arco

e E——

A Practical Guide to
Multidisciplinary Management

Peter F. M. Choong
Editor

@ Springer



Sarcoma



Peter F. M. Choong
Editor

Sarcoma

A Practical Guide to Multidisciplinary
Management

@ Springer



Editor

Peter F. M. Choong

St. Vincent’s Hospital Melbourne, Peter MacCallum Cancer Centre and
University of Melbourne Department of Surgery

Victoria, VIC

Australia

ISBN 978-981-15-9413-7 ISBN 978-981-15-9414-4  (eBook)
https://doi.org/10.1007/978-981-15-9414-4

© Springer Nature Singapore Pte Ltd. 2021

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore


https://doi.org/10.1007/978-981-15-9414-4

Preface

Sarcoma is a heterogeneous group of tumours that arise from mesenchymal tissue.
Unlike the more common carcinoma, sarcoma is rare, and whose behaviour is char-
acterised by substantial growth, a propensity to metastasise and aggressive recur-
rence if managed sub-optimally. The rarity of this tumour also means that for the
majority of clinicians, diagnosis and treatment of such a tumour is typically con-
fined to exceedingly low numbers over a lifetime. With this low level of exposure
comes an inexperience which underpins earlier reported rates of treatment failure.
For the patient, life and limb loss has been the sequel to a diagnosis of sarcoma in
the past.

Modern sarcoma care is now characterised by a multidisciplinary, centre-based
approach which capitalises on advances in diagnostics, radiotherapy, chemotherapy
and surgery. Limb preservation surgery is now the norm for many who in the past
faced amputation. For a condition with a near fatal outcome only 50 years ago,
patients may now expect 5-year survival rates over 70%, one of the most substantial
survival improvements amongst all solid cancers.

Appropriate management from the beginning underpins good treatment out-
comes. This requires a systematic understanding and approach to care. This book
brings together the expertise of a major sarcoma centre and highlights the multidis-
ciplinary nature of the “team”. The kernel of the multidisciplinary approach is the
regular multidisciplinary meeting, so-called MDM. In this meeting, cases are dis-
cussed and the distilled wisdom of experts in imaging, pathology, genetics, radio-
therapy, chemotherapy and surgery is collected to inform care paths and the ultimate
patient journey. The opportunity that this provides to both patients and clinicians is
the chance to model through debate and evidence the best care for each individual
patient.

This book provides a pragmatism born from over a quarter of a century as one of
Australia’s leading sarcoma centres. The regimes discussed in this book are those
that have evolved from global evidence that has been shaped by local context. For
each recommended treatment path, we acknowledge that there will be others in the
literature that will differ. This book discusses the principles and foundations upon
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which the sarcoma care provided by the partners of the Victorian Comprehensive
Cancer Centre is based.

This book will be an excellent resource for residents, trainees, consultants and
those interested in a centre-based multidisciplinary approach to sarcoma care.

Victoria, VIC, Australia Peter F. M. Choong
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Centre-Based Care for Bone
and Soft Tissue Sarcoma

Olivia Imkyeong Jo and Peter F. M. Choong

1.1 Introduction

Bone and soft tissue sarcomas are rare tumours that constitute less than 1% of all
cancers in adults [1]. Misrecognition, misdiagnosis and, as a consequence, inexpert
attempts at management occur frequently [2]. With rare cancers such as sarcomas,
the prognosis is improved when patients are managed at specialist centres with a
multidisciplinary team [3]. Such centres are associated with better compliance with
clinical practice guidelines, a better quality of diagnosis and management as well as
a lower recurrence rate with notably less frequent reoperations compared to non-
specialist centres [4]. This review provides the current evidence to support the mul-
tidisciplinary team approach to sarcomas and explains the operational structure of
the multidisciplinary care at our centre.

1.2  The Rationale for Multidisciplinary Sarcoma Care

Sarcomas are rare tumours that require complex pathological diagnosis [5] and
imaging interpretation [6-9]. Careful biopsy technique to ensure tissue extraction
without contaminating healthy tissue is essential for optimal management of sarco-
mas. Surgical treatments of bone and soft tissue sarcomas are sophisticated and
frequently require coordinated care from multiple surgical disciplines such as
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orthopaedic oncology, general surgical oncology, thoracic surgery, plastic surgery
and other anatomically indicated surgical disciplines. Chemotherapy is routinely
used for many high-grade bone and soft tissue sarcomas and often entails multiple
agents with significant toxicity. Radiation therapy is given for select tumours as an
adjunct to surgery or as a solitary management option. The doses used for sarcomas
are far greater than those used for more routine indications such as bone metastasis
[10]. Together, the management of sarcomas mandates close cooperation of experts
within the multidisciplinary team.

1.3  Diagnosis

Patients suspected of bone and soft tissue tumours should undergo a diagnostic
work-up. This consists of clinical evaluation, local and systemic imaging of tumour
extent and histological examination of the tumour. Radiographs can be helpful in
revealing areas of calcification, soft tissue shadowing and bony destruction [11, 12].
Magnetic resonance imaging (MRI) is the modality of choice to determine the size
and location of soft tissue lesion as well as the proximity to adjacent anatomic struc-
tures. Functional imaging, such as positron emission tomography (PET) [13] and
bone scan [14], is often performed to decide the needle trajectory to target the most
metabolically active area [14] within the lesion, to improve the overall diagnostic
accuracy [15] and to assess for local recurrence [12].

Systemic staging is critically important for the management of sarcomas. A com-
puted tomography (CT) scan of the chest should be obtained on initial presentation
because sarcomas are known to metastasise to the lungs, and the findings of meta-
static disease may alter the goals of treatment [12, 16]. In non-specialist centres,
only 43% of patients with soft tissue sarcomas underwent radiological examination
of the tumour, while 24% of patients were investigated for metastatic disease before
treatment. This contrasts with specialist sarcoma centres where 100% of patients
underwent local imaging of the tumours and 78% had systemic staging [17].

Biopsies allow for tissue diagnosis. In non-specialist centres, biopsies are often
inadequately or inappropriately performed. Biopsies not performed by an expert
may lead to delay in treatment from repeating a previously non-diagnostic biopsy,
complications from improperly placed incision that confounds future surgeries and
healthy tissue contamination [18]. Pre-referral biopsy can lead to increased local
relapse and mortality as well as more radical surgery resulting in loss of function
and long-term disability [19]. Incorrectly performed biopsy with poor techniques
can lead to profound implications such as missing the chance of timely diagnosis of
a potentially curable disease and adding morbidity to the definitive surgery.

Unlike many other cancers, in bone and soft tissue tumours, pathological inter-
pretation requires understanding of the clinical presentation and radiological inter-
pretation of aggressiveness due to their heterogeneous morphology [12]. Particularly,
in low-grade cartilage bone tumours (Figs. 1.1, 1.2, 1.3, and 1.4), the specimen
cannot be interpreted in isolation, but rather in the clinical and imaging context. The
diagnosis made by the referring pathologist often exhibits significant discrepancies
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Fig. 1.1 Coronal
computed tomography of
proximal fibula of a
41-year-old female
presenting with 2-week
history of pain. Grade 1
chondrosarcoma. Image
shows a chondroid lesion
involving the proximal
fibula. There is thinning of
cortex without frank
cortical breach (arrow)

from the final diagnosis by a musculoskeletal pathologist. Review of diagnosis by a
specialist pathologist improves the accuracy of diagnosis in these rare and heteroge-
neous tumours [20] and is advised by current clinical practice guidelines [21-23].
The final diagnosis of sarcomas can be made collectively by experts following a
discussion of all relevant clinical, imaging and histological findings.

1.4 Treatment of Bone Cancers

Primary bone cancers may be treated with resection, chemotherapy and radiation.
Chemotherapy usually extends 10—12 weeks preoperatively, and significant toxicity
is often associated. Specialist medical oncologic input is necessary to medically
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Fig. 1.2 T1 coronal
sequence shows lobulated,
expansile lesion of the
right fibula head and neck
(arrow), compatible with
low-grade chondroid
aetiology

Fig. 1.3 Tc-99m DMSA
(V) image demonstrates
moderately intense tracer
uptake uniformly within
the chondroid abnormality
of the proximal fibula
(arrow). Tc-99m DMSA (V)
technetium-99m
dimercaptosuccinic acid

optimise patients for surgery and deal with any resultant toxicities. The surgical
removal of the tumour is often complex and requires multiple surgical disciplines:
orthopaedic oncology for resection of bone and skeletal reconstruction and plastic
surgery for optimal tissue coverage. Effective communication and coordination
between the disciplines prevent delay in providing the necessary care to patients.
Pathological interpretation of the surgical specimen by the bone tumour pathologist
regarding margins and degree of tissue necrosis is an important predictor of progno-
sis and guides subsequent management [10].
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Fig. 1.4 Image-guided
biopsy was carried out
under computed
tomography by a
diagnostic radiologist
through the shortest path to
the tumour to minimise
potential contamination.
Optimal needle trajectory
was determined upon
discussion at the
multidisciplinary meeting

1.5 Treatment of Soft Tissue Sarcoma

Currently, the mainstay treatment for soft tissue sarcoma is surgical removal of the
entire tumour [10]. For localised sarcomas, a complete resection with a margin of
several centimetres of healthy tissue to secure a free margin may achieve cure [24].
Unfortunately, unplanned soft tissue sarcoma excision occurs frequently without
the utilisation of the multidisciplinary team, execution of necessary surgical mar-
gins or appropriate assessments of tumour diagnosis and local and systemic staging
[1]. Unplanned surgery without a proper knowledge of the diagnosis is highly asso-
ciated with residual disease or contamination of surrounding structures [25].
Positive excision margins have been reported to be as prevalent as 67-93% in
patients treated outside of specialist centres [26—29]. Local recurrence rates at non-
specialist centres are two to four times higher than those achieved in specialist cen-
tres [30-33]. Despite the tendency of excising potentially more aggressive and
larger tumours [34], specialist hospitals showed better local control than community
hospitals [1].

Due to the risks associated with incomplete excision, reoperation occurs fre-
quently for patients initially treated inappropriately at non-sarcoma centres.
Reoperation is often more complex and extensive [4]. The rates of plastic recon-
struction and amputation were much higher in the re-excision group compared
to the rates for patients who had appropriate initial resection. The required size
of resection is increased at reoperation, thereby making the nature of recon-
struction of defects more complex and increasing the need for tissue coverage
[35]. As a result, these patients may experience greater surgical morbidity,
potentially worse long-term functional outcomes [34] and significantly worse
final results in terms of quality of surgery [4]. Nonetheless, re-excision has not
been associated with worse local recurrence, metastasis-free survival nor over-
all survival [36-38].
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With advantages of radiotherapy, the need to resect important neurovascular
structures, or musculoskeletal structures, may be reduced, allowing for limb-spar-
ing surgeries [39]. Radiation therapy pre- or post-limb-sparing surgery increases
locoregional control in more than 90% of patients compared to conservative surgery
without radiation therapy [4]. The role of chemotherapy in soft tissue sarcomas is
controversial due to high toxicity and non-significant benefits to long-term survival
and prognosis [12, 40]. Some evidence suggests chemotherapy can provide survival
benefits in specific subtypes such as synovial sarcomas with metastasis [41, 42].
The decision to chemotherapy should be made on a case-by-case basis by medical
oncologist with specific expertise.

1.6 Management of Metastatic Sarcoma

The decision of how to evaluate and treat suspicious nodules in the setting of a diag-
nosis of sarcoma (non-surgical, surgical or medical treatment with chemotherapy)
must be carefully determined in the multidisciplinary setting with the treatment
goals, prognosis and functional status of patient in consideration. The differentia-
tion between metastatic nodules and other non-specific lung nodules or infection
requires diagnostic radiologist comparing with previous scans. Definitive diagnosis
may require biopsy to be taken by an interventional radiologist and interpreted by a
pathologist. Patients with bone and soft tissue sarcomas with solitary metastasis to
lungs or isolated lesion in the body are now treated more aggressively by thoracic
surgeon, orthopaedic surgeon and other anatomically directed surgeons. This is due
to the improved the prognosis for the patients [43].

1.7  Multidisciplinary Sarcoma Team and Clinic at St.
Vincent’s Hospital Melbourne and Peter MacCallum
Cancer Centre

1.7.1 Sarcoma Clinic

Each patient referred to our sarcoma centre is triaged and receives scheduled
appointments with orthopaedic or general surgical oncologists for initial investiga-
tion of bone and soft tissue mass. Concurrent appointments with medical oncolo-
gists and radiation oncologist can be organised on the same day and within the same
building. This enables coordinated care, particularly for patients who travel a long
distance. The services of another discipline are often able to be incorporated because
the expectation for multidisciplinary needs for patients is embedded within the cen-
tre. Patients post definitive treatment of sarcomas must be followed up closely for
early detection of potential recurrence of disease or metastasis. They are reviewed
three to four monthly for the first 2 years with clinical examination and appropriate
imaging (i.e. plain radiographs and MRI of the surgical site and CT of the chest) and
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six monthly for a further 2 years with a plan for yearly review for the following
4 years. Thus, a routine clinical follow-up spans at least 8 years.

