 There is evidence to suggest that if electing to perform IA cisplatin 397infusion, more cycles will improve necrosis; for example, in one study, when four cycles were given greater than 90%, necrosis was achieved two-thirds of the time.57,59 IA MTX did not show as favorable a response as IA cisplatin.56 Another approach is to also embolize the tumor to decrease blood loss during surgery. Adjuvant chemotherapy regimens either mirrored the neoadjuvant regiments if necrosis was favorable, or salvage option was offered. This may include doxorubicin, MTX, or ifosfamide.53,55–57,59–63 In cases of positive surgical margins, radiation therapy can be offered.57 An example of IA cisplatin infusion is shown in Figure 30.3.
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FIGURE 30.2  A 71-year-old woman originally diagnosed 15 years previously with retroperitoneal leiomyosarcoma. Metastases to the thigh, shoulder, small bowel, and lung have been managed with radiation and resection. Prior chemotherapy regimens included doxorubicin and darbazine, gemcitabine/taxotere, trabectedin, erbulin, and keytruda. While on immunotherapy, progression of liver lesions was noted. After multidisciplinary discussion, the patient was referred for bland embolization to control liver metastases. Liver function was preserved (Child-Pugh class A) and performance status was excellent (ECOG grade 0). Bilateral subselective bland embolization was performed with 100–300 µm Embospheres® (Merit Medical, Jordan, UT). (A) Precontrast axial CT in the portal venous phase of imaging shows enhancement in dominant segment III mass and small segment V mass (white arrows). (B) Postcontrast axial CT shows hypoattenuation without any residual enhancement in both lesions (gray arrows). (C) CO2 aortogram through a 4F flush catheter was performed to evaluate vascular anatomy. (D) Subselective angiogram through 2.9F microcatheter advanced coaxially through a 5F reverse curve catheter revealed an anatomic variant, in which the left hepatic and left gastric arteries share a common origin also known as a gastrohepatic trunk. Tumor blush is seen in the dominant segment III lesion (black arrow). The procedure was complicated by nausea. She was discharged on the same day.

ECOG, Eastern Cooperative Oncology Group.





The procedure involves femoral artery access. For a lower extremity tumor, the contralateral groin is generally used.53,63,64 The accessed is maintained with a vascular sheath on the order of a 5F or 6F. The sheath is connected to a heparinized saline drip to maintain patency.53,54 Through this, the contralateral artery is accessed with a diagnostic catheter (4F–5F). If infusion is planned, a multi-side hole infusion catheter is favored over an end-hole diagnostic catheter, which could sub-select a small branch. The catheter is secured and infusion is performed either in the procedure room or in the comfort of the patient room. If embolic agent is to be delivered, this is done through a microcatheter (on the order of 1.8F–2.9 F) to allow sub-selection of tumor branches and limit nontarget embolization. On removal of the catheter(s) and sheath, hemostasis may be achieved with manual pressure or a vascular closure device. Vascular closure devices are associated with a reduced time to hemostasis.65
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Response Rates

Limb salvage surgery rates ranged between 83% and 92% after IA chemoinfusion.54,57,64,66 Event-free survival rates ranged between 55% and 84%54,62,64 OS rates ranged between 78% and 92%.62,64,66 Local recurrence rates ranges from 0% to 6%.54,64,66 Despite positive results in a few studies, the role of IA cisplatin infusion in the treatment of osteosarcoma is unclear.58

Angiography and Tumor Response

High-grade sarcomas can be identified by their dramatic tumor neovascularity on angiography. The few series where this is mentioned showed significant reduction in arterial perfusion.53,57 The change of this vascularity with treatment has been shown to predict response.53,64,66

Complications

Complication rates are not uniformly reported with some as high as 2.5%.53 In one series, 1/40 patients experienced major hearing loss.57 One series evaluated ototoxicity with audiogram in 21 patients and noted 18 grade 2 or less toxicities and one patient required a hearing aid.64 Myocutaneous inflammation and skin toxicities range between 0% and 10%, with reports of one patient requiring skin graft; however, limb-salvage surgery was not compromised.64,66 The benefit of the angiographic intervention should be weighed with the morbidity of added procedures.58

PERCUTANEOUS TUMOR ABLATION

Tumor ablation is a technique to directly apply thermal or chemical therapy to a lesion to destroy or eradicate tumor cells. As the interventional radiologist is involved in obtaining the biopsy to diagnose 399different sarcomas, newer technology using the same approach to accompany the biopsy can offer treatment and palliation, especially in oligometastatic disease.67 The image-guided approach offers decreased risks of morbidity and mortality, increased precision, and repeatability.68 Modalities that have been employed include but are not limited to radiofrequency ablation (RFA), microwave ablation (MWA), cryoablation (Cryo), irreversible electroporation (IRE), percutaneous ethanol injection (PEI), percutaneous acetic acid injection, and high-intensity focused ultrasound (HIFU).68
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FIGURE 30.3  A 22-year-old man who was experiencing knee pain was found to have a high-grade osteosarcoma of the distal left femur. He underwent four cycles of IA cisplatin with IV doxorubicin (Adriamycin). This was followed by resection and long femur arthroplasty. The pathology revealed 92% necrosis. For adjuvant chemotherapy, he had four cycles of doxorubicin and ifosfamide. Surgery was complicated by postoperative infection that was resolved after IV antibiotics. He was lost to follow-up, transferring to a different institution after 2 years. No local recurrence or metastases were identified. (A) A proton-density (PD) fat saturation (FAT SAT) coronal image shows a 7-cm avid cortically based mass in the distal medial femoral metaphysis, eroding the cortex, resulting in aggressive periosteal reaction, subperiosteal edema, with an extraosseous soft tissue component. (B) After completing four cycles of IA cisplatin with IV doxorubicin, the mass shows less enhancement, edema, and soft tissue component. (C) Initial angiogram showed dramatic vascularity to the mass in the medial femoral metaphysis. (D) Angiogram performed before final IA cisplatin infusion shows dramatic decrease in vascularity to the mass.

IA, intra-arterial; IV, intravenous.





Modalities

Radiofrequency Ablation

RFA employs alternative current directly into tumor tissue, which returns through grounding pads on the skin. Friction is generated as the current causes tissue ions to oscillate, resulting in coagulative necrosis. Charring, desiccation, and water vapor can increase impedance and can limit that amount of current and heat delivered.69 Heat conduction is dependent on tissue characteristics and is affected by adjacent perfusion and ventilation.70 Temperatures in the range of 50°C to 55°C result in irreversible cellular damage, and those between 60°C and 100°C can result in immediate coagulation; however, when temperatures exceed 100°C, carbonization occurs. Carbonization or gas formation insulates the probe as well as slows the ability to form an effective RF field.71 In order to overcome these limitations, internal cooling, saline infusion, multi tyne, or multiple probe (oscillating between probes) systems have been developed.69,71 Ablation zones are limited by probe size and configuration. The risk of skin burns increases as current increases.69

Microwave Ablation

MWA allows placement of a microwave antenna into a tumor.68 This antenna delivers radiation with frequencies between 900 and 2450 MHz that agitates water molecules by flipping the electrical charge 400on the order of 2 to 5 billion times a second.71 This agitation produces friction and heat, and resultant cell death via coagulation necrosis.68,71 Changing the power setting and length (time) of treatment allows different ablation zones to be created. The connection from the generator is a coaxial cable, which can be bulky, given the extent of insulation required. Grounding pads are not required, given the electromagnetic waves; therefore, there is no risk of grounding pad burns. The electromagnetic waves are also less susceptible to tissue characteristics that cause impedance, resulting in faster treatment times, bigger ablation zones, and less susceptibility to heat sink.68,69

Cryoablation

Cryoablation causes cell death in several different ways. First, intracellular ice crystals form, damaging the cell membrane and organelles.69 Second, extracellular ice crystals induce cell dehydration by changing the osmolality.69 Third, there is microvascular damage.71 Finally, apoptosis is induced; however, this mechanism is not well understood.69 To achieve this, freeze and thaw cycles are alternated, which results in longer ablation times on the order of 30 minutes.69,72 There is an increase in hyperemia to the ablation zone, which allows breakdown products to move rapidly to the systemic circulation and can induce cryoshock.

Two common cryogens are argon and liquid nitrogen; however, their properties require different delivery systems. The heat exchange is caused by the expansion of argon gas to a liquid, along the probe tip, also known as the Joule–Thompson effect.71 This heat transfer is passive and is dependent on the probe surface area. The liquid nitrogen system boils or phase shifts to a gas, thus extracting heat from surrounding structures.71 While lower temperatures can be achieved, this approach is limited by the Leidenfrost phenomenon, in which the gas accumulates around the treatment zone, slowing the delivery of the liquid nitrogen to the tissue. Ideal temperatures are between −40 to 50°C, which are achieved just adjacent to the probe.71 In both systems, to achieve larger ablation zones, more probes are often required as the lethal ice centers around the probes.69

Unique to cryoablation is the ability to visualize the ice ball leading edge with CT or MRI guidance. When treating in close proximity to critical structures such as nerves, bowel, and vessels the ice ball not only can be monitored but can be combined with protective techniques, such as hydrodissection, CO2 dissection, and temperature monitoring.

Irreversible Electroporation

Electroporation is the process of applying high-electric-field pulses to create pores in the cell membrane.73,74 Given the correct voltage (magnitude of the pulse) and duration (time), these pores can be so large that the damage is irreversible.73,74 Reversible formation of these pores has aided in penetration of anticancer agents into cells and gene therapy.73 In 2011, Thomson et al. showed that irreversible electroporation (IRE) was safe and effective in treating tumor in humans as long as ECG-gating was employed.75 The mechanism of cell death is not known, but a combination of apoptosis and necrosis has been noted.74

Benefits of the therapy are that it is nonthermal when used as recommended.74,76 This allows for ablation adjacent to critical structures that are often susceptible to or adversely affect thermal techniques, such as vessels and bile ducts.77,78 The technique of creating an adequate ablation zone, however, involves placement of multiple electrodes approximately 1 mm in diameter (probes) in a parallel configuration space between 1 and 2.2 cm apart.75,79 The treatment between pairs is on the order of 70 to 90 pulses (70 μs at 1,000–3,000 V) until a change in amperes is seen to correlate to an adequate drop in resistance.73,75 The active electrode exposure can be adjusted.75 When treating larger lesions, it follows that the complete treatment time can be long as shown in one series to have effective IRE delivery time on average 43 minutes and procedure time 190 minutes.73 Elevated liver function tests are transient, not dissimilar to RFA.80,81 In the liver, it has been shown that the hypoattenuating postablation zones decrease in size on follow-up dramatically, suggesting repair due to intact skeletal matrix, unlike thermal ablations, for which treatment zones persist, especially RFA.80

High-Intensity Focused Ultrasound

HIFU is a noninvasive approach to thermal ablation by focusing the ultrasound beam to raise tissue temperature and induce coagulation necrosis.72,82 The advantage MR-HIFU has over US-guided HIFU is greater lesion characterization, real-time temperature monitoring, and posttreatment tissue evaluation.83 The safety and efficacy have been established in the treatment of symptomatic uterine fibroids and painful bony lesions.84–87 Currently, MR-HIFU is primarily indicated for secondary palliation.86 Real-time guidance with ultrasound or MRI shows ablation zone and early studies have shown promise; however, there are limitations with respiratory gating, time of treatment, and barriers to adequate beam delivery.71,88

401Additional Ablation Strategies

Other strategies include chemical ablation, cementoplasty, and laser photocoagulation. Chemical agents include but are not limited to ethanol, 50% acetic acid, steroids, sclerosants, and chemotherapeutic agents. This involves direct injection of the agent, but is dependent on diffusion through the tumor. Ablation volumes are unpredictable, but the treatment may be performed with small needles and repeated as needed.71,72

Percutaneous injection of polymethylmethacrylate (PMMA) or cementoplasty has been shown to offer pain relief and strengthen bone against compressive forces. Image guidance of CT or fluoroscopy aids to avoid intravasation or cement leakage. Cementoplasty has been effective in palliation of osteolytic bone metastases as a single therapy and along with ablation.71,72

Laser photocoagulation (Nd: YAG laser) uses the energy from infrared light to heat and ablate tumors. The applicators are small. They produce small ablation zones therefore are used for small tumors.72

Margins

Patient selection is not just dependent on patient performance status but also on lesion size and location. Heat-based thermal techniques are limited when lesions are adjacent to critical structures, such as vessels and nerves.69,72,89 The ability to visualize ice ball in cryoablation can be used to control proximity of ablation to nerves.72,89 IRE probes can abut vessels with minimal damage.77 However, to achieve adequate treatment, anticipated ablation zones should provide adequate margins at least on the order of 5 mm.90 This is difficult to achieve for lesions over 3 cm in size.90

Indications

Bone and Soft Tissue Tumors

While radiation therapy and surgery remain the main approach to painful skeletal metastases, it is reported that up to 30% of patients do not receive pain relief.70 Ablation can provide an alternative in these cases. In a study performed by Goetz et al., 43 patients with painful bone metastases were treated by image guided RFA, including three patients with sarcoma; 95% of patients reported a clinically significant decrease in pain.70 This was followed by a decreased opioid requirement as well after 8 weeks of the intervention.70 Callstrom et al. showed in a prospective multicenter trial that cryoablation is also a durable method to ameliorate pain from bone metastases.91 A combination of cryoablation and cementoplasty can help with pain control and improve mobility.92,93

Sarcoma specific data are limited and often combined in series with treatment of bone metastases.94,95 Li et al. reported on a pair of studies to perform joint-sparing cryoablation (12 patients) and MWA (11 patients) of juxta-articular osteosarcoma.96,97 Functional outcomes were good in both series, and only one patient had recurrence in the soft tissue.96,97 Three patients in the cryoablation study developed pulmonary metastases.97 Saumet et al. reported on seven patients with local recurrence or bone metastases from osteosarcoma, where the three patients who underwent curative RFA maintained complete remission beyond 45 months.98 Several studies report improvement in pain relief of primary malignant bone tumors with HIFU.85,99,100 In one series of 80 patients, complete necrosis was achieved in 86% of tumors, but 40 experienced complications, of which 14 patients required surgical intervention.100 These include third-degree skin burn, bone fractures, epiphysiolysis, and secondary infections.100 In the other two series, complication rates were dramatically lower; however, complete ablation was only achieved in 7% and 46% of patients.85,99

Chondroblastoma

Ablation can be used as an alternative to surgical curettage for chondroblastoma. Owing to the common location in the epiphysis and apophysis, surgical intervention can result in limb shortening and early osteoarthritis.72,101–103 Reports of this approach are small.101,102 Xie et al. reviewed 25 patients who underwent RFA for lesions that were on average 2 cm, with 88% of patients reporting complete relief of symptoms.103 Rate of local recurrence was 12%, which is not dissimilar to those reported in surgery.72,103 Rybak et al. reported on a series of 17 patients, of which 100% reported immediate pain relief, and of those who were not lost to follow-up, 93% did not require further pain medications.104 Recurrence rate was 6%, resulting in the single adverse event of delayed articular collapse.104 Hospital stays were very short, often one night.72

Desmoids

Several studies have shown safe and effective ablation of extra-abdominal desmoid tumors, which tend to be very locally aggressive.94,105–107 Havez et al. treated 13 patients and had a disease-free survival 402(DFS) rate of 82%, with local recurrence in two patients (12%) after 2 years.106 Kujak et al. reported on five patients; two patients with less than 5-cm lesions showed resolution and complete pain response.105 For the two lesions over 9 cm, size reduction was minimal and pain reduction returned to baseline.105 Schmitz et al. treated 18 patients with 26 tumors, and showed volume reduction in 95.7% of lesions and complete response in 39%.107 Progressive disease was seen in 4.3% of patients.107 Muscular injury, though a concern, is often negligible when treating soft tissue tumors. Bing et al. described myositis that was seen in over 87% of patients and was only symptomatic in two of 21 patients.108 A case example is shown in Figure 30.4.

Complications

Concerns are proximity to critical structures and technical issues regarding the devices and when performing ablation in bone risk of fracture. For example, in the study performed by Goetz et al., one patient had transient bowel and bladder incontinence when targeting the upper sacrum, one patient had a skin burn from grounding pad, and one patient had a fracture of the acetabulum 6 weeks after RFA that required surgical arthroplasty.70 Neural injury rates when treating bone and soft tissue tumors range between 0% and 25%.89 Though rare, injury to the artery of Adamkiewicz or the great anterior segmental radiculomedullary artery, which through the anterior spinal artery supplies the anterior two-thirds of the spinal cord, can result in paraplegia.89 Littrup et al. reported on 220 cyroablation procedures for oligometastatic soft tissue tumors and showed a complication rate of only 2.3%.109

Avoiding Complications

After identifying the structure at risk, different techniques can be employed to mitigate risks without compromising efficacy. Two main problems are visibility and proximity. In the case of neural structures, MR guidance provides unique visibility that CT guidance cannot.89 Contrast agent or CO2 injection can help outline nerves.89

Optimizing the distance away from critical structures can be done by careful selection of approach, for example, transpedicular access to the vertebral body rather than parapedicular. Displacement techniques vary between the use of liquid, gas, or balloons. With hydrodissection of artificial ascites, nonionic solutions are preferred in the setting of RFA to prevent inadvertent energy conduction to adjacent structures.89 CO2 is preferred over room air not only because it is a better insulator, but to prevent risks such as air embolism and pneumocephalus.89 Maintaining a safe skin temperature can eliminate the risk of skin injury. For example, when performing cryoablation, warm the skin with gauze soaked in warm water or fill a sterile glove with warm water and apply it to the area in question.89 An example is shown in Figure 30.4.

When critical structures, such as the nerves, cannot be avoided, monitoring can be performed to avoid reaching critical temperatures. Neural injury occurs when temperatures reach below 10°C and above 44°C.89 Thermocouples can be placed in the epidural space or between the nerve and the impending ablation zone to give real-time feedback of risk. Monitoring of somatosensory or motor evoked potentials can be evaluated during ablation to detect injury, but at times this may already be irreversible.89

Liver

Image-guided ablation has been shown to be safe and effective in treating primary and oligometastatic disease in the liver.110 Approaches are mixed between percutaneous, laparoscopic, and open surgery in order of increasing invasiveness. The goal of ablation is to provide local control requiring at minimum 5 mm margins in a full 360 degrees around the tumor; however, 1-cm margins are better at reducing local progression.90,110

RFA, MWA, cryoablation, and IRE have been shown to be effective with different benefits of each treatment. In general, RFA has a high rate of local control in tumor less than 3 cm and is well supported in the literature.71,110 However, it is susceptible to heat sink, requires grounding pads, has longer ablation times, and may cause thermal injury to adjacent structures. MWA is a new technology with less wealth of evidence, but can ablate lesions greater than 3 cm effectively.71,110 While MWA is less susceptible to heat sink, there is a greater risk of thermal injury than RFA.69,110 Cryoablation provides the ability to perform large ablations and the ice ball is visible. However, there is a higher risk of bleeding and cryoshock.110,111 IRE allows treatment very close to critical structures without any impact of heat sink.77,78 However, treatment times are longer, requiring neuromuscular blockage (anesthesia) and cardiac gating.75

Data specific to ablation of sarcoma metastases in the liver are limited a few series. Littrup et al. and Thomson et al. showed safety of efficacy of liver ablation metastatic sarcoma to the liver for 403cryoablation and IRE, respectively.75,111 RFA in the treatment of GIST liver metastases combined with tyrosine kinase inhibitor therapy (TKI) has been shown to be feasible and safe.112,113 In a unique study performed by Hakimé et al., three cohorts were compared one with RFA after TKI therapy was discontinue with 2-year PFS rate of 29%, a second where curative RFA was performed and TKI therapy was maintained with a 2-year PFS rate of 75%, and a third where RFA was performed only on those lesions progressing under TKI therapy with a 2-year PFS rate of 20%.112 This suggests that ablation should be approached with curative intent and that TKI therapy should be maintained for improved results.112 In a study by Jones et al., similar 2-year OS of 77% was achieved with the combination of RFA and imatinib.113 Both series were small with 17 and 13 patients, respectively.112,113 Jones et al. studied another 12 patients with a mixture of leiomyosarcoma, chondrosarcoma, and fibrosarcoma metastases to the liver who did not respond as well with a 2-year OS rate of 40%.113,114 Gravel et al. studied a series of thermal ablation (RFA, MWA, and cryoablation) of leiomyosarcoma metastases to the liver and found 1, 3, and 5-year OS rates of 96%, 62%, and 28%, respectively.114 Thomson et al. showed that IRE was safe and effective to control epitheloid hepatic hemandioendothelioma (HEHE) within their large initial series and followed this with a report suggesting it may be efficacious to add antibiotics.75,79 A case example is presented in Figure 30.5.
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FIGURE 30.4  A 42-year-old man with a biopsy-proven desmoid on his right lower back causing pressure and discomfort when he exercises and limits his ability to perform all the aspects of his work. This did not respond to celecoxib. He is referred for cryoablation to palliate and control the lesion, which measured approximately 3.5 × 4.8 × 5.0 cm at the time of treatment. Procedure was performed under general anesthesia. Seven probes were positioned around the lesion. To limit skin injury, the subcutaneous fat was infiltrated with saline. During the freezing, a sterile glove filled with warm saline was placed on the skin as well. The patient tolerated the procedure well and was discharged the next day. There was minimal postprocedure numbness over the right gluteal region. Over the next 6 months, he noted decreased pressure. He was able to resume his original exercise routine and return to full duty at work. (A) Sagittal image of a contrast-enhanced MRI showing homogeneous enhancement of the mass extending above the right gluteus muscle (asterisk). (B) Sagittal image of a contrast-enhanced MRI obtained 6 months after ablation, showing decreased enhancement and rim denoting margin of ablation zone (asterisk). (C) A pair of probes covering the mid aspect of the mass after initial 10-minute freeze cycle. (D) Saggital reformatted image showing small ice balls around each probe (dotted circle) after initial 5 minutes into first freeze cycle.