1.7.2 Multidisciplinary Meeting

At St. Vincent’s Hospital Melbourne, we have a weekly multidisciplinary meeting.
Attendees include orthopaedic oncologists, medical oncologists, surgical oncolo-
gist, radiation oncologists, thoracic oncologist, plastic surgeon, musculoskeletal
diagnostic radiologists, pathologists and administrative personnel (Fig. 1.5). Other
disciplines may also bring relevant cases for discussion. Patients are presented with
all relevant clinical, radiological and pathological findings. Specific questions are
brought up and addressed with the unique input from different specialties. A consis-
tent, comprehensive and institutional approach to manage sarcomas can prevent
management instituted by a single provider within their own discipline. This also
provides fantastic educational opportunities for specialists of one filed to learn
about expertise and current advances that are outside of their field. Trainees are
welcome to attend and observe a greater number of sarcoma cases than would oth-
erwise encounter in a single non-sarcoma practice.

Fig. 1.5 St. Vincent’s Hospital/Peter Mac Cancer Centre weekly multidisciplinary meeting.
Orthopaedic oncologists, medical oncologists, radiation oncologists, thoracic surgeon, plastic sur-
geon, radiologists, pathologists, orthopaedic trainees and administrative staff are reviewing imaging
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1.7.3 Clinical Trials

Clinical trials drive important advancements in the management of uncommon dis-
eases like sarcomas. The multidisciplinary tumour team is often up to date with
ongoing or new national and institutional trials and can provide an excellent plat-
form for enrolling patients in appropriate clinical trials and maximising options [44].

1.8 Impact of Delayed Referral on Patient Outcomes

Delayed referral to a sarcoma centre occurs frequently and can be prolonged. Some
causes for delayed referral include delayed presentation of patients to primary carer
or non-compliance of referring hospitals with clinical practice guidelines [45].
Sixty-three percent of patients with delayed referral had been subjected to extensive
imaging studies, and 34% received biopsy or surgery at local hospitals prior to
referral [46]. Regardless of the cause of the delay, it has been shown to impact on
patient management and prognosis [46, 47]. Only 28% of patients who were referred
after undergoing inappropriate excision and developing local recurrences achieved
disease-free survival as opposed to 73% of patients who were referred directly to a
specialist centre [47]. Delayed referral was further associated with increased total
number of operations and local recurrence rate [48]. However, there are conflicting
evidence suggesting that the impact of delayed definitive treatment on overall sur-
vival or metastasis is not significant [49, 50].

1.9 Recommendation

The general recommendation is to refer patients with a tumour larger than 5 cm in
size and lesions deep to or adherent to deep fascia directly to a sarcoma centre to be
managed by a specialist sarcoma unit. Diagnostic investigations before referral are
not required [51]. Patients treated at sarcoma centres with high patient load had
greater survivorship even if they travelled further distances than those who stayed
close to home and underwent treatment of sarcoma at a regional centre [4].

1.10 Conclusion

Due to the rarity of bone and soft tissue sarcomas, the likelihood of patients under-
going correct biopsy and imaging tests, initial curative management with wide mar-
gin and appropriate medical treatment is significantly higher at specialist centres
with multidisciplinary team. Similarly, the rates of incomplete excision, reoperation
and local recurrence are lower when patients receive treatments within a specialised
sarcoma centre. Timely referral to a specialist centre equipped with a multidisci-
plinary team of experts before the commencement of any treatment would optimise
management and reduce morbidity.
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Sarcomas are a group of rare malignant neoplasms of mesenchymal origin which
may occur in skeletal and extraskeletal tissue, including muscles, tendons, fat,
synovium, fibrous tissue, blood vessels and the peripheral nervous system [1, 2].
Tumours of soft tissue and bone are characterised by a high degree of morphologi-
cal, molecular and clinical heterogeneity. Sarcomas are classified by the World
Health Organization (WHO) according to histological features into over 100 types,
of which at least 70% are soft tissue sarcomas [2, 3]. The classification system for
sarcomas is an evolving process, reflecting the advent of novel molecular, cytoge-
netic and immunohistochemical techniques which facilitate the identification of
groups of sarcoma cells expressing tumour-specific markers [4]. These techniques
play a pivotal role in the refinement of sarcoma diagnosis, which is currently based
on tumour morphology, immunohistochemistry and clinic-pathological correla-
tion [2].

2.1 Epidemiology of Sarcomas

Sarcomas represent fewer than 1 in 100 solid malignancies in adults but account for
more than 1 in 5 solid malignant tumours in the paediatric population [5]. According
to data from the Surveillance, Epidemiology and End Results (SEER) database [6],
during the period between 1973 and 2008, soft tissue sarcomas occurred in higher
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frequencies than malignant bone cancers. In 1 year, 87% of sarcomas diagnosed
were soft tissue sarcomas (STS), and the remaining 13% were malignant bone sar-
comas. The most common malignant tumours of bone are osteosarcoma and chon-
drosarcoma, which cumulatively account for over 50% of bone cancer diagnoses
[5]. Among STS, the category “other specified soft tissue sarcomas” was the most
common, accounting for 51% of all STS. Kaposi sarcoma (9% of all sarcoma diag-
noses) and fibrosarcomas (7% of all sarcoma diagnoses) were the two most frequent
identifiable STS diagnosed in 2008, according to SEER data [5]. Overall, soft tissue
sarcomas have an annual incidence of 6 per 100,000 persons [6]. In Europe, the
estimated incidence of STS is 4 per 100,000 per year [7], while in England, the
incidence of soft tissue sarcoma between 1979 and 2001 was 9.1 per million person-
years at risk [8]. An increase in the overall incidence in STS has been recorded;
however this may also reflect the advancement of diagnostic tools and greater
research interest in the field of sarcomas.

The SEER database also shows the relationship between age and sarcoma inci-
dence [6]. The mean ages at diagnosis for STS and malignant bone cancers were 58
and 40 years, respectively, in the 4-year period between 2004 and 2008 [9]. On the
other hand, the average age of death in patients with STS and bone cancer were 65
and 58 years, respectively [9]. It is evident from results in the database that there is
an increase in the rate of STS from infancy until 5 years of age. Although the inci-
dence of STS is the lowest among young adults, this value rises gradually until age
50, after which the increase in incidence is more exaggerated. According to the
SEER database, under 10 years of age, the incidence of STS was 0.9 per 100,000
children, and this increased to 18.2 per 100,000 adults over 70 years of age [1].
Malignant bone tumours have a relatively consistent incidence across all ages, with
elderly individuals experiencing a slightly higher incidence. It is known, for exam-
ple, that embryonal rhabdomyosarcoma is unique to young individuals, while undif-
ferentiated pleomorphic sarcoma is primarily a tumour of older populations. Males
are affected by STS more frequently than females, but the true variations in incidence
according to gender and age groups are dependent on the histological type of sar-
coma. The 5-year survival rate for STS has been reported as 50-60%; however there
is significant variation in survival and prognosis for the various STS subtypes [10].

An investigation into the importance of race as a risk factor for sarcoma occur-
rence has revealed that Caucasians are much more commonly affected by Ewing’s
sarcoma than Asians, Africans and African Americans [11]. It is believed that this
discrepancy in prevalence of Ewing’s sarcoma between the different race groups
reflects a genetic basis for the condition. Overall, Ewing’s sarcoma has an incidence
of 2.1 per million in the United States and is the second most common cancer of
bone in children and adolescents [12]. Interestingly, people of Black ethnicity have
the highest incidence of STS malignancies at 5.1 cases per 100,000 people, while
Whites have a rate of 4.5 cases per 100,000 people, and American Indians/Asian
Pacific Islanders have a lower incidence rate of 2.8 per 100,000.

Geographic variations in sarcoma incidence have also become evident. For
instance, chondrosarcomas occur in greater rates in America compared to Asian
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countries [13]. A more detailed study of sarcoma incidence across various geo-
graphical regions, titled Cancer Incidence in Five Continents, Volume XI, shows
that age-standardised incidence rates of osteosarcoma for both males and females
do not in fact differ greatly between Asian countries and the United States, which
was contrary to reports elsewhere [13]. Nevertheless, some interesting observations
were made in this study, including the discovery that Japanese migrants living in
“westernised” countries had a higher risk of osteosarcoma incidence relative to the
overall population. For Japanese males, the incidence rate of osteosarcoma was 1.3
per 100,000 in California and 1.1 per 100,000 in Hawaii, in comparison to an inci-
dence rate of 0.2-0.6 cases per 100,000 males in the general population across vari-
ous continents [5]. Among females in Sondrio, Italy, a high incidence of osteosarcoma
cases at 1.4 per 100,000 has also been discovered [5]. This finding is in contrast with
the low incidence of 0.1-0.4 per 100,000 osteosarcoma cases among females in
other regions of Italy [5]. Further epidemiological studies are required to uncover
the significance of this finding which is presently unclear (Figs. 2.1 and 2.2 and
Table 2.1).
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Table 2.1 Occurrence of sarcomas identified by histological classification in 2008, according to
data from the Surveillance, Epidemiology and End Results (SEER) database [5, 6]

Percentage

Sarcoma types Subtypes (%)
Malignant bone Osteosarcomas 4.0 127
sarcomas Chondrosarcomas 4.0

Ewing’s sarcoma and other related sarcomas 2.0

Other specified malignant bone sarcomas 1.9

Unspecified malignant bone sarcomas 0.8
Soft tissue Kaposi sarcoma 89 |873
sarcomas Rhabdomyosarcomas 33

Fibrosarcomas, peripheral nerve sheath tumours, and other | 7.1

fibrous sarcomas

Other specified soft tissue sarcomas 51.2

Unspecified soft tissue sarcomas 16.8

2.2 Pathogenesis of Sarcomas
2.2.1 Understanding the Origin of Sarcomas

It is postulated that sarcomas are derived from multipotent precursor cells of
mesodermal tissues which have undergone malignant transformation [6]. There
have been suggestions that subtypes of sarcomas arise from lineage-specific
genetic mutations in mesenchymal stem cells (MSCs) that have not yet committed
to a specific line of differentiation [14]. For example, the knock-out of p53 and
RB genes in multipotent MSCs has been shown to induce osteosarcoma formation
[15]. However, gene expression investigations have demonstrated that the cellular
profiles of various soft tissue sarcoma groups are more similar to differentiated
MSCs than undifferentiated MSCs [16]. Although the various histological grades
and molecular phenotypes of sarcoma cells may be reflective of the stages of MSC
differentiation during which oncogenic transformation occurs [14, 17, 18], histo-
pathological findings suggest that sarcoma development is a more complicated
process that could be better delineated through investigation of micro-RNA signa-
tures [17]. Some findings suggest that perhaps sarcomas do not arise from differ-
entiated MSCs nor directly from their expected precursors [17]. For instance, the
diagnosis of rhabdomyosarcoma relies on the histological detection of rhabdo-
myoblasts and expression of muscle-related biomarkers. Despite showing fea-
tures of skeletal muscle differentiation, rhabdomyosarcomas can develop in sites
where skeletal muscle is absent. An explanation for this phenomenon can be
derived from a study which showed that the activation of sonic-hedgehog signal-
ling in adipocytes could generate embryonic rhabdomyosarcoma [19]. Hence, the
transdifferentiation of mesenchymal progenitor cells is a probable mechanism
through which sarcomas can develop from a variety of cell origins unrelated to
their histologically observed differentiation status. Soft tissue sarcomas of uncer-
tain differentiation commonly contain translocations resulting in fusion genes,
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though the association of these genes with particular cell types is unknown [18].
Owing to the histomorphological basis for the naming of sarcomas and the need
to avoid confusion during interdisciplinary communication, the names of certain
sarcomas are not indicative of their origin and pathobiology. Synovial sarcoma,
for instance, is not associated with synovial joints and has been shown to resemble
malignant peripheral nerve sheath tumours [20]. With regard to sarcomagenesis,
there is a stronger emphasis on studying the histology, molecular signature and
phenotype of the tissue rather than on the concept of histogenesis.

The most common sites of soft tissue sarcoma are deep tissues of the extremities
such as deep fascia and skeletal muscle [4]. However, the head, neck, abdomen,
trunk and retroperitoneum are also frequently affected. In the latest edition of the
WHO Classification, soft tissue sarcomas are divided into 50 subtypes, including
tumours of adipocytic, fibroblastic/myofibroblastic, skeletal muscle, pericytic (peri-
vascular), smooth muscle, so-called fibriohistiocytic, vascular, chondroosseous and
unknown differentiation [6]. These types are further divided into groups according
to cell of origin and whether the tumour falls into benign, intermediate (locally
aggressive), intermediate (rarely metastasising) or malignant categories of biologi-
cal potential. Malignant sarcomas rarely originate from benign soft tissue tumours,
except in the case of neurofibromas which may lead to malignant peripheral nerve
sheath tumours in patients with type 1 neurofibromatosis. Moreover, the metastatic
potential of malignant sarcomas is variable, such as dermatofibrosarcoma protuber-
ans which has a very low frequency of metastasis. Soft tissue sarcomas of interme-
diate malignancy rarely metastasise but are known to have a high degree of
recurrence.

The pathogenesis of soft tissue sarcomas is poorly understood, and their aetiol-
ogy often remains unclear throughout the course of the disease [21]. There is, how-
ever, abundant evidence for the association between various genetic, molecular,
immunological, infectious and environmental risk factors and the development of
sarcomas. Identification of an exact cause of sarcoma is often complicated by
extended periods of latency between time of exposure to risk factors and the devel-
opment of the disease.

2.3  Genetic Predisposition Syndromes

Several inherited genetic syndromes have been linked with the development of
bone and soft tissue sarcomas, primarily in children [22-26] (e.g. Li-Fraumeni
syndrome, osteosarcoma, rhabdomyosarcoma and malignant peripheral nerve
sheath tumours). However, many cases of sarcoma do not appear to be associated
with cancer syndromes. An international genetic study found that 638 of 1162
sarcoma probands had pathogenic germline variants across 72 cancer-related
genes including TP53, ATR, ATM, BRCA2 and ERCC2, and 217 subjects had 227
known or expected variants [27]. It was also found that the cumulative burden of
multiple pathogenic variants in these genes were significantly associated with ear-
lier age of cancer diagnosis. This study also found that among 911 families,
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recognisable genetic cancer syndromes were seen in only 17% [27]. This shows
that a large number of both known and novel oncogenes or tumour suppressor
genes are associated with sarcoma risk.

2.3.1 Li-Fraumeni Syndrome

Increased susceptibility for osteosarcoma, Ewing’s sarcoma and rhabdomyosar-
coma has been discovered in patients with Li-Fraumeni syndrome (LFS), an auto-
somal dominant condition with pathogenic mutations in the TP53 tumour suppressor
gene. Between 25 and 33% of tumours in LFS patients are sarcomas [28, 29], which
tend to arise at a younger age in LFES-affected patients than in patients unaffected by
LFS. Data from the International Agency for Research on Cancer (IARC) database
shows that 96% of sarcomas in LFS patients occur before 50 years of age, compared
with 38% which occur before age 50 in the overall population [30]. Furthermore,
almost 7% of paediatric soft tissue sarcoma patients are postulated to have LFS. A
study of oncological patterns in families of children with soft tissue sarcomas found
that about 33% of 151 families studied had a genetic predisposition syndrome and
over 10% of the families had features consistent with LFS [22].

2.3.2 Retinoblastoma

Mutations in the retinoblastoma (RB) gene are known to predispose to soft tissue
and bony cancers. Inheritance of a mutant copy of the RB gene and retinoblas-
toma of the bilateral type are linked to the development of late-onset osteosar-
coma in patients suffering from retinoblastoma [31, 32]. In a longitudinal study of
1601 patients with RB, of which 963 had the inherited form, the cumulative fre-
quency of a second cancer was 6 times higher for those with the inherited form
versus the non-inherited form of RB. Sarcomas accounted for 60% of the second
cancers [32].

In particular, retinoblastoma patients who receive chemotherapy or radiotherapy
treatment could be at an increased risk of sarcoma development [33]. It has been
reported that in patients with hereditary retinoblastoma who undergo radiotherapy,
leiomyosarcomas are more likely to develop outside the field of radiation, whereas
rhabdomyosarcoma, fibrosarcoma and pleomorphic sarcoma tend to arise within the
radiation field [33-35]. A study which followed up 1601 retinoblastoma survivors
demonstrated a statistically significant increase in the risk of soft tissue sarcomas in
retinoblastoma patients compared to the general population, primarily for leiomyo-
sarcoma which showed a 400-fold increase in risk [35]. Moreover, 78% of the leio-
myosarcoma diagnoses were made over 30 years after the retinoblastoma diagnosis,
which highlights a significant long-term risk of an additional malignancy in this
cohort of patients [35].
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2.3.3 Neurofibromatosis

Type 1 neurofibromatosis (NF1) is caused by mutations in the gene NF1 which
undergoes a “double hit” inactivation phenomenon in which one allele is inactivated
in the germline and the second allele is later knocked out by a somatic mutation,
leading to development of the disease [36]. A large proportion of benign neurofibro-
mas in NF1 may experience oncogenic transformation into malignant peripheral
nerve sheath tumours (MPNSTs), which includes neurofibrosarcomas and malig-
nant schwannomas [37, 38]. Up to 13% of NF1 patients will develop MPNSTs in
their lifetimes [15]. In one study, the risk of this malignant transformation in NF1
patients was calculated to be 4.6% compared to 0.001% in the general popula-
tion [39].

2.3.4 Other Sarcoma-Associated Genetic Syndromes

Patients with familial adenomatous polyposis (FAP), also known as Gardner syn-
drome, have a higher frequency of intra-abdominal desmoid tumours than the gen-
eral population [40]. An increased risk of osteosarcoma has been discovered in
patients with poikiloderma congenitale or Rothmund-Thomson syndrome—an
autosomal recessive condition characterised by skeletal anomalies, short stature and
unique skin changes, such as atrophy, telangiectasias and pigmentation. Other rare
syndromes, such as Gorlin’s syndrome, characterised by mutations in the PTCH1
gene [41, 42], and Costello syndrome which arises due to mutations in the HRAS
gene [43], have been linked with the development of rhabdomyosarcomas.

24 Molecular Alterations in Sarcoma

During the past 25 years, karyotype analysis has been the basis for the molecular
characterisation of sarcoma pathogenesis. In the domain of cytogenetics, the con-
ceptual dichotomy between sarcomas with a simple karyotype and sarcomas with a
complex karyotype has aided our understanding of different molecular aberrations
that occur with respect to the genomic phenotype of the tumours. Sarcomas with
simple genomes commonly exhibit transcriptional dysregulation and abnormal
kinase signalling or epigenetic programming. It is possible to identify sarcomas in
this group with tumour-specific molecular markers due to the presence of recurrent
and predictable genomic rearrangements and activating point mutations. On the
other hand, genomically complex sarcomas have non-recurrent and diverse rear-
rangements and gene amplifications. Therefore, the pathogenetic mechanisms of
sarcoma are better characterised for those with simpler genomes. Transcriptional
deregulation and deregulated signalling represent the two categories of pathobiol-
ogy attributed to sarcomas with simple genomes. Conversely, sarcomas with com-
plex genomes show highly heterogeneous, non-specific molecular alterations which
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promote oncogenesis through variable disruptions in cell biology, such as abnormal
cell cycle regulation or genomic instability [44].

2.4.1 Sarcomas with Simple Karyotypes

Sarcomas with stable genomes generally have diploid karyotypes with a low fre-
quency of mutations. When mutations or copy number variations occur, they do so
in recognisable patterns, leading to tumour progression in a predictable manner.
Mutations and balanced chromosomal rearrangements in known oncogenes and
tumour suppressor genes are characteristic of genomically simple sarcomas. This
group can be divided into five sub-categories according to the observed pattern of
molecular genetic changes. These are (a) tumours with chimeric transcription fac-
tors, (b) tumours with deregulated kinase signalling, (c) tumours driven by oncome-
tabolites and (d) tumours driven by primary epigenetic deregulation [2].

Fusion oncoproteins are often produced via the transcription of fusion genes
which arise from chromosomal translocations in mesenchymal tumours. These
oncoproteins can function as transcription factors that deregulate the expression of
other genes normally involved in cell cycle processes [45]. In Ewing’s sarcoma, for
example, the gene fusions ESWR1-FLI1 (85% of translocations) and ESWR1-ERG
(10% of translocations) are the best-known reciprocal translocations. ESWRI1-ETS
is another Ewing’s sarcoma-related hybrid oncoprotein which has been shown to
abnormally upregulate genes associated with cell proliferation, including PDGF-C,
CCDNI1 and c-MYC, downregulate cyclin-dependent kinase inhibitors, upregulate
hTERT to allow cells to avoid senescence, repress apoptotic genes such as IGFBP-3,
induce angiogenesis via VEGF overexpression and activate matrix metalloproteases
which increases tumour metastatic potential [44]. Similarly, transcriptome sequenc-
ing of epithelioid haemangioma has shown that aberrant fusion of the FOS gene to
various other genes such as ZFP36, resulting in loss of its trans-activation domain
[46]. Epithelioid haemangioma presents as multifocal lesions, similar to epithelioid
haemangioendothelioma, which is a low-grade angiosarcoma in which the WWTR1-
CAMTAL1 fusion gene drives tumorigenesis. In general, angiosarcomas rarely con-
tain translocations. Rather, amplifications of oncogenes such as MYC, FLT4,
PLCG1 and PTPRB are more common in primary and radiation-induced angiosar-
comas [47]. Moreover, 10% of angiosarcomas of the breast contain mutations in
KDR. Most of these genes are associated with increased angiogenesis.

Deregulated kinase signalling may be the main oncogenic driver in many sarco-
mas. Abnormal activation of receptor tyrosine kinases, such as KIT in gastrointesti-
nal stromal tumours (GIST), and PDGFR in dermatofibrosarcoma protuberans are
well-characterised examples of deregulated kinase signalling in sarcomas [48]. This
knowledge has led to the clinically therapeutic pharmacological inhibition of KIT/
PDGFRA in GIST patients. In up to 80% of GIST cases, KIT exhibits gain-of-
function mutations which drive cell proliferation and survival [48]. Three major
pathways are involved in KIT and PDGFRA-mediated tumorigenesis in GIST,
namely, the PI3K/AKT/mTOR pathway, the RAS/RAF/MAPK pathway and the
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JAK/STAT pathway [2]. The first two pathways are critical to GIST tumour prolif-
eration and are further deregulated in advanced stages of this cancer. Although some
KIT/PDGFRA mutations are associated with poor prognosis, the mutations in GIST
provide more useful information regarding response to drug inhibitors than
prognosis.

Epigenetic regulation and gene expression are two cellular functions that are
commonly altered by mutations in metabolic enzymes leading to abnormal meta-
bolic activity which can lead to oncogenic transformation in sarcomas. Approximately
50% of chondrosarcomas and up to 81% of patients with enchondromas show
somatic mutations in isocitrate dehydrogenase [49]. These mutations allow abnor-
mal enzymatic activity, such as the production of D-2-hydroxyglutarate (D2HG)
from alpha ketoglutarate. D2HG, an oncometabolite, deactivates other oxygenase
enzymes like TET2 to lead to DNA hypermethylation, particularly in chondral
tumours [49]. D2HG also increases histone methylation through alternative path-
ways and consequently leads to an unstable epigenetic environment that has been
shown to drive transdifferentiation of cells in bone towards a cartilage phenotype.
Detection of IDH1 and IDH2 mutations can thus help to differentiate chondrosar-
coma from chondroma and chondroblastic osteosarcoma. Mutations in IDH leading
to oncometabolite generation have been reported in 86% of secondary central chon-
drosarcoma, up to 70% of primary central chondrosarcoma, 15% of periosteal chon-
drosarcoma, 54% of de-differentiated chondrosarcoma and up to 87% of
Ollier-associated enchondromas [49]. In high-grade chondrosarcomas, however,
IDH does not appear to be a requirement for ongoing tumour survival and growth
[50, 51].

Some GIST tumours which do not show the characteristic KIT/PDGFRA muta-
tions may contain mutations in one of the genes coding for succinate dehydrogenase
(SDH) or mitochondrial complex II in the electron transport chain [52]. These
mutations are associated with global DNA hypermethylation and are commonly
seen in gastric GISTs affecting younger patients. Mutations in any SDH subunit is
known to cause degradation of the B subunit specifically [52]. Therefore, immuno-
histochemical detection of SDH subunit B acts as a surrogate marker for the identi-
fication of mutations in SDH.

Primary epigenetic deregulation has been cited as one of the most important
mechanistic factors in the development of various sarcomas. Mutations in genes
which normally regulate chromatin structure, such as the SWI/SNF complex, the
Polycomb group and PRC2 complex (involved in malignant peripheral nerve sheath
tumours), are known to exacerbate pre-existing genomic instability in a range of
tumour types [53]. However, epigenetic deregulation is now recognised as an
increasingly common primary driver of oncogenesis in several tumours, for instance,
SMARCA4 inactivation in thoracic sarcomas, SMARCB1 deletions in rhabdoid
tumours [54], H3F3B gene mutations in 95% of chondroblastoma cases and H3F3A
mutations in 92% of giant cell tumours of bone (GCTB) [47]. The latter two tumours
are locally aggressive tumours which are more common in paediatric than adult
populations. Importantly, the abnormalities in epigenetic programming that have
been observed in some studies of sarcoma are thought to occur under the influence
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of chromosomal translocation-mediated hybrid oncoproteins, such as the SS18-
SSX hybrid complex in synovial sarcoma, in which the oncoproteins disrupt the
SWI/SNF chromatin remodelling complex [55]. In combination with immunohisto-
chemical detection of mutant proteins, protein complexes and enzymes, next-
generation sequencing for mutational variant analysis can also inform sarcoma
diagnosis.