Major complication rates reported after percutaneous image-guided thermal ablation are low, ranging between 2% and 5%.115 A review of 1000 RFA treatments revealed tumor seeding (1.5%), liver abscess formation (0.7%), hemorrhage requiring transfusion (0.4%), pleural effusion requiring thoracentesis (0.4%), hepatic infarction (0.2%), bronchobiliary fistula (0.2%), pneumothorax requiring intervention (0.1%), hemothorax requiring drainage (0.1%), bile peritonitis (0.1%), bowel injury 404(0.3%), biloma (0.7%), portal vein thrombosis (0.4%), hemobilia (0.3%), and skin burns (0.3%.)116 Postablation syndrome as marked by malaise, nausea, vomiting, fever, and body aches, which is usually self-limiting, was reported in up to 18% of thermal and 15% of IRE treatments.117 Infection and abscess formation are more frequently in patients with a bilioenteric anastomosis or prior biliary manipulation with rates as 50% to 100%, but can be decreased dramatically with extended prophylactic antibiotic therapy.115 With cryoablation in the large series reported by Littrup et al., death from cryoshock was reported in 1.2% of the cohort.111 Decrease in platelets and hemoglobin was seen in 5.2% of cases, but was dramatically less when controlled for initial platelet counts and tumors greater than 4 cm.111 In the same series, reactive pleural effusion that required intervention was seen in 1.2% of the patients.111 One patient had a bowel injury.111
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FIGURE 30.5  A 50-year-old man was found to have multiple liver lesions that on biopsy proved to be hepatic epithelioid hemangioendothelioma (HEHE). He was referred for IRE for local control. Owing to pain on the right side, the fluorodeoxyglucose (FDG) avid segment VI lesion was targeted. The lesion measured 5.2 × 3.4 × 4.5 cm. Because of its size, four treatments were performed dividing the lesion into cranial and caudal components. Probes were exposed to 2.5 cm. A mixture of four, five, and three probe arrays were used to cover the area. Immediate pain procedure was managed with patient-controlled anesthesia pump. This resolved and the patient continues to state that initial pain has not returned. At 3-month follow-up, PET/CT shows resolution of the segment VI lesion, but progression in segment VII. He later underwent an IRE of segment VII lesion. This showed partial response and appears stable on follow-up imaging. (A) Axial fused PET/CT image showing FDG avid lesion in segment VI adjacent to the gallbladder. (B) Axial fused PET/CT image from 3-month follow-up scan, which showed no residual activity. (C) Volume rendering technique shows the spacing and approach in the intercostal spaces of a four-probe IRE array. (D) Maximum intensity projection of the probe tips en face to measure distances between the pairs to allow for treatment.

IRE, irreversible electroporation.





Lung Metastases

Ablation of lung metastasis has been shown to be safe and effective with RFA, cryoablation, and MWA.118–121 As shown in a prospective Phase II trial performed by Ricke et al., IRE was not effective in the treatment of lung metastases, with high local recurrence rates likely related to the interference of the air.122 Determinants of success include size and location of tumors. Generally, ablation has been successful with tumors as large as 3.5 cm, with planned ablation achieving at least 5 mm margin.120,121,123 Multiple tumors can be treated in one setting; however, bilateral treatment is not recommended.118,123 Preferred location is in the outer two-thirds of the lung to decrease bleeding risk and bronchopulmonary fistula risk.124 405Centers vary between performing the ablations under general anesthesia versus moderate conscious sedation.121,124

In theory, MWA should be more effective than RFA as ventilated lung has a high electrical resistivity.120 However, meta-analysis has shown improved median OS of 34.8 months over 18.7 months with RFA over MWA for pulmonary metastasis.121 MWA technology does continue to evolve, as does operator experience.68 Cryoablation can create larger ablation zones, offers pain control benefits, and is often preferred when tumors are pleural based.118

In a unique study, seven centers reported on their experience with pulmonary tumor RFA complications for a combined 493 procedures.124 While pneumothoraxes occurred in up to 30% of interventions, less than 10% required drainage.124 Mortality rate was approximately 0.4%.124 Of the pleural effusions that developed, only 10% needed drainage.124 This mirrors the meta-analysis performed by Yuan et al., in which pneumothoraces were reported in ~34% of cases, of which only ~12% required intervention.121 In this analysis, the rate of pleural effusions were less ~5% to 10%, of which only 0.6% required drainage.121 Bronchopleural fistula is very rarely reported on the order of 0.5% and can be treated by pleurodesis, bronchoscopic, or surgical repair.120,125 The effect of ablation on pulmonary function is generally self-limiting, unless severe pleuritis is induced or large parenchymal volumes are ablated, but is still shown to be less than surgery and stereotactic body radiation therapy (SBRT).67,119,120,126 NTS is rarely reported to be 0.3% per RFA treatment in a cohort of 374 patients with 1,024 tumor treated.67,127

Ablation of lung metastases from sarcomas has been reported within larger cohorts as safe and effective.118,119,121 Those that are specific to sarcoma show negative prognostic factors including noncurative ablation and extrapulmonary metastasis.123,128 For example, in one study to treat lung metastases from musculoskeletal sarcomas, 1- and 3-year survival rates after RFA were 58% and 29% for all patients and 89% and 59% when complete tumor ablation was performed.128 For those patients who underwent incomplete ablation, 1 and 3-year survival rates were 30% and 0%.128 Another study of RFA of lung metastases from sarcoma reported 1- and 3-year survival rates of 80% and 47% for all patients, and 100% and 63% for curative ablation.123 Overall, lung ablation is safe and can offer local control of pulmonary metastases.

SUMMARY

Sarcoma management requires participation by the interventional radiology team to provide adequate biopsies and appropriate venous access to allow for chemotherapy delivery. Moving beyond these established roles offers unique opportunities for local control and treatment. Percutaneous image-guided ablation of liver, lung, soft tissue, and bone metastases from sarcoma is safe. Data regarding primary lesions are limited. Palliation of pain, particularly of bone lesions, is well established. The ability to target lesions selectively through the intraarterial route can augment local control, especially when tumors are resistant to systemic agents. As the technology available to interventional radiologists and the techniques continue to advance, further investigation is required to establish their role in current sarcoma treatment algorithms.
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TABLE 30.4 Hepatic Embolization Response Rates

Study Etiology N Chemotherapy Embolic 1-Year | 3-Year | Median
Method OS (%) | OS (%) | OS
(Months)
Maluccio et al.* | GIST 16 None PVA or trisacyl 36
LMS 7 microspheres 18
Liposarcoma | 1 3 = s
Total 24 62 29 24
Maglivit et al.*” LMS 14 Cisplatin followed by PVA - - 12
vinblastine
Rajan et al.®® GIST B Cisplatin, doxorubicin, | Lipiodol and 67 40 13
mitomycin C PVA
Total 16
Kobayashi et al.*' | GIST 110 | Cisplatin, or cisplatin Gelfoam and/ 62 21 17.2
followed by vinblastine | or PVA
Kobayashi et al.#? | GIST 14 45.8 45.8 9.7
(imatinib
resistant)
Cao et al.®0% GIST Doxorubicin Lipiodol and - - 17
(imatinib gelfoam
resistant)
Cao et al.®® GIST 45 None Trisacyl - - 18.5
microspheres
26 Doxorubicin Lipiodol and 15.4
gelfoam
Miller et al.* LMS 20 None Resin - - 30
and glass
Total 39 microspheres
Rathmann et al.5" | GIST 11 None Resin - - 29.8
(imatinib microspheres
resistant)

GIST, gastrointestinal stromal tumor: LMS, leiomyosarcoma; OS, overall survival; PVA, polyvinyl alcohol.
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TABLE 22.2 Outcomes of Ireatments of Extraskeletal Myxold Chondrosarcoma With Chemotherapy and
Target Therapy

Reference | Study type No. of | Clinical Median Regimen PR+SD | Median | Median
Pts Settings Follow-Up (n) PFS os
(months)

Patel et al.*" | Retrospective | 11 Metastatic | 5yr Anthra-and | 0 NA NA
DTIC-based

Drilon et al.?® | Retrospective | 21 Metastatic | 3.6 yr Mainly 0 5.2mo 17.8 mo
anthra-based

Ogura et al.®* | Retrospective | 4 Metastatic | 9 yr IFX-based 0 NA NA

McGrory et | Retrospective | 6 Metastatic | 7.4 yr NA 2 NA 45 mo

al.?