2.4.2 Sarcomas with Complex Karyotypes

The majority of sarcomas show diverse, non-specific genetic modifications on a
background of highly complex genomes. These tumours are characterised by a high
histological grade, cytological pleomorphism and variable differentiation signa-
tures. With the exception of osteosarcomas and some radiation-induced sarcomas,
which are more prevalent in children and adolescents than adults, most sarcomas
with complex genomes occur more frequently in the older population [56]. High-
grade myxofibrosarcoma, high-grade leiomyosarcoma, pleomorphic and undiffer-
entiated liposarcoma, angiosarcoma and undifferentiated pleomorphic sarcoma are
examples of tumours known to have complex genomes [2]. These sarcomas have a
greater prevalence of gene copy number variations as opposed to single nucleotide
polymorphisms [2]. Due to the high level of molecular heterogeneity in all sarcomas
within this group, few tumour-specific markers are available for diagnostic use.
Some of the postulated mechanisms of pathogenesis in genomically complex sarco-
mas include alterations in TP53 signalling, abnormal telomeric extension due to
enzymatic modifications and inactivation of ATRX (a chromatin remodelling pro-
tein) and mutations in the Rb/E2F cell cycle regulatory pathway, which can engen-
der unregulated cell proliferation and survival [2, 57].

Despite the difficulty in molecular characterisation of sarcomas containing com-
plex unbalanced genotypes, a pattern in copy number alterations has been estab-
lished in well-differentiated/de-differentiated liposarcoma (WD/DDLPS), which
shows characteristic linear or ring-like neochromosomes formed from the accumu-
lation of DNA from distinct parts of the genome [58]. Some of the genes contained
within these neochromosomes include the CDK4 and MDM?2 genes on chromo-
some 12, which are involved in progression of the cell cycle and repression of TP53,
respectively [2]. Findings from research into the evolution of neochromosomes
illustrate that the creation of these neochromosomes is a result of a series of intra-
nuclear events involving the fragmentation, circularisation, amplification and lin-
earisation of chromosome 12-derived genetic material [58]. Since the amplification
of MDM2 and CDK4 is a recurrent feature of this disease, the abnormally excessive
genetic and transcriptional products may be detected by fluorescence in situ hybrid-
isation (FISH), immunohistochemistry or next-generation sequencing and therefore
serve as diagnostic markers for WD/DDLPS.
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Osteosarcoma is the most common primary high-grade tumour in humans,
occurring predominantly in children and adolescents [59]. It is characterised by a
high degree of genomic instability due to the presence of numerous chromosomal
rearrangements, gene amplifications, mutations and deletions, the complexity of
which contributes to the difficulty in the identification of genetic and molecular
markers for this condition. However, molecular alterations in the RB and TP53
gene pathways (22% of osteosarcoma cases) are known to be common in high-
grade bone cancers such as osteosarcoma [60]. At present, two cellular events are
postulated to play a role in osteosarcoma pathogenesis. The first is chromothrip-
sis, which describes the aberrant fragmentation and disordered assembly of chro-
mosomes [61]. The second event is kataegis, which refers to a hypermutated area
of the genome, and is observed in approximately half of all osteosarcoma cases
[62]. These two phenomena may lead to the formation of osteosarcoma-associ-
ated onco-antigens, the detection of which could predict responses to cancer
immunotherapy. Currently, high-grade sarcomas with complex genomes lack spe-
cific, recurrent molecular markers which can guide the management of these can-

cers (Table 2.2).

Table 2.2 Features of sarcomas containing simple karyotypes vs. complex karyotypes

Sarcomas with

Features Sarcomas with simple karyotypes complex karyotypes

Karyotype Simple, balanced Complex, unbalanced
High degree of
genomic instability

Morphology Relatively monomorphic Pleomorphic,
high-grade

Mutational rate Low High

Auvailability of Clinically useful diagnostic markers (detectable | Very limited

molecular markers
for diagnostic

using FISH, RT-PCR, NGS,
immunohistochemistry)

purposes
Common Most molecular alterations are well Loss of tumour

molecular/genetic | characterised, e.g. chimeric transcription suppressor genes
alterations factors, deregulated kinase signalling, (especially TP53)

oncometabolite formation and epigenetic
deregulation

Clinical behaviour

Heterogeneous

Heterogeneous

Response to
therapy

Clinically effective targeted therapies against
deregulated kinases

No effective therapy against hybrid
transcription factors or aberrant epigenetic
modifications

No targeted therapy
Some respond to
conventional
chemotherapy and
radiation therapy

FISH fluorescence in situ hybridisation, RT-PCR reverse transcriptase-polymerase chain reaction,
NGS next-generation sequencing
Table was adapted from information summarised by Marifo-Enriquez et al. [2]
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2.5 Infectious Risk Factors

Although the role of infectious agents in the development of sarcomas is not
well understood, there is strong evidence for the association of certain viral
infections with sarcoma pathogenesis [1]. In the context of a weakened immune
system due to immunodeficiency syndromes, HIV infection or exposure to
immunosuppressive pharmacotherapy following transplantation, human herpes-
virus 8 and Epstein-Barr virus are known to cause Kaposi sarcoma [63] and a
group of leiomyosarcomas, respectively [64]. There is insufficient evidence to
support the role of oncogenic viruses in sarcomagenesis in the absence of
immunosuppression.

2.6 Immunological Risk Factors

A weak immune system is unable to initiate and sustain strong innate or adaptive
immune responses against tumour cell growth, malignant transformation, prolifera-
tion and invasion. As discussed previously, immunosuppressive medications as well
as acquired and congenital immunodeficiency syndromes increase the risk of viral-
mediated sarcoma pathogenesis, possibly by limiting the numbers of natural killer
cells and T-cells involved in the destruction of nascent tumour cells. However, the
underlying mechanism connecting immune deficiency to diverse cancer types
remains to be fully uncovered. It has been suggested that acquired regional immu-
nodeficiency in combination with chronic lymphedema, secondary to radical mas-
tectomy (Stewart-Treves syndrome) or infectious conditions, may effect the
development of rare angiosarcomas [65, 66].

2.7 Environmental Risk Factors

Several environmental risk factors are implicated in the development of sarcoma.
These primarily include exposure to radiation, chemicals and a history of trauma.

2.7.1 Radiation Exposure

In the 1920s, published reports cited the increased prevalence of sarcomas in work-
ers manufacturing radium watch dials. Over the last few decades, there has been
increasing evidence for the increased risk of sarcoma in patients undergoing radio-
therapy treatment for lymphoma, testicular cancer, ovarian cancer, breast cancer,
lung cancer and other cancers. Although previous estimates suggested that approxi-
mately 0.5-5.5% of sarcomas are due to radiation [67], larger longitudinal popula-
tion studies in patients who have undergone radiation therapy have demonstrated a
lower frequency of sarcomas in this group, with an incidence of 0.8% at the most. A
Swedish study of 122,991 breast cancer patients who received radiotherapy showed
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that breast cancer patients had at least a 0.13% risk of developing sarcoma at
10 years following radiation exposure [68].

In order to identify the cause of sarcoma as being due to radiation, several criteria
must be met. These include documentation proving the development of sarcoma
within the irradiated field, confirmation of sarcoma diagnosis by histology, a mini-
mum 3-year period of latency between radiation exposure and sarcoma develop-
ment and evidence that the region in which the sarcoma arose was unaffected prior
to radiotherapy [69]. Post-radiation sarcomas typically arise in the margins of the
field of radiation, however, which suggests that the mutagenic impact of radiation is
highest at the periphery due to scatter radiation [70]. The vast majority of radiation-
induced sarcomas develop in adult women, which is reflective of the high preva-
lence of female patients receiving radiotherapy for breast and gynaecological
cancers. A clear dose-dependent correlation exists between the radiation dose and
sarcoma incidence, with a high risk reported for individuals exposed to more than
5000 cGy and a negligible risk for those exposed to less than 10 Gy [71].

Radiation-induced sarcomas are known to be high grade and locally aggressive.
A study of 160 post-radiation sarcomas at the Memorial Sloan-Kettering Cancer
Center revealed that 87% of the tumours were high grade and the most common
sarcoma subtype in this category was extraskeletal osteosarcoma with a prevalence
of 21%, followed by malignant fibrous histiocytoma (16%) and angiosarcoma or
lymphangiosarcoma (15%) [72]. Among the radiation-induced soft tissue sarcomas,
70% are undifferentiated pleomorphic sarcomas [1]. Since most post-radiation sar-
comas are already very high grade at the time of detection, they are associated with
a poor survival rate. The highest survival rate in this group is seen in patients who
develop post-radiation sarcomas of the extremities (30% survival at 5 years), and
the lowest rate is observed in patients with sarcomas in the vertebral column, pelvis
and shoulder girdle (less than 5% survival at 5 years) [1, 73].

2.7.2 Chemical Exposure

Sarcomas have been associated with exposure to a range of different chemicals.
Polyvinylchloride, use of thorotrast during carotid angiography (between 1930 and
1955) and inorganic arsenic and androgenic anabolic steroid medications have all
been linked with the development of hepatic angiosarcoma (HAS) [74]. It is pre-
sumed that thorium dioxide, the main component of thorotrast solution, is seques-
tered by Kupffer cells of the liver, causing radiation injury to hepatic tissue, which
leads to a range of hepatic malignancies. Moreover, chlorophenols, dioxin and
phenoxyacetic herbicides have also been associated with sarcoma pathogenesis [75,
76]. German autopsy investigations from the 1940s and 1950s showed an increased
incidence of liver disease, including HAS, due to the consumption of potassium
arsenite and arsenic-contaminated water [74]. Despite a study by Leiss and Savitz
which suggested a link between phenoxyacetic acid pesticides and soft tissue sarco-
mas in paediatric patients, additional investigations did not support this claim [77].
Nevertheless, studies in at least four countries including Sweden, Italy, the United
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Kingdom and New Zealand provided strong evidence to conclude that the risk of
soft tissue sarcomas in patients exposed to phenoxyacetic acid and chlorophenols in
agricultural settings is about six times higher than the general population [78-80].
In certain animal models, benzene and o-nitrotoluene have also been shown to pro-
mote sarcomagenesis [81].

2.7.3 Trauma Exposure

Trauma has been cited as a rare causal factor in the development of soft tissue sar-
comas in scar tissue secondary to surgery, fracture wounds, thermal and acid burns
and implantation of metal or plastic prostheses following a long period of latency of
at least several years [82]. Although soft tissue sarcomas are uncommonly detected
during abdominal imaging following a history of abdominal trauma or pain, the vast
majority of these tumours are asymptomatic. Furthermore, the connection between
trauma and sarcoma appears to be more coincidental than aetiological in nature due
to the liberal use of abdominal imaging in trauma patients.
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3.1 Plain Radiography

Radiographs are often one of the initial radiological investigations for tumour imag-
ing. They are easily accessible and inexpensive and with minimal radiation expo-
sure. They are well tolerated by patients and quick to perform so that motion artefact
is minimised. Large soft tissue masses as well as smaller bone lesions are identifi-
able and whether there is any associated fat or mineralisation such as ossification or
calcification. Complications including pathological fracture, bone destruction and
new bone formation can also be observed.

Aggressive appearances include a hair-on-end or sunburst pattern, lamellation
with a Codman’s triangle and bone destruction, particularly over a short duration [1]
although these can also be seen with non-tumour processes such as infection and
trauma (Fig. 3.1a,b). More benign appearances include gradual and thick periosteal
reaction and bone remodelling without destruction, as well as a clearly defined, nar-
row zone of transition [2]. Several views are desirable to better localise a lesion and
help plan further cross-sectional imaging. Plain radiographs are also a mainstay of
post-operative follow-up to assess bone union and graft integration as well as hard-
ware positioning given they are minimally susceptible to metalware artefact.

3.2 Ultrasound

Ultrasound (US) is an easily accessible and non-invasive imaging modality that is
frequently employed for initial investigations of palpable tumours. Its main uses are
to confirm the presence of a mass and assess location, size and depth. It can demon-
strate if a mass is cystic or solid and proximity to a joint. It has no established role
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Fig. 3.1 (a) Anteroposterior and (b) lateral plain radiographs of the left femur in a 19-year-old
male with a lamellated or onion-skin appearance of a distal left thigh Ewing’s sarcoma. Note the
large associated soft tissue mass with rim-mineralisation proximally and a Codman’s triangle of
aggressive periosteal reaction on the lateral view

in assessment of bone tumours [3]. It has a low specificity for characterising the
nature of solid tumours [4, 5]. Sensitivity, specificity and accuracy can be improved
in detection of soft tissue sarcoma and distinguishing between aggressive and
benign lesions on ultrasound based on pattern of echotexture and vascularity [6].

Large tumours with internal heterogeneity that induce a mass effect and are
located deep to the deep fascia raise suspicions of neoplasia on ultrasound examina-
tion. Vascularity of the lesion is reported as both useful and not useful in the litera-
ture and thus cannot be relied upon alone as a predictor of malignancy. Power and
colour Doppler are used to determine the amount and pattern of vascularity of the
mass. High-grade malignancies are often associated with increased peripheral flow
due to angio-neo-genesis and also manifest central avascular areas due to necrosis
[4]. In some cases, colour Doppler can also be employed to characterise the change
in neovascularisation following adjuvant or neoadjuvant therapies although this
tends to be the domain of functional imaging in most sarcoma centres.

Ultrasound can be used for image-guided fine needle or core biopsy of soft tissue
masses, especially for superficial, small or precariously located masses where
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Fig.3.2 Clear
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real-time imaging can be beneficial. Sampling that is clear of necrotic or haemor-
rhagic areas of the mass is preferred for histologic and other microscopic examina-
tions. US can provide a high yield of tissue, representative of the mass (Fig. 3.2).
Ultrasound also has a troubleshooting role in local tumour recurrence detection,
especially when MRI is not suitable or degraded by artefact from metallic surgical
hardware in prior reconstructive interventions.

Three-dimensional (3D) ultrasonography is a more sophisticated mode of ultra-
sonography which can enhance scanning planes providing spatially oriented and
standardised views, previously not possible with ultrasound. This modality enables
finer anatomical detail through multiplayer views, thus reducing operator depen-
dence and allowing more consistent and reliable surveillance scans. This enhanced
capability is likely to see greater adoption in soft tissue sarcoma work-up and man-
agement [4].

In current practice, if a soft tissue mass is a suspected malignancy, cross-sectional
imaging by MRI, or at least CT if MRI is unavailable or contraindicated, should be
performed prior to biopsy to allow local assessment and staging. This permits more
accurate assessment using images not altered by intervention. It should be noted
that soft tissue compartmental anatomy is better assessed on cross-sectional imag-
ing, thereby permitting biopsy planning so other compartments are not unintention-
ally breached and contaminated.

3.3 Computed Tomography

Computed tomography (CT) is the most effective and accurate modality for evaluat-
ing osseous architecture. It also enables visualisation of anatomic structures in mul-
tiple planes. CT permits assessment of features such as cortical breakthrough and
remodelling, periosteal reaction, bone lesion matrix, endosteal scalloping and path-
ological fracture. Subtle areas of mineralisation, extraosseous soft tissue extension
or soft tissue gas can also be identified, features that are sometimes not as apparent
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on MRI. Artefacts can also be minimised in patients with metallic hardware from
prior reconstructive surgery. Some soft tissue lesions can also be diagnosed depend-
ing on their tissue composition, i.e. fatty or cystic lesions. With the advent of multi-
detector CT, CT angiography can readily and accurately demonstrate the vascular
anatomy [4]. However, it is limited in the differentiation of subtle soft tissue
differences.

CT is sensitive to calcification, both in bone and soft tissue lesions. If calcifica-
tion is faintly evident on the initial plain film, CT may be more useful than MR in
the characterisation of this and permit a more specific differential diagnosis. For
example, the pattern of ossification in myositis ossificans is very different to the
dystrophic calcification seen in some synovial sarcomas which is different to the
osteoid matrix in osteosarcoma and the chondroid calcification that occurs in carti-
lage tumours.

Whilst MRI remains the mainstay for local staging of bone and soft tissue
lesions, CT can be used for local staging if MRI is unavailable or contraindicated.
CT is also currently the preferred modality for staging the chest to exclude pulmo-
nary metastatic disease.

The rapid acquisition of images and its accuracy as a targeting mechanism makes
CT an important enabler of techniques such as percutaneous aspiration and biopsy.
Modern CT algorithms are now also being utilised to facilitate robot-assisted needle
insertion where accuracy and safety are paramount [4].

3.4 Magnetic Resonance Imaging

MRI is an imaging technique which uses a magnetic field gradient to assess water
and fat content of tissues and does not involve radiation. No single MRI sequence is
adequate to assess a potential tumour, and scan protocols can vary in the time
required to obtain depending on field of view, anatomy to be covered, clinical ques-
tion and patient comfort. Most tumour scan protocols require a 30-40-min study,
but some can be over an hour, particularly in cases of extensive tumour growth and
intricate anatomy involvement. General principles of tumour assessment include
imaging that is T1-weighted to best depict anatomy and compartments and
T2-weighted with fat saturation to highlight pathology such as most tumours
(Fig. 3.3), and post-contrast imaging is usually T1-weighted and performed also
with fat saturation. In the setting of extensive metalware which distorts the magnetic
field, fat saturation may not be applied in order to minimise the degrading effects of
susceptibility artefact. In such cases, T1 pre- and post-contrast images need to be
carefully compared to assess for contrast enhancement that may otherwise be
obscured by adjacent bright T1 signal from fat or marrow.

Excellent contrast between soft tissues and bone can be achieved in order to
assess anatomic compartments involved by a tumour, vessels and organs effaced or
infiltrated, as well as surrounding abnormal signal which can suggest tumour spread,
a biopsy tract or post-treatment changes. Additional ‘skip’ lesions within the bone,
intra-/extraosseous extension and metastatic lymph nodes can also be evaluated.
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Fig. 3.3 Pelvis to
below-knee MRI STIR
(short-tau inversion
recovery) image was
performed for work-up of a
left distal femur lesion in a
59-year-old female.
Metastatic lesions are
demonstrated of the
mid-right femur and left
ilium with large soft tissue
component. Right
trochanteric bursitis
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The administration of a gadolinium contrast agent can improve lesion conspicu-
ity, better demonstrate a ‘tail’ and tumour extension as well as evaluate post-
treatment response such as necrosis, haemorrhage, recurrence or granulation [7].
More newly developed sequences can also provide further lesion information
including diffusion-weighted imaging (DWI) [8] which demonstrates ‘restriction’
(high signal on DWI, low on apparent diffusion coefficient or ADC) in highly cel-
lular lesions such as high-grade sarcoma and lymphoma, perfusion for blood flow
[9, 10] in cases of tumour vs. oedema or granulation, use of chemical shift artefact
[8] in fat-containing lesions where signal ‘drop’ occurs in out-of-phase images
when compared to the T1-weighted in-phase images and less commonly MR spec-
troscopy [4] (MRS) to evaluate the presence of metabolites, particularly a choline
peak in malignant tumours, although relatively non-specific.

3.5 Image Fusion

Image fusion is the process where a single image dataset is obtained from matching
two or more image datasets. Image fusion is of use in sarcoma management as CT
allows more detailed assessment of bone tumours, whilst MRI is the modality of
choice for soft tissue assessment. Image fusion of both of these modalities permits
the best of both of these modalities. Briefly, the process involves source images from
two or more modalities which are segmented. An algorithm for fusion is performed,
and the output images are obtained and taken as input for segmentation again to iso-
late the tumour alone from input images. This process occurs under the influence of
various algorithms until the fused output image of both datasets (or modalities) is
produced. There is already widespread use of image fusion via '*F 2-fluoro-2-deoxy-
D-glucose (¥F-FDG) positron emission tomography-computed tomography
(PET-CT) with newer applications combining "*F-FDG PET with MRI [11].

3.6 The Role of Pre-biopsy Imaging

Imaging before any intervention, including open or percutaneous biopsy, is essen-
tial for planning and prognostication, as well as to help inform the patient regarding
possible diagnoses and treatment pathways. An assessment of intact soft tissue
planes and structures can allow the procedure to be performed with minimal ‘foot-
print’, involving as few anatomical compartments as possible and be recorded (e.g.
on a picture archiving and communication system (PACS)) for consideration in
future treatment planning, including surgical resection [12]. Other than common
initial investigations such as plain radiography and ultrasound, cross-sectional
imaging techniques such as computed tomography (CT) and MRI better delineate
anatomic compartments, tissue planes, neurovascular structures and the bone/soft
tissue interface. Viable and more accessible portions of a tumour can also be accu-
rately targeted to assist improving the outcomes of pre-treatment biochemical and
molecular studies.
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Fig. 3.4 Pre-biopsy MRI of the left foot in a 34-year-old male with inadequate excision (positive
margins) of dermatofibrosarcoma protuberans (DFSP) at the lateral aspect. Coronal fat-saturated
T1 post-contrast-enhanced images demonstrate haematoma overlying the lateral cuboid within the
subcutaneous tissues, and there is an extensive contrast enhancement adjacent extending deep into
the extensor musculature and along the superficial surface of the cuboid bone. It is unknown
whether the original tumour was confined to the subcutaneous tissues and/or if the deep enhance-
ment within muscle and on the bone is a result of inadvertent surgical exploration. This makes
biopsy of a target lesion very difficult, and the subsequent management even more so

It is essential the pre-intervention anatomy and pathology are clearly identified,
a task made more difficult in the setting of prior intervention, biopsy or surgery,
which may be inadequate in cases of incomplete imaging evaluation [13] and can
lead to compromise of future treatment due to inadvertent compartment contamina-
tion or alteration of anatomy (Fig. 3.4). Fascial disruptions, abnormal MRI signal in
an anatomical compartment, seromas and surgical incision scars can all be observed
on post-procedural imaging and must be taken into account when considering sites
of likely residual or recurrent disease, as well as subsequent definitive treatment.

3.7 Image-Guided Biopsy: Technique
3.7.1 Approach: Broad Principles
Image-guided needle biopsy is now central to the staging and management plan of

patients with solid tumours. The radiologist and the orthopaedic oncologic surgeon
should take a team approach to percutaneous needle biopsy, especially when the



36 M. J. Pianta and W. R. Perera

lesion might be a primary sarcoma for which limb-sparing surgery would be consid-
ered. Image-guided needle biopsy has shown comparability with open biopsy for
diagnosing musculoskeletal tumours, and the burden of complications and costs has
also been shown to be lower [14].

The approach for needle biopsy is important because of the risk of local recur-
rence from tumour seeding along the biopsy track after core needle biopsy. In this
regard, first principles require that the biopsy track be placed along the line of the
planned incision to permit inclusion with the resection specimen [14].

Berger-Richardson et al. [16] note that there is a paucity of good-quality evidence
regarding the incidence of needle track seeding of sarcoma. They estimated the inci-
dence of needle track seeding at less than 1% for percutaneous biopsy of sarcoma
located in the extremity, peritoneal cavity and retroperitoneum and most likely less
in the modern era and use of coaxial biopsy needle kits. Nevertheless, they recom-
mend needle biopsy trajectory should be carefully considered when planning percu-
taneous biopsy and the approach discussed with the treating surgical team.

3.8 BoneBiopsy

The lesion is viewed on all available imaging modalities often comprising of X-ray,
CT, functional imaging and MRI. Based on this assessment, the most active part of
the lesion (area of most functional tracer uptake or intravenous contrast enhance-
ment) is selected for biopsy with the biopsy entry site and track trajectory aligning
with the plane of the incision for potential surgery. Important adjacent structures
such as neurovascular bundles are identified as well as compartmental boundaries to
avoid unnecessary or accidental contamination. These are often best appreciated on
MRI. CT is able to clearly delineate tumour invasion into the bone, thereby making
it an excellent modality for demonstrating permeation, erosive changes and matrix
calcification. Destructive bony lesions can be assessed for cortical thinning or
destruction to allow ease of biopsy entry point; however the entry point for biopsy
must still adhere to the surgical approach for limb-sparing surgical procedures [14].

Our bony lesion biopsies are performed under CT guidance given it is faster and
more easily accessible than MRI and requires no specialised biopsy equipment. The
patient’s clinical data is optimised including coagulation profile and informed con-
sent obtained. Risks discussed with the patient include but are not limited to infec-
tion, haemorrhage, neuropraxia and repeat biopsy [15]. Correct patient positioning
for CT guidance is crucial for optimising the approach to the lesion, ensuring patient
and interventionist comfort and confirming the trajectory point of the biopsy instru-
ment [16]. Strict sterile technique, conscious sedation and local anaesthetic infiltra-
tion are employed to maximise comfort and care in relation to the procedure.
Occasionally, general anaesthesia may be required, and this should be undertaken
electively, for patients who have needle or claustrophobia, or who are intolerant or
not responsive to narcotic or conscious sedation. Usual post-procedure precautions
are observed, including observing the patient for at least 1 hour after the procedure.