Stacchiotti Retrospective | 10 Metastatic | 30 mo Anthra-based | 7 8 mo 50 mo

elal™

Morioka et Prospective 2 Metastatic | 22.7 mo Trabectedin | 2 10.2mo | 18.4 mo

al.7

Stacchiotti Retrospective | 10 Metastatic | 8.5 mo Sunitinib 6 Not NA

et al.®° reached

Stacchiotti Prospective 25 Metastatic/ | 27 mo Pazopanib 21 13.5mo | Not

et al.®! locally reached

advanced

Anthra, anthracycline; DTIC, dacarbazine; IFX, ifosfamide; OS, overall survival; NA, nat available; PFS, progression-free survival;
PR, partial response: Pts, patients: SD, stable disease.
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TABLE 22.1 Clinicopathologic Studies and Main Prognostic Factors In Extraskeletal Myxoid

Chondrosarcoma
Reference Years Number of 0OS (%) Prognostic Factor
Pts 5 Years | 10 Years
Enzinger and Shiraki® | 1972 34 83 83 Cellularity
Saleh et al.™ 1992 10 80 60 NA
Meis-Kindblom et al.5 | 1999 99 90 70 Age, tumor size and location, metastasis
Oliveira et al.*® 2000 23 91 78 None
McGrory et al.®? 2001 16 87 63 Tumor size, histologic factors (cellularity,
Ki-67, atypia)
Drilon et al.?® 2008 87 82 65 Tumor size, metastasis
Ogura et al.® 2012 23 91 84 Tumor size, metastasis

NA, not available; Pts, patients; OS, overall survival.
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TABLE 19.1 Summary of Therapies: Recurrence and Responses in Desmoid lumors

Treatment Type Recurrence Rate (%) | No. Patients | Tumor Types Reference
Surgery
RO resection* 5-year: 75%-84% 203 Extra- and Gronchi, et al. 2003?”
intra-abdominal
R1 resection* 5-year: 52%-81% 189 Trunk and Merchant, et al.
extra-abdominal 199g%
Treatment Type Response Rate (%) No. Patients | Tumor types Reference
Hormonal therapy* 40%-51% 79 Intra-abdominal Desurmont, et al.
20152
NSAIDs
Single therapy’ ~27% Meta-analysis | Extra- and Bocale, et al. 2011%°
Conjunction with hor- ~85% intra-abdominal Klein, et al. 1987
monal therapy® 7 Trunk and
intra-abdominal
COX-2 inhibitors® 95% 22 Extra- and Nishida, et al. 20107
intra-abdominal
Radiation
Partial response® ~80% 44 Trunk and Keus, et al. 20137
extra-abdominal Micke, et al. 20057
Complete response* ~13% 52
Extra- and
intra-abdominal
Chemotherapy” 30%-80% 68 Extra- and de Camargo, et
intra-abdominal al. 2010%and
Desurmont, et al.
2015
Tyrosine kinase inhibitors
Partial response’ 65%-70% 19 Extra- and Heinrich, et al. 2006%
intra-abdominal
Complete response*
Extra- and Chugh, et al. 2010%°
6%-16% 51 intra-abdominal
Novel therapies
Limb perfusion® ~75% 25 Extra-abdominal van Broekhoven, et
y-Secretase inhibitort ~30% 17 Extra- and al. 2015"7
intra-abdominal Kummar, et al. 2017

*Complete response rates = complete regression of disease.
*Partial response rates = stable or regression of disease.
COX, cyclooxygenase; NSAIDs, nonsteroidal anti-inflammatory drugs.
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TABLE 29.2 Cellular Immunotherapy

ical Irials for Sarcoma (continued)

Title/Description

Cellular
Therapy

Target
Antigen

Status

Trial Number

Phase

Est.
Completion

Her2 Chimeric Antigen
Receptor Expressing T Cells in
Advanced Sarcoma

CAR-T

HER2

Recruiting

NCT00902044

2031

A Pilot Study of NY-ESO-
1(c259) T Cells in Subjects
With Advanced Myxoid/
Round Cell Liposarcoma

TCR

NY-ESO-1

Recruiting

NCT02992743

™

2020

iC9-GD2-CAR-VZV-CTLs/
Refractory or Metastatic
GD2-positive Sarcoma and
Neuroblastoma

CAR-T

GD2
(14g2a
mAb)

Recruiting

NCT01953900

26

2036

Safety and Efiicacy Evaluation
of 4th Generation Safety-
engineered CAR T Cells
Targeting Sarcomas

CAR-T

Sarcoma
surface
antigens’

Recruiting

NCT03356782

12

20

2020

T Cell Receptor-transduced
T Cells Targeting NY-ESO-1
for Treatment of Patients
With NY-ESO-1- Expressing
Malignancies

NY-ESO-1

Recruiting

NCT02457650

36

2019

Combination of Cryosurgery
and NK Immunotherapy for
Recurrent Sarcoma

NK

Not
applicable

Recruiting

NCT02849366

/2

30

2019

EGFR806 CAR T Cell
Immunotherapy for Recurrent/
Refractory Solid Tumors in
Children and Young Adults

CAR-T

EGFR

Recruiting

NCT03618381

36

2036

Study of Adoptive
Immunotherapy Using
Autologous CD8+ NY-ESO-
1-Specific T Cells and the
NY-ESO-1 Immunostimulatory
Agents LV305 or CMB305 For
Patients With Sarcoma

TCR
LV305

NY-ESO-1

Recruiting

NCT03450122

2019

Study of TBI-1301 (NY-ESO-1
Specific TCR Gene
Transduced Autologous T
Lymphocytes) in Patients With
Solid Tumors

NY-ESO-1

Recruiting

NCT02869217

2020

Autologous Tumor
Infiltrating Lymphocytes
MDA-TIL in Treating

Patients With Recurrent or
Refractory Ovarian Cancer,
Osteosarcoma, or Pancreatic
Ductal Adenocarcinoma

TIL

Not
defined

Recruiting

NCT03610490

~

60

2021

CAR-T, chimeric antigen receptor T cell; GTL, cytotoxic T lymphocytes; NK, natural killer cells; TCR, T-cell receptor; TIL,

tumor-infiltrating lymphocytes.
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Refractory or recurrent RMS treatment
Suspected relapse (unlessBL:?\zz)Lljivocal) Assess prognosis Discuss goals of
refractory/ Gonsidartiror rolecular | (prior Tx, age, sites of —»| treatment and
progressive disease genotyping recurrence, etc.) prognosis
Partial response . .
(radiated lesions) Chemotherapy Clinical trial 4—_/
or complete [ 2-3 cycles to assess [ versus
response response SoC
+
N

Local control
Resect if feasible

or Recurrence/

Radiation therapy

Supportive/palliative
care

progression
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Treatment Response Surveillance

MRI or CT of primary site g3 mo x 4; g4 mo x 6;q 6 mo x 4
CXR or Chest CT g3 mo x 4; g4 mo x 6;q 6 mo x 6

) Bone scan/Pet Scan as clinically indicated

Complete Response or Partial Response > i if received antt

Late effects surveillance per institutional preference

mo = months

|Refractory/Progressive Disease }—b Progression/Refractory Therapy
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First Line therapy

RMS Consensus Treatment Algorithm

VAC
Vincristine 1.5 mg/m? max mg

(Preferred) |VAC x4 LC|VAXx4
Low-Risk Dactinomycin 0.045 mg/kg max 2.5 mg*
RMS Cyclophosphamide 1200 mg/m? *
(Alternate) |VAx4 LC|VAXx 12 VA
Vincristine 1.5 mg/m? max mg*
Dactinomycin 0.045 mg/kg* max 2.5 mg
(Preferred) VACHVT LC HRACIVT ﬂ e %
Intermediate (VAC x3;VIx2) (VAC x 4; VI x 5) Vincristine 1.5 mg/m? max 2 mg
Risk RMS Irinotecan 50 mg/m2 x 5
(Alternate) |VAC x4 LC|VACx8 vDC
Vincristine 1.5 mg/m?
Doxorubioin 75 mg/m2 + dexrazoxane
High-Risk IE
FN-RMS >10 yo (Preferred) | VAC/VI/DC/IE (51 weeks) LC | VAC/VI/DC/IE Ifosfamide 9 g/m?
Etoposide 500 mg/m?
VACNVI s " i
LC |VACNVI Weekly vincristine given in alt weeks
High-Risk (ANl (VAC x 7;VI X 7) LC: Local control (surgery or radiation)
FP-RMS Reasonable) [VAC * dose reduce for age < 3 yea
(VAC x 14 LC | VAC (see Supplemental Table 1°for de1a||ed
chemotherapy protocols)
Up-Front F F Delayed F F F
Surgical Group Margin  Node XRT(G: Resection Margin Node XRT (Gy)
| (FN-RMS) Neg NO 0 Neg. No 36
IIA (FP-RMS) Neg NoO 36 Microscopic No 41.4
11A (NO) Pos NoO 36 N1 41.4
1A (N1) Neg N1 36 No Resection or
IIC (N1) Pos N1 a4 Gross residual* Any 50.4
Il (any) N/A Nx 50.4 * Orbital RMS = 45 Gy and complete response to
1l (orbit) N/A Nx 45-50.4 induction chemotherapy, otherwise 50.4 Gy
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for RMS: Initial Workup

A. C. R
[Diagnostic Imaging: Include Regional LN consider Multidisciplinary RMS Workup
- MRI: extremity, axial, in isi Pathol
- CT: abdomen/pelvis clinical trial resection versus biopsy o y (MyoD, myogenin, and so forth)
lar testlng for PAX/FOXO1 fusion

Additional Staging Studies

CSF Analysis
Parameningeal

Bone/ Bone Marrow Analysis
FP RMS, T2 (>5 cm), or Bilateral BMA/Bx
N1 (nodal disease) PET or T

(* Tc Bone Scan if PET not available)

Lumbar Puncture with CSF cytology

Effusion Analysis

Pleural, Peritoneal, etc. If concern for malignant involvement

Lymph Node Sampling

Paratesticular Unilateral relropentloneal lymph node dissection
(RPLND) if > 10 yex

Extremity Sentinel Lymph Node Blops

Other Sites Biopsy suspicious nodes (by PET or MR imaging)

Clinical:

Personal and Family History, exam

Fertility Discussion

Lymph node biopsy (when applicable, see text)

¢ I%?ing:
PET scan (perferably in conjuction with CT)
Dedicated CT Chest (3-5 mm slices). if not included in
PET-CT

Genetics:
- Consider workup for genetic predisposition syndrome
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Malignant neoplasm other 7%

Thyroid carcinoma 8.7%

ALL 7.5%
AML 4.5%
Germ cell, gonadal 13.7%
NRSTS 6% Hodgkin
lymphoma 46%
RMS 1.7%,

Ewing sarcoma 2%
Osteosarcoma 4.1%

Neuroblastoma 0.3%

Wilms tumor 0.2% )
Non-Hodgkin lymphoma 8%
CNS 9.7%

(A)