We employ a coaxial technique for sampling multiple cores through a single
puncture site in practically all bone lesion biopsies, which allows sampling with
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reduced exposure to radiation. In our institution, there are two biopsy needles that
are used. For sampling osseous and chondroid lesions, we used the Bonopty Bone
Biopsy System (AprioMed, Sweden) which employs a 14G penetration needle and
15G biopsy needle, whilst for dense osseous lesions, we use the Arrow OnControl
Powered Bone Lesion Biopsy System (Teleflex, USA) which provides either a 10 or
11G access coaxial with 12 or 13G biopsy needle. To prevent slippage when drill-
ing, an orthogonal approach to the plane of the cortex is planned. Once the coaxial
needle is positioned against the lesion, the obturator is exchanged for the biopsy
needle which is used to sample a core of the tumour (Fig. 3.5). Spring-loaded cut-
ting needles are effective and efficient for sampling soft tissue components, and
these may also be passed through the coaxial needle system manually (Fig. 3.6) [15].

Fig.3.5 Axial CT image
with bone algorithm shows
a bone biopsy, coaxial
technique in the distal
humerus. The smaller
central needle can
repeatedly access the bone
for several samples, and a
small gauge soft tissue
biopsy needle can also be
used when the lesion is
particularly soft/fluid

Fig.3.6 Axial CT image
in a case of sacral giant
cell tumour of bone. Given
the extensive bone
replacement by soft tissue,
a soft tissue needle was
used to obtain an

adequate sample
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3.9 SoftTissue Biopsy

The principles for image-guided biopsy of bone and soft tissue tumours are similar.
In both cases the surgical approach aims to limit compartmental involvement. Thus,
the biopsy track is positioned in a manner that allows its easy inclusion with the
resected specimen. As always, the biopsy plane is discussed with the surgical team
prior to the intervention to avoid inadvertent contamination of uninvolved compart-
ments or vital structures [14].

We use of combination of CT and ultrasound as modalities of choice for soft tis-
sue lesion biopsy. The technique under CT guidance is similar for bone lesions
although the coaxial system employed is different as no bone penetration needle set
is required.

Ultrasound offers real-time and multiplanar imaging, is cheap and readily
available and is free from ionising radiation. Whilst operator dependent, the high
spatial and contrast resolutions allow easier targeting of most but particularly
small lesions that may be difficult to appreciate on non-contrast CT scans. The
dynamic nature of this modality enables real-time visualisation and confirmation
of the needle position to optimise safety and efficacy of the biopsy procedure [15].
Complications are the same as for CT-guided procedures, such as bleeding, infec-
tion and neuropraxia.

The procedure is done under local anaesthetic with sedation reserved for those
lesions with clinical symptoms suggestive of nerve sheath tumours. Strict sterile
conditions are again employed by the use of a sterile sheath overlying the probe and
cord. Sterile gel may be placed within the sheath or on the biopsy site after sterile
preparation. In our institution, we employ an 18-gauge needle core biopsy cutting
needle with a coaxial system previously described (Fig. 3.7). For fatty or larger
lesions, we use a 14-gauge needle to ensure an adequate specimen is obtained.
Length and throw of the needle is selected based on the tumour location, size and
depth. Typically, a 22-mm throw is employed; however sometimes a 15-mm throw
is used when the lesion size is small and it’s located adjacent to critical structures,
i.e. neurovascular bundles.

The shortest biopsy path from the skin to the lesion is chosen when planning the
biopsy trajectory. Local anaesthetic is infiltrated along the trajectory path under
ultrasound guidance, and after a small skin incision, the coaxial needle is passed
along the same longitudinal plane as the ultrasound transducer to allow visualisa-
tion of the coaxial needle. The biopsy needle is then inserted through the coaxial,
and multiple core samples are taken under direct, real-time vision.

As with the CT-guided procedures, samples are sent to histopathology in 10%
formalin or in normal saline for microscopy or flow cytometry depending on the
differential diagnoses formulated pre biopsy. After the core biopsy has been per-
formed, an ultrasound of the vicinity to rapidly identify any complications such as
a hematoma is done. The patient is kept for observation, usually for 30 min and
however up to an hour if conscious sedation is employed.
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Fig.3.7 Set up trolley with the range of equipment that can be used for biopsy, including battery-
powered bone drill with sterile cover, coaxial and biopsy needles, spring-loaded soft tissue biopsy
needle and coaxial, sterile and formalin specimen pots, kidney dish for sharps and drapes/gauze

3.10 Increasing Role of Interventional Radiology

Interventional radiology (IR) uses minimally invasive techniques to assist in preop-
erative lesion embolisation and diagnosis particularly of vascular lesions and mal-
formations. Newer techniques are being employed for definitive lesion treatments
whilst preserving organ function and in the management of pain, particularly in
oligometastatic disease and to improve quality of life and prolong relapse intervals
[17]. The IR team comprises a crucial and expanding role in multidisciplinary team
discussions and tumour management.

Embolisation of soft tissue lesions such as vascular malformations, aneurysmal
and simple bone cysts amongst other tumours can be performed definitively or as a
preoperative measure [18]. Embolising agents are available with increasing efficacy
and reduced side effects including sclerosants such as sodium tetradecyl sulphate
foam, ethanol, polyvinyl alcohol particles, cyanoacrylate glue and intravascular
coils, as well as chemotherapeutic agents. Cementoplasty can be performed to
ablate a bone lesion such as metastasis to reduce pain [19] and restore an underlying
supportive structure to avoid pathological fracture and without the resource require-
ments of an operating theatre (Fig. 3.8a, b). Ablation of lung metastases can also be
performed repeatedly and with minimal morbidity.

Radiofrequency ablation can be efficaciously performed of osteoid osteomas,
and alternate ablation techniques have also showed efficacy for other lesions includ-
ing irreversible electroporation, microwave ablation and cryoablation [20].
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Fig. 3.8 Axial CT imaging demonstrates pre (a) and post (b) radiofrequency ablation and cemen-
toplasty of a left acetabular renal cell carcinoma metastasis with pathological fracture and severe
pain. Prior to the ablation, 5% dextrose solution with iodinated contrast was injected medial to the
hip to displace the pelvic organs including bladder, and neurovascular structures, as well as into the
hip joint for thermal insulation. Anterior approach has been used to access the lesion with a coaxial
needle, through which an ablation probe was passed. Subsequently, bone cement (polymethyl
methacrylate, PMMA) was injected for structural support

3.11 Artificial Intelligence

The requirement for continually increasing computing power in order to analyse
imaging data and perform complex mathematical functions to generate images has
led to early adoption of artificial intelligence (AI) and deep learning in radiology.
Computer-aided diagnosis is becoming increasingly feasible, and complex algo-
rithms are already being commonly used to improve imaging quality [20] by reduc-
ing artefacts and assisting in imaging analysis. Tumour volume analysis can aid in
post-treatment response evaluation, whilst neurovascular mapping and organ seg-
mentation can better clarify structures involved by tumour. Radiographic tumour
appearances can also be matched to tumour biology, expected prognosis and treat-
ment response [21]. Automation of and assistance with optimisation of workflows
and flagging studies for the more immediate attention of radiologists and other cli-
nicians can be achieved by incorporating factors such as increased tumour growth,
presence of a skip lesion or metastatic disease and other unexpected findings.
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Nuclear Medicine and Molecular 4
Imaging Techniques

Stephen M. Schlicht

Whilst anatomic techniques particularly CT and MRI form the mainstay in the eval-
uation, diagnosis and staging of musculoskeletal tumours, nuclear medicine/molec-
ular imaging techniques provide unique metabolic and functional information
complementary to structural imaging [1].

Bone and soft tissue tumours display a number of specific pathophysiological
attributes including altered vascularity, osseous and cartilaginous matrix formation
and altered metabolism allowing particular nuclear medicine techniques to uniquely
highlight and characterise this altered tissue physiology.

4.1 Bone Scans

Bone scintigraphy using the most commonly used tracer technetium-99m (Tc-99m)
methylene diphosphonate (MDP) is extremely sensitive in the detection of increased
bone turnover and therefore is most useful in tumours characterised by increased
osteoblastic activity. SPECT/CT hybrid techniques combine and co-register the
metabolic imaging features with diagnostic CT allowing precise anatomic localisa-
tion and lesion characterisation whilst allowing whole-body assessment without
increase in radiation dose.

Osteogenic sarcoma the most common primary malignant bone tumour typically
demonstrates intense osteoblastic activity due to the formation of malignant osteoid
and bone scintigraphy, for assessment of the primary lesion, presence of skip lesions
and distant metastases, remains an important contributory staging modality (Fig. 4.1a,
b). Osteosarcomatous distant metastases typically demonstrate increased bone tracer
uptake and therefore maybe detected on whole-body views (Fig. 4.1b, c) [2].
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Fig.4.1 (a) Plain X-ray demonstrating changes typical of osteogenic sarcoma of the right femur.
(b) Delayed whole bone scan showing the tumour extending to involve the proximal right femur
with uptake involving the right chest consistent with an osteogenic metastasis. (¢) Axial CT slice
of the chest confirming intra-parenchymal lung metastasis

Whilst highly sensitive, Tc-99m MDP suffers from very low specificity—Iess
than 10% for the presence of malignant osteoid—and therefore will show increased
accumulation in benign bone lesions and processes demonstrating increased bone
turnover. These include osteoid osteoma, benign chondroid lesions and metabolic
and degenerative conditions emphasising the need for correlation with structural
imaging techniques including plain X-rays, CT and MRI.

Bone scintigraphy demonstrates reduced sensitivity in the detection of purely
Iytic lesions particularly in multiple myeloma though such destructive lesions may
show increased marginal activity at the tumour/tissue interface (Fig. 4.2a—d).

4.2 Metaboliclmaging
4.2.1 Thallium-201 Scintigraphy
T1-201 is a monovalent potassium analogue which is actively transported into

tumour cells via the Na/K ATPase pump. Musculoskeletal tumours generally accu-
mulate TL-201 according to their tumour grade and perfusion [3]. Thus the use of
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Fig. 4.2 (a) Middle aged patient with an expansile lytic lesion involving the right inferior pubic
ramus and ischium. (b) Axial contrast-enhanced T1 MRI image showing marked enhanced and
loss of the cortical margins in keeping with an aggressive lesion. (¢) Immediate limited dynamic
and blood pool images following injection of Tc-99m MDP showing increased vascularity and
blood pool activity of the lesion. (d) Delayed whole-body views demonstrate only very subtle
asymmetry of the right inferior pubic ramus and ischium typical of multiple myeloma. Focal
uptake involving the posterior left fifth rib corresponds to a fracture

thallium scintigraphy in helping to differentiate benign from malignant lesions par-
ticularly where structural imaging maybe indeterminate can be very useful
(Fig. 4.3a—¢) [4].

Early and delayed planar images are obtained with delayed SPECT/CT images
acquired of the tumour. The early images reflect tumour/lesion vascularity, and
delayed images show tumour grade and viability depending on the amount of tracer
retention and or washout of tracer (Fig. 4.4a—e). Caluser and colleagues in a study
of 37 patients with sarcoma showed that when the lesion to normal tissue ratio of T1
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201 of the blood pool images exceeded lesion to normal tissue in the early blood
pool images of a bone scan, this was 100% specific for sarcoma [5].

However it should be noted that TL-201 scans maybe positive in a number of
histologically proven benign lesions particularly PVNS, fibromatosis and desmoid
tumours, giant cell tumour of bone and granulomatous disease such as sarcoidosis
and tuberculosis (Fig. 4.5a—c). Conversely false-negative scans maybe seen in pre-
dominately myxoid malignant lesions (Fig. 4.6a—e).

Other applications include identifying the most metabolically active part of the
tumour prior to image-guided biopsy and assessing post-treatment responses.
Sarcomas by their nature tend to demonstrate significant cellular heterogeneity with
varied areas of viable tumour and necrosis. Delayed SPECT/CT images can pre-
cisely identify the most metabolically active parts of the tumour to give the correct
histologic grade and show the areas of necrosis or cystic change which need to be
avoided. The CT-guided biopsy images can be referenced directly to the SPECT/CT
to ensure adequate and representative tissue samples to most accurately diagnose
and grade the tumour [6].