Germ cell, gonadal 3.5%
NRSTS 3.5%

RMS 3.4%

Ewing sarcoma 1.5%
Osteosarcoma 2.5%

Thyroid carcinoma 1.3%

Malignant neoplasm other 1.2%

Hepatoblastoma 1.2% ALL 25.4%
Wilms tumor 5.4% l_r
k ‘ AML 5%
Retinoblastoma 2.9%
Hodgkin
lymphoma 4%
Neuroblastoma 7% Non-Hodgkin

CNS 20.6% lymphoma 5.9%

(B)
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TABLE 6.7 Genetic Syndromes Associated With Rhabdomyosarcoma

Syndrome Location in Genome Gene Function
Beckwith-Wiedemann 11p155; 11pi154 CDKN1C, H19, IGF2,

syndrome KCNQ10T1

Costello syndrome 11p15.5 HRAS Cell growth and division
DICER1 syndrome 14923.13 DICER1 Ribonuclease

Gorlin syndrome 9922.3 PTCH1 Tumor suppressor
Li-Fraumeni syndrome 17p13.1 P53 DNA damage response
Noonan syndrome 12924 PTPN11

Neurofibromatosis type 1 179112 NF1 Regulator of the RAS system

Sources: Data from Skapek SX, Ferrari A, Gupta AA, et al. Rhabdomyosarcoma. Nat Rev Dis Primers. 2019;5(1):1. doi:10.1038/
s41572-018-0051-2; Diller L, Sexsmith E, Gottlieb A, et al. Germline p53 mutations are frequently detected in young children
with rhabdomyosarcoma. J Clin Invest. 1995;95(4):1606-1611. doi:10.1172/JCI117834.
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TABLE 6.8 TNM Staging for Rhabdomyosarcoma

Stage Site i Size N M

| Orbit T1orT2 aorb NO or N1 or N2 Mo
Head/neck (hon-PM), GU-nonbladder/
nonprostate, biliary tract

] Bladder/prostate, extremity, cranial, T1 T2 a NO or N1 MO
PM, other (trunk, retroperitoneum,
excludes biliary tract)

1l Bladder/prostate extremity, cranial, T16ET2 a N1 MO
PM, other (trunk, retroperitoneum, b NO or N1 or N2
excludes biliary tract)

\% All T1orT2 aorb NO or N1 M1

Note: MO, no distant metastasis; M1, metastasis present (includes positive cerebrospinal fluid, pleural or peritoneal cytology);
NO, regional nodes not involved; N1, regional nodes involved; Nx, status of regional nodes not known; T1, primary tumor
confined to the anatomic site of origin; T2, primary tumor with extension and/or fixation to the surrounding tissue. Size (a)
indicates primary tumor <5 cm; size (b) indicates primary tumor >5 cm.

GU, genitourinary; PM, parameningeal; TNM, tumor node metastasis.

Source: Adapted from Malempati S, Hawkins DS. Rhabdomyosarcoma: review of the Children’s Oncology Group (COG)
Soft-Tissue Sarcoma Committee experience and rationale for current COG studies. Pediatr Blood Cancer. 2012;59(1):5-10.
doi:10.1002/pbc.24118.
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TABLE 6.3 Genetic Predisposition Syndromes Assoclated With Osteosarcoma

Syndrome Location in Genome Gene Function

Bloom syndrome 15026.1 BLM (RecQL3) DNA helicase

Diamond-Blackfan anemia Ribosomal proteins Ribosome production

Li-Fraumeni syndrome 17p13.1 P&3 DNA damage response

Paget disease 18g21-ga22/5931/5935-qgter | LOH18CR1 IL-1 TNF signaling; RANKL
pathway

Hereditary retinoblastoma 13q14.2 RB1 Cell cycle checkpoint

Rothmund-Thomson 8024.3 RTS (RecQL4) DNA helicase

syndrome

Werner syndrome 8p12-p11.2 WRN (RecQL2) DNA helicase, exonuclease
activity

IL-1, interleukin 1; RANKL, receptor activator of nuclear factor-kB ligand; TNF, tumor necrosis factor.
Sources: Data from Kansara M, Thomas DM. Molecular pathogenesis of osteosarcoma. DNA Cell Biol. 2007;26(1):1-18.
doi-10 1089/dna 2006 0505
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Diagnosis of eligible soft tissue sarcoma
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v
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Neoadjuvant
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Low High

All disease resected?

'
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TABLE 21.1 Therapeutic Approach to Malignant Peripheral Nerve Sheath Tumors (MPNSTs)

broma and low-
grade MPNST

major morbidity.
Wide negative
margins not needed
(marginal margins
sufficient)

Tumor Treatment Modality
Surgery Radiation Chemotherapy Investigational
Agents
Atypical neurofi- If feasible without No No Currently no trials

specifically for atyp-
ical neurofibromas
available; consider
for unresectable or
multiple tumors

MPNST high-grade,
nonmetastatic,
resectable

Yes, with wide
negative margins
by an experi-
enced sarcoma/
neurosurgeon

Preoperative (pre-
ferred) or postoperative
for tumors >5 cm or for
microscopic positive
margins

No evidence; institution
specific pre- and/or
post surgery (include
doxorubicin and
ifosfamide)

Currently no
investigational

trials for completely
resected MPNST
available

MPNST high-grade,
nonmetastatic

If feasible after
neoadjuvant

If tumor shrinkage
allows for surgery or in

Neoadjuvant chemo-
therapy with goal to

Consider after
neoadjuvant

metastatic

specific

unresectable chemotherapy palliative setting shrink tumor for poten- | chemotherapy
tial resection
MPNST high-grade, | With palliative intent | With palliative intent No evidence; institution | Yes

MPNST, malignhant peripheral nerve sheath tumors.
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TABLE 18.1 Recurrence Rates for Local Anglosarcoma by Ireatment Modality

Local Recurrence (%)

Local Disease Location N Surgery Alone S+RT

All locations® 67 86 55

All locations® 55 M 31
Two-year OS (%)

Face* 48 0 25

N, number of patients; OS, overall survival; S+RT, surgery plus radiation therapy.
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TABLE 18.3 Efficacy of largeted Agents for Patients With Anglosarcoma

Treatment Study Type N mPFS mOS
Bevacizumab Prospective, Phase Il, single arm®® 30 6.5 mo 31 mo
Pazopanib Retrospective analysis® 40 3 mo 9.9 mo
Sorafenib Phase Il study® 41 1.8, 3.8 mo 12, 9.0 mo
Propranolol Case report™ i Unknown Unknown
Checkpoint inhibition Laboratory, case report’7® 1 Unknown Unknown

mOS, median overall survival; mPFS, median progression-free survival.
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TABLE 18.2 Efficacy of Chemotherapeutic Agents for Patients With Angiosarcoma

Treatment Study Type N mPFS | mOS

Anthracyclines No specific agent; prospective, pooled analysis* 108 4.9 mo | 9.9 mo

Taxanes Paclitaxel: Angiotax, prospective, Phase Il trial® 30 4 mo 8 mo
Angiotax Plus, prospective Phase |l trial, paclitaxel arm®® 26/50 | 6.6 mo | 19.5 mo

Paclitaxel + bevacizumab Angiotax Plus, prospective Phase Il trial, combination arm® | 24/50 | 6.6 mo | 15.9 mo

Gemcitabine Retrospective analysis, gemcitabine single agent*® 25 7 mo 17 mo

mOS, median overall survival; mPFS, median progression-free survival.
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TABLE 13.2 TNM Staging System of Rhabdomyosarcoma

Stage | Sites T Size N M

1 Orbit TiorT2 |aorb NOor N1 MO
Head and neck (excluding parameningeal) orhx
GU—nonbladder/nonprostate
Biliary tract/liver

2 Bladder/prostate TiorT2 | a NO or Nx Mo
Extremity, cranial
Parameningeal, other (includes trunk, retroperitoneum, etc.)
Except biliary tract/liver

3 Bladder/prostate TlorT2 | a N1 Mo
Extremity cranial b NOor N1 Mo
Parameningeal, other (includes the trunk, retroperitoneum, etc.) or Nx
Except biliary tract/liver

4 All TiorT2 [aorb | NOorN1 M1

T: Tumor

T1(site) confined to anatomic site of origin

T2(site) extension and/or fixative to surrounding tissue

(@) <5 cm in diameter

(b) >5 cm in diameter

N: Regional nodes

N, regional nodes not clinically involved

N1: regional nodes clinically involved by neoplasm defined as (a) >1 cm by CT or MRl or (b) 18F-FDG avid

N, clinical status of regional nodes unknown (especially the sites that preclude lymph node evaluation)

M: Metastasis

M, no distant metastasis

M, metastasis present

FDG, fluorodeoxyglucose.
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Progi Cl ffication in Children ing to the group
Rhabdomyosarcoma Study Group Experience

Prognosis Stage | Clinical | Site Size |Age Histology | Metastasis | Nodes
Group (Years)
Excellent (>85%) | 1 | Favorable aorb | <21 Fusion Mo NoO
negative
LowsfiskisubsetiA [y [ Favorable aorb | <21 Fusion Mo NO
negative
1 n Orbit only aorb [ <21 Fusion Mo No
negative
2 | Unfavorable a <21 Fusion Mo NO or Nx
negative
1 ] Favorable aorb | <21 Fusion Mo N1
negative
Very good 1 I Orbit only aorb | <21 Fusion Mo N1
(70%-85%) negative
i stbssti 1] Favorable, aorb | <21 Fusion Mo NO or N1
el excluding orbit negative or Nx
2 It Unfavorable a <1 Fusion Mo NO or Nx
negative
3 lorll Unfavorable a <21 Fusion Mo N1
negative
3 lorll Unfavorable b <21 Fusion Mo NO or N1
negative or Nx
Good (50%-70%) | 2 mn Unfavorable a <21 Fusion Mo NO or Nx
negative
InSrmealatslisis | [ i Unfavorable | a <21 Fusion Mo N1
negative
3 1] Unfavorable b <21 Fusion Mo NO or N1
negative or Nx
1,2,8 [ [Favorableor [aorb | <21 Fusion Mo NO or N1
unfavorable positive or Nx
4 v Favorableor | aorb | <10 Fusion M1 NO or N1
unfavorable negative or Nx
Poor (<30%) 4 v Favorable or aorb | 210 Fusion M1 NO or N1
unfavorable negative or Nx
High risk 4 v Favorable or aorb | <21 Fusion M1 NO or N1
unfavorable positive or Nx

Note: a, tumor size 5 cm in diameter; b, tumor size >5 cm in diameter; favorable site, orbit/eyelid, head and neck (excluding
parameningeal), genitourinary (not bladder or prostate), and biliary tract; MO, no distant metastases; M1, distant metastases
present; NO, regional nodes clinically not involved; N2, regional nodes clinically involved; Nx, node status unknown; unfavorable
site, bladder, prostate, extremity, parameningeal, trunk, retroperitoneal, pelvis, other.