Fig. 4.3 (a) Post-contrast T1 coronal view of the left fifth metacarpal of an 18-year-old female
showing enhancement of the bone and peri-lesional oedema thought to be most consistent with
osteoblastoma on subsequent percutaneous biopsy. (b) Early planar T1-201 images at 30 min show-
ing intense uptake within the left fifth metacarpal. (¢) Delayed planar T1-201 images at 4 h show
washout of tracer but with some persistent retention indicative of a vascular lesion. (d) Early planar
T1-201 images acquired 11 months later due to increasing clinical symptoms despite previous
resection showing intense early uptake of tracer. (e) Delayed 4-h images demonstrating much more
retention and activity compared to the scan 11 months previously in keeping with a high-grade
histology. Repeat biopsy demonstrated osteogenic sarcoma
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Fig. 4.3 (continued)
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Fig. 4.4 (a) A 31-year-old male with a subcutaneous mass involving the right distal thigh thought
on ultrasound to represent a lipoma. (b) T1-weighted axial MRI image confirms a solid subcutane-
ous mass but not following fat signal. (¢) Early planar TI-201 images showing intense early uptake
(30 min). (d) Delayed planar T1-201 images (4 h) demonstrate overall retention of activity consis-
tent with a high-grade histology. (e) Delayed SPECT/CT TI-201 image confirming uniform reten-
tion of tracer within the lesion confirmed to be high-grade pleomorphic sarcoma on
percutaneous biopsy
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Fig.4.5 (a) A 26-year-old female presenting with a diffuse soft tissue mass in the dorsal aspect of
the right wrist, post-contrast T1-weighted axial image of the wrist demonstrates a diffusely enhanc-
ing mass with erosion of the underlying carpal bones. (b) Early planar T1-201 images (30 min)
show intense tracer uptake corresponding to the MRI mass. (¢) Delayed T1-201 images (4 h) dem-
onstrate overall retention of tracer. Biopsy showed Pigmented villonodular synovitis—PVNS
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Fig. 4.6 (a) A 26-year-old male presents with a painless mass involving the lateral aspect of the
left thigh. MRI T1 axial image demonstrates an isointense mass in the left vastus lateralis. (b)
T2-weighted image shows high signal within the mass consistent with a myxoid lesion. (c¢) Early
(30 min) and (d) delayed (4 h) planar T1-201 images showing no appreciable uptake within the
mass. (e) Delayed SPECT/CT TI-201 axial image confirming the lesion appears photopaenic with
no appreciable retention of tracer. Percutaneous biopsy demonstrated myxoid liposarcoma
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4.2.2 Tc-99m Pentavalent Dimercaptosuccinic Acid (DMSA(V))

DMSA(V) mimics phosphate and accumulates in a range of neoplastic cells via
hydrolysis [7]. It has been shown to concentrate in a variety of malignancies includ-
ing thyroid and breast as well as bone tumours [8].

Chondrosarcoma is the second most common primary bone malignancy after
osteosarcoma and constitutes approximately 25% of all primary bone tumours [9,
10]. Whilst high-grade lesions are usually apparent on structural imaging character-
ised by extensive bone destruction and extraosseous soft tissue, the distinction
between lower-grade 1 and 2 chondrosarcoma and enchondroma can be difficult
and problematic. Furthermore making the distinction even on histology may not be
possible due to the relative paucity of malignant cells relative to the larger chon-
droid matrix in the lower-grade lesions [1].

Our experience has demonstrated a combination of Tc-99m DMSA(V) and T1-201
to be the most useful functional imaging paradigm in assessing cartilage lesions.
High-grade lesions typically demonstrate both T1-201 and DMSA(V) uptake; low to
intermediate lesions increased uptake of DMSA(V) only [1, 11]. Absence of
DMSA(V) activity has been shown to have a negative predictive value of 100% such
that a negative test effectively rules out chondrosarcoma (Fig. 4.7a—d) [6, 8].

MRN:.

Anterior 30 min Posterior 30 min

Fig. 4.7 (a) A 71-year-old male with right shoulder pain, plain X-ray demonstrating typical
chondroid-type calcification involving the proximal right humerus. (b) T2 coronal MRI showing
high signal consistent with cartilage. (¢) Planar DMSA(V) images show no tracer uptake in the
right humeral lesion. (d) SPECT/CT DMSA(V) image confirms no tracer activity within the lesion
consistent with a benign enchondroma
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4.2.3 18FDGPET/CT

18FDG acts as a glucose analogue with the degree of uptake increasing according
to tumour grade relative to normal tissues. Thus the glycolytic activity of higher-
grade tumours is greater than benign or low-grade lesions which can be quantified
by the application of standardized uptake values (SUVs). Generally there is strong
correlation between the SUVs and the pathological grade of the tumour reflecting
cell mitotic activity and p53 overexpression [12]. This has led to the application of
PET/CT in the application for use in initial diagnosis and biopsy planning, grading,
staging and assessment of treatment response (Fig. 4.8a—d).

With the increasing emphasis on more tailored and targeted tumour-specific ther-
apies, the unique metabolic information that molecular techniques such as PET/CT
provide are becoming more important.

4.2.3.1 Initial Diagnosis

Whilst the sensitivity of PET/CT for detecting malignant lesions is high, PET/CT’s
principal utility in initial diagnosis is in the assessment of structurally indeterminate
masses as most malignant tumour histology will demonstrate FDG uptake and accu-
mulation [13]. Ioannidis and Lau showed using a SUV cut-off of 2, the sensitivity
and specificity for the diagnosis of malignant soft tissue using 18FDG were 87%
and 79% sensitivity and specificity, respectively [13]. The fact however that a num-
ber of benign lesions in particular PVNS, fibrous lesions and primary bone tumours
such as giant cell tumour of the bone and fibrous dysplasia are FDG avid reduces its
specificity and clinical utility even when the SUV is high (Fig. 4.9a—d) [14].
Similarly infective conditions particularly granulomatous may show high tracer
uptake requiring careful correlation with structural imaging and multidisciplinary
discussion to reach the correct diagnosis (Fig. 4.10a—d).

Like T1-201 SPECT/CT, PET/CT is very useful in biopsy guidance allowing the
most metabolically active portions of often large and structurally heterogeneous
lesions to be appropriately targeted and sampled. The highly heterogeneous histo-
logic grades seen particularly in the soft tissue sarcomas are directly reflected in the
18FDG spatial uptake distribution making it an ideal road map for biopsy planning
and approach. The acquisition of whole-body views potentially provides the added
evidence of coexistent metastatic disease determining prognosis and management
decisions [14].

4.2.3.2 Staging and Restaging

PET/CT is complimentary to the conventional structural modalities of whole-body
CT and MRI. It has been shown to be more accurate in the detection of distant bone
metastases than bone scintigraphy in Ewing’s sarcoma but less somewhat surpris-
ingly in cases of metastatic osteosarcoma [15]. PET/CT has been shown to be more
accurate in the detection of PET-avid distant soft tissue metastases than the conven-
tional techniques of CT and MRI—in a study of 46 patients with diagnoses of
Ewing’s sarcoma, osteosarcoma and rhabdomyosarcoma, PET/CT was superior for
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Fig. 4.8 (a) A 29-year-old male presents with right-sided pelvic and hip pain. X-ray initially
reported as normal but demonstrates on review very subtle sclerosis involving the right iliac wing.
(b) F18-FDG PET/CT whole-body MIP image demonstrates irregularly increased uptake involv-
ing the right hemi-pelvis and acetabulum. (¢) F18-FDG axial fused images showing marginal
activity within a soft tissue mass medial to the bony ileum consistent with viable active tumour and
central photopaenia indicating tissue necrosis. Further viable tumour lies adjacent and lateral to the
ileum. CT-guided biopsy targeting the areas of tracer uptake showed grade 3 chondrosarcoma. (d)
Contrast-enhanced T1 MRI demonstrates areas of enhancement directly correspond to the areas of
F18-FDG activity

detection of nodal disease, 95% versus 25% sensitivity and 90% versus 57% sensi-
tivity for distant metastatic disease (Fig. 4.11a—c) [16].

PET/CT however is less sensitive for the detection of lung metastatic disease
than conventional CT chest particularly for lesions less than 10 mm. However it
may aid in helping to determine the nature of larger incidental lung nodules which
do not demonstrate tracer uptake in the context of PET-avid disease elsewhere.
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MRN:.

Fig.4.9 (a) A 31-year-old female presents with lower back pain and paraesthesia with plain X-ray
showing loss of cortical definition of the left sacral foramina and lucency. (b) Axial bone targeted
CT image shows large soft tissue mass involving the sacrum with bony destruction consistent with
an aggressive process. (c¢) T2 fat-saturated MRI axial image confirming the soft tissue mass with-
out crossing the sacroiliac joints. (d) Corresponding F18-FDG fused axial image showing marked
tracer uptake. Subsequent percutaneous CT-guided biopsy demonstrated giant cell tumour of
the bone

A number of patients will develop local or distant recurrence following definitive
initial treatment and management, and PET/CT plays an important role in the fol-
low-up of these patients. Structural changes including fibrosis following radiother-
apy and surgery and the presence of metal prostheses make interpretation of
conventional imaging techniques difficult and frequently delay the diagnosis of
recurrent disease. Multiple studies, including Johnson et al. who showed PET/CT
detected all recurrences in 25 patients compared to CT and MRI alone, have dem-
onstrated the high accuracy of PET/CT in detecting recurrent disease [17].

4.2.3.3 Response to Treatment/Prognosis

Studies have shown that PET/CT has a potential role in assessing tumour response
to neoadjuvant chemotherapy regimens. Schulte et al. showed a direct correlation
between glucose metabolism uptake and tumour regression on histology
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MRN:.

Fig. 4.10 (a) A 62-year-old Vietnamese male presented with a firm subcutaneous lump over the
posterior aspect of the left shoulder. T2-weighted fat-saturated image shows an ill-defined solid
subcutaneous mass ? soft tissue sarcoma. (b) F18-FDG MIP image demonstrates that the left
shoulder mass is tracer avid with a number of PET-avid masses within the left lung raising the pos-
sibility of associated metastatic disease. (¢) Fused axial PET/CT images confirming the index mass
is metabolically active. (d) PET-positive lung parenchymal masses. Percutaneous biopsy of the left
shoulder mass demonstrated Cryptococcus neoformans with the cavitating lung lesions consistent
with associated lung parenchymal involvement

following therapy in patient with osteosarcoma [18]. Similarly, initial SUV max
of the tumour in synovial sarcoma has been correlated with prognosis [19]. Eary
etal. [20] have demonstrated that spatial heterogeneity as demonstrated by 18FDG
uptake is independently predictive of patient outcome. Furthermore multiple
groups have used tumour SUV to monitor treatment response with a 35% reduc-
tion in FDG uptake in the post-treatment scan compared to baseline predictive of
histologic response [21-23].



56 S. M. Schlicht

E:IUI:J}.-' Time: 10:. .. et
: MR, I
P’

.:' L
A%
1]
':.l
"y

Fig. 4.11 (a) A 21-year-old male presents with a painless right shoulder mass. Axial contrast-
enhanced T1-weighted MRI image shows a heterogeneously enhancing soft tissue mass. (b) F18-
FDG MIP image shows irregular but marked tracer uptake within the mass with further focal
fainter uptake within the right axilla. (¢) Coronal fused PET/CT image confirming uptake in the
right shoulder lesion with further activity seen in multiple axillary lymph nodes. Percutaneous
biopsy of the right shoulder and lymph nodes demonstrated malignant epithelioid tumour with
lymph node metastases

4.3 Conclusion

Functional imaging techniques provide unique metabolic information regarding
bone and soft tissue tumours. Co-registering the information from conventional
nuclear medicine and metabolic techniques with high-quality structural images
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further significantly contributes to the information and insights provided by the
modalities individually. Such techniques can be utilised in the initial diagnosis,
staging and monitoring of treatment response in this diverse and challenging group
of tumours.
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Peter F. M. Choong

5.1 Background

In his treatise on bone sarcomas [1], Ewing stated that “Abundant clinical material,
wide clinical experience, and knowledge of the embryology, physiology and pathol-
ogy of bone, are the more essential qualifications for successful investigation in this
field”. His comments highlighted the core principle today that for a rare tumour
such as sarcoma, the best efforts come from where clinical material, knowledge and
experience are the greatest, namely, tumour centres. Moreover, he believed strongly
that surgeon, radiologist and pathologist (and later radiation oncologist) needed to
work strongly together for success in this endeavour. Ewing went on to propose a
novel concept for its day that a tumour could be defined not only by its microscopic
appearance but also its responsiveness to treatment [2]. In all, Ewing was a man
ahead of his time who highlighted the importance of the diagnosis in good treatment
of sarcoma.

Diagnosing a sarcoma is critical for its effective and successful treatment.
Inadvertent excision following poor knowledge of the sarcoma behaviour, errone-
ous assumptions based on clinical findings alone, the absence of good anatomic
imaging or lack of appreciation for a poor correlation between anatomic and histo-
logic findings often leads to sub-optimal patient outcomes such as more complex
re-excisional surgery including amputation, a higher local recurrence rate, the
potential for greater metastatic events and a higher risk of death from disease [3].

Safe, representative and appropriate biopsy is required for the diagnosis of sar-
coma. Safety is a key issue because inappropriate biopsy may lead to post-biopsy
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bleeding with the carriage of sarcoma cells by haematoma beyond the original con-
fines of the tumour. Inexpert surgery may lead to the opening of tissue planes permit-
ting further contamination of otherwise virgin tissue whose inclusion within the
subsequent definitive operative field may result in extensive surgery. This latter event
creates an even greater dilemma if contaminated haematoma involves vital anatomic
structures such as nerves, vessels and joints for which sacrifice may result in signifi-
cant functional consequences such as altered limb function or even amputation [4].
Representative tissue is critical for an accurate diagnosis [5, 6]. Ensuring that
the target for biopsy (bone and soft tissue) will have the highest chance of deliver-
ing representative tissue is a major requirement of the treating team. To achieve
this, adequate and meaningful imaging is required prior to biopsy. Such imaging
including anatomic (X-rays, computed tomography, magnetic resonance imaging)
and functional (nuclear bone scans, thallium scans and positron emission tomogra-
phy) scans allow for the most metabolically active tissue to be identified and the
most highly necrotic areas to be avoided (Fig. 5.1). Targeting of specific areas for

Fig.5.1 (a) T1 coronal view of large adductor sarcoma. (b) Fat saturation proton density coronal
image of large adductor sarcoma. (¢) PET image of adductor sarcoma demonstrating central necro-
sis with focal activity along the periphery of the tumour. Metabolically active tumour targeted for
biopsy (white arrow). (d) CT-guided biopsy of targeted tumour with high metabolic activity and
avoiding area of central necrosis



5 Biopsy 61

needle biopsy is best achieved with CT guidance [7, 8], and a snapshot of the
needle in situ not only assists the surgeon in locating the biopsy site and planning
the surgical approach but also for allowing discussion regarding representativeness
of the biopsy should a discrepancy between histological and anatomic find-
ings emerge.