Source: Adapted with permission from Raney RB, Anderson JR, Barr FG, et al. and

sarcoma in the first two decades of life: a selective review of intergroup Study Group

rationale for Intergroup Rhabdomyosarcoma Study V. J Pediatr Hematol Oncol. 2001:23:215-220. doi:10.1097/00043426-
200105000-00008. Copyright ©2001 Lippincott Williams & Wilkins.
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TABLE 29.1 Target Antigen EXpression by Sarcoma Subtype

Sarcoma Subtype NY-ESO-1 | LAGE-1 MAGE-A3 | MAGE-A4 MAGE-A9 | SSX-2
Gastrointestinal stromal - + ++ + +
tumor

Synovial sarcoma +++ +++ ——

Uterine leiomyosarcoma ++ ++ ++ +++ e
Nonuterine - ¥ § 4

leiomyosarcoma

Angiosarcoma

Undifferentiated pleomor- | + - $ &

phic sarcoma

Liposarcoma +++ ++ ++ +++

Osteosarcoma +++ +++ +++ +++

Chondrosarcoma +++ +++ +++ ++

Ewing sarcoma - - g 5
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TABLE 29.2 Cellular immunotherapy Clinical Triais for Sarcoma

Title/Description

Cellular
Therapy

Target
Antigen

Status

Trial Number

Phase

Pts

Est.
Completion

NY-ESO-1-Specific T-cells
in Treating Patients With

Receiving Palliative Radiation
Therapy

TCR

NY-ESO-1

Completed

NCT02319824

NK White Blood Cells and
Interleukin in Children and
‘Young Adults With Advanced
Solid Tumors

NA

Completed

NCT01875601

APilot Study of Autologous
T-Cell Transplantation With
Vaccine Driven Expansion
of Anti-Tumor Effectors
After Cytoreductive Therapy
in Metastatic Pediatric
Sarcomas

CTL
Vaccine

EF-1,
EF-2,
PXFK

Completed

NCT00001566

Autologous T Cells and
Cyclophosphamide in Treating
Patients With Soft Tissue
‘Sarcoma That is Metastatic
or Cannot Be Removed By
Surgery

TCR

NY-ESO-1

Completed

NCT01477021

‘APhase | Tral of T Cels
Expressing an Anti-GD2
Chimeric Antigen Receptor
in Children and Young Adults
With GD2+ Solid Tumors

CAR-T

aD2

Completed

NCT02107963

TAA-Specific CTLS for Solid
‘Tumors (TACTASOM)

NY-ESO-1,
MAGE-A4,
PRAME,
Survivin,
and SSX

Active, not
recruiting

NCT02239861

NY-ESO-1-specific T Cell
Receptor (TCR) T Cell in

NY-ESO-1

Recruiting

NCT03462316

2020

LTX-315 and Adoptive T-cell
Therapy in Advanced Soft
Tissue Sarcoma

Not
defined

Recruiting

NCT03725605

2023

To Evaluate the Efficacy of
NY-ESO-1-specific T Cell
Receptor (TCR) Affinity
Enhancing Specific T Cellin
Solid Tumors

TCR

NY-ESO-1

Recruiting

NCT03159585

2019

APilot Study of Genetically
Engineered NY-ESO-1 Specific
NY-ESO-1(c259) in HLA-

A2+ Patients With Synovial
Sarcoma

NY-ESO-
1(c259)

Recruiting

NCT01343043

2020

Study of TBI-1301
(NY-ESO-1 T Cell Receptor
Gene Transduced Autologous
T Lymphocytes) in Patients
With Synovial Sarcoma

NY-ESO-1

Recruiting

NCT03250325

s

2020

MAGE-A4(c1032) T for
Multi-Tumor

MAGE-Ad

Recruiting

NCT03132922

2020

(continued)
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IABLE 3.4 Sarcomas With Simple Genetic Alterations (continued)

Sarcoma Genetic Alteration Detection Method Targeted Therapy
‘Sclerosing epithelioid FUS-CREBAL2 FISH
fibrosarcoma FUS-CREBAL1 PCR
EWSR1-CREBL1 NGS
YAP1-KMT2A
Congenttal fibrosarcoma | ETV6-NTRK3 FISH Larotrectinib
PCR Entrectinib
NGS
blas- | MGEAS-TGF! PCR
tic sarcoma/hemosiderotic NGS
fibrolipomatous tumor
Pleomorphic hyalinizing FBXW4-TGFBR3 PCR
angiectatic tumor NGS
Inflammatory myofibroblastic | TPM3-ALK FISH Crizotinib
tumor TPMA-ALK PCR Alectinib
CLTC-ALK NGS Ceritinib
RANBP2-ALK
CLTC-ALK
CARS-ALK
SEC31A-ALK
ATIC-ALK
‘Synovial sarcoma 5518-5SX1 1HC CMB305
5518-55X2 FISH Adaptimmune
S818-58X4 PCR
SS18L1-SSX1 NGS
SS18-NEDD4
Myxofibrosarcoma KIAA2026-NUDT11 PCR
CCBL1-ARLT NGS
AFF3-PHF1
Tenosynovial giant cell tumor | COL6A3-CSF1 PCR Pexidartin
NGS
‘Alveolar thabdomyosarcoma | PAX3-FOXOT THC
PAX7-FOXO1 FISH
PAX3-FOXO4 PCR
PAX3-NCOAT NGS
PAX3-NCOA2
FOXO1-FGFR1
Biphenotypic sinonasal PAX3-MAML3 PCR
sarcoma PAX3-NCOAT NGS
PAX3-FOXO1
‘Alveolar soft part sarcoma | ASPCRI-TFES IHC Cediranib
FISH
PCR
NGS
‘Spinde cell SRF-NCOAZ FISH
thabdomyosarcoma TEAD1-NCOA2 PCR
NGS
Ossifying fibromyxoid tumor | EP400-PHF1 1HC
MEAF6-PHF1 FISH
2C3H3-BCOR PCR
NGS
Mesenchymal HEY1-NCOAZ FISH
PCR
Epithelioid WWTR1-CAMTAT IHC
hemangioendothelioma YAP1-TFE3 FISH
PCR
NGS
Pseudomyogenic SERPINE1-FOSB THC
hemangioendothelioma ACTB-FOSB FISH
PCR
Fi NG, sequencing; PCR, poly

reaction: RT-PCR. reverse transcription polymerase chain reaction.
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TABLE 3.4 Sarcomas With Simple Genetic Alterations

Sarcoma Genetic Alteration Detection Method Targeted Therapy
Ewing sarcoma EWSR1-FLI1 IHC (FLI1)
EWSR1-ERG Karyotype
EWSR1-ETV1 FISH
EWSR1-ETV4 RT-PCR
EWSR1-FEV NGS
EWSR-ZSG
EWSR1-PATZ1
FUS-ERG
FUS-FEV
Ewing-like sarcoma EWSR1-NFATc2 FISH
CIC-DUX4 RT-PCR
CIC-DUX4L NGS
CIC-FOX04
BCOR-CCNB3
BCOR-MAML3
ZC3H7B-BCOR
Desmoplastic small round EWSR1-WT1 IHC (c-WT1) Olaratumab
cell tumor EWSR1-ERG Karyotype
FISH
PCR
NGS
Clear cell sarcoma EWSR1-ATF1 FISH Vemurafenib
EWSR1-CREB1 PCR
IRX2-TERT NGS
Extraskeletal myxoid EWSR1-NR4A3 FISH
chondrosarcoma TAF2N-NR4A3 PCR
TCF12-NR4A3 NGS
TFG-NR4A3
HSPA8-NR4A3
Myxoid/round cell FUS-DDIT3 FISH Trabectedin
liposarcoma EWSR1-DDIT3 NGS
Dermatofibrosarcoma COL1A1-PDGFB FISH Imatinib mesylate
protuberans PCR
NGS
Gastrointestinal stromal KIT IHC Imatinib mesylate
tumor PDGFRA FISH
NGS
Solitary fibrous tumor NAB2-STAT6 IHC Sunitinib
FISH
NGS
Low-grade fibromyxoid FUS-CREB3L2 FISH
sarcoma FUS-CREB3L1 PCR
NGS

(continued)
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TABLE 3.5 Sarcomas With Complex Genetic Alterations

Sarcoma Genetic Alteration Detection Method | Targeted Therapy
Well-differentiated/ 12q13-15 rings IHC, FISH, NGS Palbociclib
dedifferentiated liposarcoma MDM2 amplification

CDK4 amplification

FRS2 amplification

HMGA2
Pleomorphic liposarcoma RB1 RB1 IHC, NGS
Leiomyosarcoma TP53, ATRX, and MED12 | NGS

Malignant peripheral nerve sheath tumor

NF1, SMARCB1

NF1, SMARCB1 [HC

Fibrosarcoma

NTRK rearrangements

Pan-TRK IHC, NGS

Larotrectinib, entrectinib

Dedifferentiated osteosarcoma MDM?2 and CDK4 IHC, FISH, NGS

amplification
Chondrosarcoma IDH1/2 IHC, FISH, NGS Ivosidenib
Angiosarcoma PTPRB and KDR NGS

ROS1 rearrangements
Epithelioid sarcoma SMARCB1 IHC, NGS Tazemetostat
Undifferentiated sarcoma NOTCH1/2 NGS

FAT1

PRDM?10 fusions

FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing.
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TABLE 3.6 Pathologic Staging System

Bone primary tumor (T) staging system

Body site Appendicular skeleton, Spine Pelvis
trunk, skull, facial bones
T category T criteria T criteria T criteria
™ Primary tumor cannot be Primary tumor cannot be assessed Primary tumor cannot be assessed
assessed
TO No evidence of primary No evidence of primary tumor No evidence of primary tumor
tumor
T Tumor <8 cm in greatest Tumor confined to one vertebral segment or two adja- Tumor confined to one pelvic segment Tla Tumor <8 cm in greatest
dimension cent vertebral segments with no extraosseous extension dimension
Tib | Tumor >8 cm in greatest
dimension
2 Tumor >8 cm in greatest Tumor confined to three adjacent vertebral segments Tumor confined to one pelvic segment T2a Tumor <8 cm in greatest
dimension with extraosseous extension or two seg- dimension
ments without 1s extension
T2b | Tumor >8 cm in greatest
dimension
T3 Discontinuous tumors in Tumor confined to four or more adjacent vertebral seg- Tumor spanning two pelvic segments T3a Tumor <8 cm in greatest
the primary bone site ments, or any nonadjacent vertebral segments with extraosseous extension dimension
T3b
T4 Extension into the | T4a Extension into the spinal Tumor spanning three pelvic segments or | T4a Tumor involves sacroiliac
spinal canal or canal crossing the sacroiliac joint joint and extends medial to
great vessels the sacral neuroforamen
T4b Evidence of gross vas- T4b Tumor encasement of exter-
cular invasion or tumor nal iliac vessels or presence
thrombus in the great of gross tumor thrombus in
vessels major pelvic vessels

(continued)
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TABLE 3.2 Grading of Bone and Soft Tissue Sarcoma

mas of doubtful type, synovial sarcomas, soft tissue
osteosarcoma, Ewing sarcoma/PNET of soft tissue

10 HPF

Score Tumor Differentiation Mitotic Count Tumor Necrosis

1 Sarcomas closely resembling normal adult mesen- 0-9 mitoses per 10 HPF | No necrosis
chymal tissue (e.g., low-grade leiomyosarcoma)

2 Sarcomas for which histologic typing is certain (e.g., | 10-19 mitoses per <50% tumor necrosis
myxoid/round cell liposarcoma) 10 HPF

3 Embryonal and undifferentiated sarcomas, sarco- >20 mitoses per >50% tumor necrosis

HPF, high-power field; PNET, primitive neuroectodermal tumor.
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TABLE 24.2 Efficacy Data of Iyrosine Kinase Inhibitor Iin Patients With Metastatic Choradoma

Author Drug/Dose n | Eligibility ORR (RECIST) | PFS os
DCR

Stacchotti® Imatinib Positive PDGFRB/PDGFB | ORR =2%

800 mg/day 56 | expression DCR = 64% 9 months | 34.9 months
Stacchotti®' Imatinib 400 mg/day Imatinib-pretreated ORR =2.3%

plus everolimus 2.5 DCR = 88%

mg/day 43 14 months | 47 months
Stacchotti?* Lapatinib 1,500 mg/ Imatinib-pretreated with DCR = 72% by

day 18 | EGFR expression/mutation | Choi criteria 8 months | -

DCR, disease control rate; EGFR, epidermal growth factor receptor; ORR, objective response rate; OS, overall survival;
PDGFRB, platelet-derived growth factor receptor-$; PFS, progression-free survival; RECIST, response evaluation criteria in solid

tumors._
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TABLE 24.1 Efficacy Data of Chemotherapy In Patients With Locally Advanced/NMetastatic Chordoma

Author Site n | Subtype Chemotherapy Response | Duration
of Disease
Control
Chugh® Any 15 | N/A 9-Nitro-camptothecin ORR 7% mTTP 9 weeks
(1 PR) mOS 24 months
Dhall®® Clivus [ 4 |[3NOS, 1 Ifosfamide/etoposide after SD 9-13 years
dedifferentiated | subtotal resection
Fleming®” Sacrum | 2 | Dedifferentiated | Multi-drug 1CR 6 months
Etoposide/cisplatin/vincristine/ | 1 PR 12 months
dacarbazine/
cyclophosphamide/doxorubicin

CR, complete response; mTTP, median time to tumor progression; N/A, not available; NOS, not otherwise specified; ORR,

objective response rate; mOS, median overall survival; PR, partial response; SD, stable disease.
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TABLE 3.6 Pathologic Staging System (continued)

Soft tissue primary tumor (T) staging system

Body site Head and neck Trunk and extremities Abdomen and thoracic visceral organs
T category T criteria T criteria T criteria
X Primary tumor cannot be assessed Primary tumor cannot be assessed Primary tumor cannot be assessed
TO No evidence of primary tumor
T Tumor <2 cm Tumor 5 cm or less in greatest dimension Organ confined
T2 Tumor >2 to <4 cm Tumor >5 cm and <10 c¢m in greatest dimension Tumor exten- T2a Invades serosa or visceral peritoneum
sion into tissue
beyond organ T2b Extension beyond serosa (mesentery)
T3 Tumor >4 cm Tumor >10 cm and <15 cm in greatest dimension Invades another organ
T4 Tumor with invasion of adjoining Tumor >15 cm in greatest dimension Multifocal Tda Multifocal (two sites)
StGHIbs invalement T4b | Multifocal (three to five sites)
Tac Multifocal (more than five sites)
Regional lymph node (N) staging system
Body site Bone Soft tissue
N category N criteria N criteria
NX Regional lymph nodes cannot be assessed Primary tumor cannot be assessed
NO No regional lymph node metastasis No regional lymph node metastases or unknown lymph node status
N1 Regional lymph node metastasis Regional lymph node metastasis

Distant metastasis (M) staging system

Body site Bone Soft tissue

M category M criteria M criteria

MO No distant metastasis No distant metastasis
M1 Distant metastasis Mia Lung Distant metastasis

M1b

Bone or other distant sites
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TABLE 13.6 Studies C in Adult

Author Number of Age Tumor Surgery Chemotherapy Radiation Response | EFS/PFS/0S

(Year)® Patients (Median) | Characteristics Rate

Sultan et al. 1,071 adults Age >19 Unfavorable site cate- | NA NA NA NA 0S@5y:27%

(2009) gory: 65%

M+:

E-RMS: 20.4%
A-RMS: 14.5%
P-RMS: 19%
Spindle cell: 1%
NOS subtype: 43%

Bompas et al. | 157 (retrospec- | 37 M+: 29% Surgery of primary: 81% Retrospective: CR: @ 8.5y: mOS 49 mo

(2018)° tive cohort) E-RMS: 21% 69% (80% of M— 68% 59% if CR+
Treated A-RMS: 35% patients and 41% of | Neoadjuvant 31% mOS 9 mo if CR—
between 2010 P-RMS: 44% M+ patients) Adjuvant 23% CRM-: (p <.0001)
and 2014 EXT: 48% Both 8%, palliative 18% 2%

H&N: 25% mOS 40 mo in M-
GU: 9% PP: 53% of patients with A-RMS CR M+: mOS 13 mo in M+
who received CT, 69% of E-RMS, 28%
and 12% of P-RMS

Bompas et al. | 292 (prospec- 55 M+:70% NA NA NA NA mOS:

(2018 tive cohort) E-RMS: 17% A-RMS: 35 mo
Treated A-RMS: 18% P-RMS: 37 mo
between 2010 P-RMS: 65% E-RMS: not reached
and 2014 EXT: 38%

H&N: 22% mPFS:
A-RMS: 19 mo
P-RMS: 11 mo
E-RMS: 27 mo
0S @ 5y30%

Hawkins et 84 (1982-1999) | 23 M+: 44% 75% 92% 63% NA mDFS: 22 months

al. (2001)'® E-RMS: 51% Vincristine, dactinomycin,

A-RMS: 30% cyclophosphamide, ifosfamide, EBRT: 49% 0S35% @5y
P-RMS: 17% etoposide

Brachytherapy:

12%
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TABLE 12.1 Overview of Clinical Cl tics in Different of Chondr
Cl isti C i Central | C C D Clear Cell
ClI coma y Peripheral | Periosteal Chondr ClI coma Cl
Cl Chondr
Definition Tumor arises within the | Tumor arises from the Tumor occurs at the Well-differentiated benign Undifferentiated small Tumor cells with clear,
intramedullary space surface of bone, gen- surface of bone and is | lesion or chondrosarcoma | round cell component empty cytoplasm
erally from the cartilage possibly of periosteal juxtaposed with a high- admixed with islands
cap of preexisting origin grade noncartilaginous of well-differentiated
osteochondromas component cartilage
% in all ~75% ~10% <1% ~10% ~3% ~2%
chondrosarcomas
Age (years) >50 40-60 20-30 Median age 59 10-20 20-30

Preferential location

Pelvis, proximal femur,
proximal humerus,
distal femur, ribs

Pelvis, shoulder girdle
bones

Metaphyseal region of
the long bones, espe-
cially the femur and the
humerus

Pelvis and shoulder

Skeleton (jawbones, ribs,
ilium, vertebrae); extraos-
seous (meninges)

Epiphysis of humeral or
femoral head

Histologic grading

Grade I-lll

Grade I/l

Grade I/l

High grade

High grade

Low grade

Prognosis Good, with 5-year Good, with 5-year overall | Good, with 5-year Poor, with 5-year overall Poor, with 10-year survival | Good, with 5-year over-
overall survival rates as | survival rate ~90%? overall survival rate survival rates ranging from | rate in the range of all survival rate >80%"
follows: grade I, 89%; Il ~83%' 7% to 24%° 27%-67%"*
and Ill, 57%"

Treatment Surgical management (resistant to conventional chemotherapy and radiation Surgery; possibly Surgery; possibly che- Surgery

therapy)

chemotherapy

motherapy and radiation
therapy
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TABLE 12.2 Ongoing Clinical Trials for Patients With Chondrosarcoma

ClinicalTrial.gov Identifier | Drug Mechanism Condition Phase Status
Targeting IDH mutations
NCT02073994 AG-120 Mutant IDH1 inhibitor Advanced solid tumors, including chondrosarcoma, with an 1 Active, not
IDHT mutation recruiting
NCT02273739 AG-221 Mutant IDH2 inhibitor Advanced solid tumors, including chondrosarcoma, with an 12 Completed
IDH2 mutation
NCT02481154 AG-881 Pan-IDH mutant inhibitor Advanced solid tumors, including chondrosarcoma, with an 1 Active, not
IDH1 and/or IDH2 mutation recruiting
Targeting PI3K/AKT/mTOR pathway
NCT02821507 Sirolimus mTOR inhibitor ic or myxoid and 2 Recruiting
Cyclophosphamide chondrosarcoma
NCT00401388 Perifosine PI3K and AKT inhibitor Chondrosarcoma, alveolar soft part sarcoma, and extraskele- | 2 Completed
tal myxoid chondrosarcoma
NCT03190174 ABI-009 (nab-sirolimus) mTOR inhibitor L sarcoma, li chon- 12 Recruiting
drosarcoma, osteosarcoma, and Ewing sarcoma
NCTO01560260 Linsitinib IGF-1R inhibitor Camey complex, , GIST, and 2 Completed
NCT00720174 Cixutumumab Unresectable, locally advanced, or metastatic soft tissue 1 Completed
Doxorubicin IGF-1R inhibitor sarcoma
Targeting angiogenesis
NCT01330966 Pazopanib Selective multitargeted receptor u or 2 Completed
tyrosine kinase inhibitor
NCT02389244 Regorafenib Mum kinase inhibitor; targets High-grade osteosarcoma, Ewing sarcoma of bone, interme- | 2 Recruiting
ic, stromal, and diate- or high-grad and
receptor tyrosine kinase
NCT01532687 'azop: 3 Selective receptor Refractory soft tissue sarcoma including extraskeletal myxoid | 2 Recruiting
tyrosine kinase inhibitor chondrosarcoma
Targeting Hedgehog pathway
NCT01310816 1PI-926 SMO inhibitor ic or 2 Completed
NCT01267955 Vismodegib SMO inhibitor Advanced chondrosarcomas 2 Active, not
recruiting

GIST, gastrointestinal stromal tumor; IGF-1R, insulin-like growth factor 1 receptor; mTOR

target of ; PIBK

3-kinase; SMO,

Sources: Data from Kim MJ, Cho KJ, Ayala AG, Ro JY. Chondrosarcoma: with updates on molecular genetics. Sarcoma. 2011 2011:405437. doi:10.1155/2011/405437; Lin PP, Moussa\lem CD, Deavers

MT. Secondary chondrosarcoma. J Am Acad Orthop Surg. 2010;18:608-615. doi:10.5435/00124635-201010000-00004; Strotman PK, Reif TJ, Kli

SA, et al. D¢

survival analysis of 159 cases from the SEER database (2001-2011). J Surg Oncol. 2017;116:252-257. doi:10.1002/js0.24650; Frezza AM, Cesari M, D, etal.

prognostic factors and outcome in 113 patients. A European Musculoskeletal Oncology Society study. Eur J Cancer. 2015:

a

374-381. doi:10.1016/j.ejca.2014.11.007.
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TABLE 16.1 Summary lable of Management Recommendations

extra-articular; knee,
ankle, hip

TGCT Type Anatomic Sites Recurrence | Management
Risk
GCT-TS Digits, hand, foot, wrist Low Surgical excision
Localized Intra-articular; knee, hip, | Low Surgical excision, en bloc, possibly arthroscopic
PVNS hand/foot, wrist/ankle
Diffuse PVNS Intra-articular and High 1. Complete, gross total excision with synovectomy,

anterior and posterior
2. Recurrence
a. Imatinib or other tyrosine kinase inhibitor
b. CSF1/CSF1R targeted agent, as available
c. Radiation synovectomy, external beam radiation,
for recurrent disease in elderly patients
3. Total joint arthroplasty, if joint destruction present,
age and site dependent

CSF1, colony stimulating factor 1; CSF1R, CSF1 receptor; GCT-TS, giant cell tumor of tendon sheath; PVNS, pigmented
villonodular synovitis; TGCT, tenosynovial giant cell tumor.
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TABLE 23.1 Pathologic Characteristics, 1 1 Stainil and Molecular Abnormalities
of Endometrial Stromal Sarcomas

End ial Pathologic Characteristics Immur hemical Molecul:

Stromal Profile Abnormalities
Sarcoma Type

Low-grade endo- Uniform cells characteristic of
metrial stromal endometrial stromal differentiation

ER alpha, PR, AR positive | JAZF1/SUZ12,
CD10 positive JAZF1/PHF1,

sarcoma * Minimal cellular pleomorphism * Desmin, caldesmon +/— EPC1/PHF1,
* Mild nuclear atypia * Cyclin D1 negative or 5% | EPC2/PHF1,
* Myometrial and/or vascular inva- focal positive MEAF6/PHF1,
sion described as “tongue-like,” e BCOR +/- MBTD1/Cxorf67
“finger-like,” or “wormlike” e Ki67 <56%

High-grade endo-
metrial stromal
sarcoma

YWHAE-altered * Endometrial * May be * ER, PR, CD10 negative YWHAE/NUTM2A/B
stroma associated except in areas of LG-ESS | fusion
differentiation with LG-ESS morphology

* High-grade morphology ¢ Desmin, caldesmon +/—
nuclear atypia * Cyclin D1 positive
* Destructive * BCOR positive
myometrial and/ * May be KIT positive, but
or vascular inva- DOGH1 negative
sion similar * CD56, CD99 positive
* High mitotic diffuse
activity * Ki67 25%,
BCOR-altered * Myxoid ¢ CD10 positive (BCOR ZC3H7B-BCOR fusion
background; fusion)
spindled and | ¢ CD10+/- (BCOR ITD) BCORITD
round cell e ER, PR +/-
morphology * Desmin, caldesmon +/—
e BCORITD- * Cyclin D1 positive
round cell * BCOR =
morphology * Ki67 25%

AR, androgen receptor; ER, estrogen receptor; ITD, internal tandem duplication; LG-ESS, low-grade endometrial stromal sar-
coma; PR, progesterone receptor.

Source: From Parra-Herran C, Howitt BE. Uterine mesenchymal tumors: update on ification, staging, and fea-
tures. Surg Pathol Clin. 2019;12(2):363-396. doi:10.1016/j.path.2019.01.004; Juckett LT, Lin DI, Madison R, et al. A pan-cancer
landscape analysis reveals a subset of endometrial stromal and pediatric tumors defined by internal tandem duplications of
BCOR. Oncology. 2019;96(2):101-109. doi:10.1159/000493322; McCluggage WG, Lee CH. YWHAE-NUTM2A/B translocated
high-grade endometrial stromal sarcoma commonly expresses CD56 and CD99. Int J Gynecol Pathol. 2019;38:528-532.
doi:10.1097/pgp.0000000000000554; Brunetti M, Gorunova L, Davidson B, et al. Identification of an fusion transcript in low-
grade endometrial stromal sarcoma. Oncotarget. 2018:9(27):19203-19208. d .18632/oncotarget.24969.
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TABLE 13.6 Studies C in Adult ir

Author Number of Age Tumor Surgery Chemotherapy Radiation Response | EFS/PFS/0S
(year) patients (median) | characteristics rate
Gerber 148 28 M+: 32% NA 91% 73% NA 0S@5y:45% in M-
(2013)® (1990-2011)
E-RMS: 54%, A-RMS: Cyclophosphamide, doxorubicin, os@5yforall
33%, P-RMS: 12%, vincristine: 58% cohort: 34%
NOS RMS: 2%
VAC: 26%
Parameningeal: 25%
GU nonbladder non- Others: Al, MAID
prostate: 22%
Noujaim et al. | 45 (1995-2014) | 71.5 M+ 28.9% 81.3% of localized 31.1% NA NA mOS M-: 12.8 mo
(2015)%0 diseases First-line palliative
P-RMS: 51.1% Multi-agent PP: 6.6% mOS M+: 7.1 mo
Ifosfamide-doxorubicin: 8.8%
Single-agent doxorubicin: 15.5% Relapse rate 53.8%?
mPFS: 2.3 mo
Liuetal. 20 (2004-2015) | 34 M+ 20% = 95% 65% i 0S @ 3y:56.25%
(2019)1%% M-
H&N and paramenin- VAC-based chemotherapy in the
geal: 60% majority of patients 0% M+
E-RMS: 15%
A-RMS: 40%
P-RMS: 45%
*Some patients also received ine, cisplatin, in, or ide, in addition to ide/if ide and Five paﬂen(s recelved intrathecal methotrexate for
parameningeal RMS, and four patients with metastases received high-dose chemotherapy. In 20 cases, chemotherapy did not include or (i.e., single-agent

with doxorubicin or a two-agent regimen involving doxorubicin plus dacarbazine was used; both treatments were based on regimens used to treat adults with soft tissue sarcomas).
AP, adult protocol; A-RMS, alveolar RMS; CR, complete response; DFS, disease-free survival; EBRT, external beam radiation therapy; EFS, event-free survival; E-RMS, embryonal RMS; EXT, extremities;
GU, genitourinary; H&N, head and neck; M+, metastatic disease; M-, nonmetastatic disease; MAID, Mesna, doxorubicin, ifosfamide, dacarbazine; mDFS, median DFS; MFS, metastasis-free survival;
mOS, median overall survival; mPFS, median progression-free survival; NA, data not available; NOS, not otherwise specified; ORR, objective response rate; OS, overall survival; PFS, progression-free
survival: PP, pediatric protocol: PR, partial response; P-RMS, ic RMS: RMS, RR, response rate: tx, treatment: VAC, vincristi , cy
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Dumont et al. | 239 19 M+: 32% NA 100% NA NA mOS M-:3.8y
(20138 E-RMS: 38%
117 older than A-RMS: 23% Dactinomycin: 17% mOS M+: 1.4y
20 (49%) P-RMS: 10%
Ifosfamide: 26% 0OS@15y:14.4%
(1957-2003) H&N: 44% in M+ disease +
Doxorubicin: 70% bimodality tx
0S @ 14y:37.5%
in M+ disease +
trimodality tx
mPFS 0.9y
Esnaola et al. | 39 (1973-1996) | 26 33% M+ 54% 95% 69% CRto 0s@5y:31%
(2001)"%¢ E-RMS: 18% Complete resection: chemo: 0S@10y:27%
A-RMS: 56% 18% VAC: 46% Median dose 1% M-:0S @5y: 44%
P-RMS: 13% MAID: 35% 55 Gy (range PR: 32% M+:0S @5y: 0%
H&N: 33% Other ifosfamide-based regimen: [ 30-66) RR: 73%
EXT:31% 8% Brachytherapy
Other doxorubicin-based regimen: | 5%
1%
Little et al. 82 (1960-1998) | 27 M+:10% 55% 71% 66% ORRto DFS@ 10y: 41%
(2002)1%s E-RMS: 34% chemo: 0S @10y: 40%
A-RMS: 23% 75% MFS @ 15y: 53%
P-RMS: 43%
H&N: 52%
Ferrari 171 27 M+:17% NA 72.5% 61% ORRto EFS@5y:28%
(2003)100 (1975-2001) E-RMS: 33% chemo
A-RMS: 34% 58% multidrug regimen containing 85% 0S@5y:40%
P-RMS: 21% cyclophosphamide or ifosfa-
NOS: 12% mide, in addition to doxorubicin,
epirubicin, or dactinomycin; most
H&N: 29% regimens also included vincristine
EXT: 27%

(continued)