Appropriate biopsy refers to the optimal location of the biopsy entry site [9].
There is genuine concern about the nature of seeding along the biopsy tract which
has opened up the debate of open versus percutaneous biopsy [10]. This is of impor-
tance when planning the surgical approach, as well as when attempting to avoid
contaminating important neurovascular and articular structures. Biopsy tracts are
conventionally placed along incisions lines taken to approach the tumour such that
the biopsy tract may be included in the resection margin (Fig. 5.2). In one study of
180 patients comparing open versus percutaneous biopsy, 32% of open and 0.8% of
percutaneous biopsies were associated with biopsy track seeding [11]. Although
open biopsy may allow access to larger tissue samples, the tissue that is only acces-
sible is directly below the incision to avoid unnecessary dissection of the tumour. In
this regard, the tissue directly below the incision has to contain representative tissue
if it is to be a meaningful biopsy. Guided core needle biopsy, however, allows tissue
to be accessed at a distance from the puncture site in multiple directions from a
single puncture point (Fig. 5.3). This applies for both bone and soft tissue tumours
[5, 6,12, 13]. It is thought that the co-axial nature of needle biopsy may also help to
minimise the degree of track seeding.

5.2  Who Should Have a Biopsy?

Anyone with a radiographic abnormality of bone, with persistent pain that is not
responsive to simple analgesics and which is worse at night, should be suspected of
having a possible malignant bone tumour. Anyone with a lump engaging the deep

Fig.5.2 (a) MR image demonstrating large periacetabular osteosarcoma. Biopsy through the but-
tock will potentially endanger the gluteal flap. (b) PET scan demonstrating hypermetabolic lesion
with central necrosis. Arrow indicates that a CT-guided transosseous biopsy through the anterior
inferior iliac spine will be able to target metabolically active tissue; avoid the area of central necro-
sis and remain in line with a standard ilio-femoral incision
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Fig.5.3 (a) T1 MRI demonstrating large subcutaneous sarcoma. In order to minimise dissection,
open biopsy can only sample tissue directly beneath the skin incision (dashed line). (b) T2 fat-
saturated MRI demonstrating heterogeneous signal within subcutaneous sarcoma. Through a sin-
gle entry point on the surface, multiple core needle biopsies may be obtained to sample different
regions of the sarcoma

fascia or deep to the deep fascia and greater than 5 cm in diameter should be sus-
pected of having a soft tissue sarcoma until proven otherwise [14]. Except in rare
circumstances, imaging modalities alone are not reliable when determining the his-
tology of a bone or soft tissue abnormality. It is critical that patients presenting with
the above symptoms and signs should be considered for biopsy. Decisions to recom-
mend a biopsy should follow discussions with clinicians from a centre specialising
in sarcoma care.

5.3  Where Should the Biopsy Be Undertaken?

Ideally, all biopsies should be undertaken at a centre specialising in sarcoma man-
agement. At these centres, there will be the resources to ensure that the tissue is
handled appropriately and expeditiously between the time of biopsy and histo-
logical examination. Because of the multidisciplinary nature of sarcoma care,
there will be a designated team of pathologists who are experts in analysing and
interpreting the histological findings and who will be in close contact with the
other members of the multidisciplinary team regarding the case. In certain cir-
cumstances, it may be practical that subcutaneous tumours or large sarcomas be
subjected to biopsy outside of a tumour centre. In these circumstances, it is advis-
able that biopsy occur after discussion with experts from a centre specialising in
sarcoma management.

5.4 What Investigations Should Be Undertaken
Before Biopsy?

Biopsy will induce a tissue artefact through inflammation, bleeding, haematoma
and oedema. Depending on the extent of the biopsy artefact, imaging studies may
not be able to differentiate what is attributable to the tumour or biopsy. Such
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confounding may lead to over- or under-diagnosis of sarcoma. It is therefore pref-
erable that all imaging studies (anatomic and functional) should be completed prior
to biopsy. This is particularly important where MRI is concerned, as the sensitivity
of MRI to detect inflammation or trauma leaves it vulnerable to post-traumatic
artefact, making it difficult to interpret MRI findings after biopsy.

5.5 Who Should Perform the Biopsy?

Conventionally, open biopsies are best performed by surgeons who will be leading
the definitive surgical management of the tumour. This is because decisions as to the
site of the biopsy incision need to be made in the context of the potential approach
to resecting the entire tumour with wide margins. Ideally, the biopsy track will be
excised en bloc with the operative specimen. Sarcoma surgeons are best placed to
decide the safest approach to tumour resection and hence the position of the biopsy
incision.

Percutaneous core needle biopsies are usually performed by radiologists who are
expert in this technique. Those with the greatest experience are usually associated
with a tumour centre and are familiar with the requirements to mitigate inadvertent
complications such as misplaced biopsy sites and sampling poorly representative
areas. Radiologists who work in conjunction with a multidisciplinary sarcoma team
will be familiar with the requirements and use of various pieces of equipment
required for sampling of bone and soft tissue tumours.

5.6 Placement of the Biopsy Entry Site (Figs. 5.4, 5.5, and 5.6)

Key considerations

1. Avoid locations that may contaminate neurovascular structures. Sampling near a
major neurovascular structure may accidentally lead to contamination of impor-
tant nerves and vessels requiring subsequent resection. This may lead to loss of
muscle function or viability of parts distal to the biopsy site. For example, biop-
sies through the flexor fossae; posterior and lateral aspects of the deltoid where
the axillary nerve enters and courses through the muscle, respectively; the centre
of the buttock muscle where the gluteal vessels enter; and the anterior abdominal
wall should be avoided or, at least, require careful discussion and
contemplation.

2. Avoid transgressing joint cavities. For example, sampling tumours around the
anterior distal femur and thigh may inadvertently involve the suprapatellar
pouch. Contamination of a joint cavity may require sacrifice of that joint as well
as more complex extra-articular resections if the bone is the primary site.
Biopsies in the forearm may involve the flexor bursae which span from the palm
to the upper forearm, and haematoma within these bursae may cross-contami-
nate the hand and the forearm.
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Fig. 5.4 Biopsy of tumours of the upper limb and shoulder girdle. (a) Tumours of the humerus
should be approached from the front to avoid important neurovascular structures. As the axillary
nerve enters the deltoid muscle from behind, it is safer to position proximal humeral biopsies from
the front. Mid-shaft humeral biopsies may be approached from the front to avoid the radial nerve
as it courses in the spiral groove. Anterior midline biopsy of distal humeral tumours can avoid the
posterior interosseous nerve and the medial brachial neurovascular structures. (b) Protracting the
scapular forwards will allow access to subscapular lesions
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Fig. 5.5 (a) Tumours of the boney pelvis should be approached along the line of the iliac crest
which conforms to the standard ilio-inguinal or ilio-femoral incision normally used in surgical
approaches to pelvic tumours. (b) The buttock can be divided into quadrants. The upper inner
quadrant contains the vessels to the gluteal flap, the lower inner quadrant contains the sciatic nerve,
and the lower outer quadrant contains the hip joint. The upper outer quadrant is the safe zone.
Positioning the biopsy is critical for avoiding these important structures
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Fig. 5.6 (a) Biopsy of femoral lesions should be from a lateral approach to avoid the hip capsule
and femoral neurovascular structures proximally and the knee joint and suprapatellar pouch dis-
tally. The patella tendon is vulnerable from anterior approaches, and the femoral vessels are vul-
nerable as they pass through the adductor hiatus medially. (b) Biopsy of proximal tibial tumours
may occur through the gastrocnemii to avoid tumour spillage

3. Avoid areas which may inadvertently compromise muscle function. For exam-
ple, laterally placed tumours of the deltoid will need biopsy from a more anterior
direction to avoid involvement of the axillary nerve as it tracks forwards on the
deep surface of the muscle.

4. Use single entry versus multiple biopsy sites.

Bone tumours are more challenging than soft tissue tumours to biopsy.

6. Some sites can be very difficult if not impossible to biopsy without great morbid-
ity, e.g. inner wall of acetabulum, and diagnosis may be based on anatomic and
radiologic characteristics as well as the behaviour of the tumour rather than on
biopsy tissue.

7. Biopsy of very superficial tumours may result in ulceration and secondary
infection.

e

5.7 BiopsyTechnique
5.7.1 Open Biopsy

Open biopsy of a suspected sarcoma should be undertaken in centres expert in the
management of sarcoma. In exceptional circumstances, biopsy may be undertaken
after appropriate advice from experts at a tumour centre.
1. Tourniquet—If possible, a tourniquet should be used to minimise haematoma
formation and to maintain a dry field for adequate visualisation of the biopsy site.
2. Selection of biopsy site—After thorough review of the anatomic and functional
imaging, the biopsy site most likely to yield representative tissue is selected.
3. Special attention is paid to areas of necrosis, cyst formation or haemorrhage as
these sites are unlikely to yield tumour tissue or the findings may be spurious.
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10.

11.

12.

Plan site of biopsy incision to coincide where possible with surgical incision
that will be used for definitive resection. If biopsy incision cannot align with
surgical incision, then have it in a position that can be included with the opera-
tive specimen without undue sacrifice of normal or important structures.
Direct incision down onto tumour. Ensure haemostasis on the way in. Achieve
adequate exposure, but be careful not to damage or dissect side wall or create
planes of dissection around the tumour. This is to minimise the operative foot-
print. Careful use of blunt self-retaining retractors will aid with exposure.
Sample tissue directly under the incision line. Do not dissect away from the
incision line to minimise the surgical footprint.

Send tissue to pathology fresh for examination. Ideally, frozen section of the
tissue should be obtained prior to closure to ensure that representative tissue has
been obtained.

While awaiting the results of the frozen section, it may be useful to place hae-
mostatic material such as Surgicel® into wound under compression.

If the results of the frozen section are satisfactory, release the tourniquet, and
confirm haemostasis.

Once haemostasis is confirmed close in layers with direct suture of the fascia
overlying the tumour, followed by fat and skin. Dissolvable subcuticular sutures
should suffice. Only employ a subcutaneous drain if it is clear that a haematoma
will develop post-operatively.

Resist the temptation to infiltrate the area with local anaesthetic as this may
serve to increase the size of the surgical footprint and may inadvertently spread
tumour cells.

Apply a compressive bandage. Elevate and rest the limb if relevant. Avoid
unnecessary strenuous activity over the following 48 h to minimise haematoma
formation.

5.7.2 Percutaneous Biopsy

Ideally, this would be performed under CT guidance in a sterile field.

. Careful pre-biopsy instillation of local anaesthetic is often needed in the absence

of a general anaesthetic in the radiology suite. Avoid approaching the biopsy site
with the anaesthetic, but instead inject local anaesthetic in an arc from a distance
proximally that would numb the dermatome involved.

. Once the tumour biopsy site has been confirmed by laser cross-hairs and marked,

a stab incision is made for the introduction of a co-axial sheath (soft tissue) or
co-axial drill instrument (bone) with an obturator in position.

This is directed down to and where appropriate through the tumour to the planned
end-point. With soft tissue tumours, a firing mechanism is deployed which fires
the biopsy needle through the co-axial device a set distance. For bone, the biopsy
needle within the protective sheath is hand-drilled through the bone. The biopsy
needle is then extracted and tissue harvested. Additional cores may be taken in a
diverging array from the puncture site to ensure adequate sampling within
the tumour.
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5. On completion of the biopsy, the needle and protective sheath are removed and
pressure applied to the area for several minutes.

6. Occasionally, a bone tumour may bleed through the protective sheath. In this
case, haemostatic material, e.g. Gelfoam®, may be inserted down the protective
sheath to tamponade the bleeding. An adhesive dressing can then be applied.

5.7.3 What Tests Should Be Ordered on the Biopsy Material?

All tissue should be sent fresh to pathology for examination. The pathologist (sar-
coma) should be forewarned of the biopsy and any special instructions conveyed
prior to the biopsy. Tests routinely requested include:

Histology and immunohistochemistry to confirm sarcomatous nature of tumour.
Culture and antibiotic sensitivities if infection is part of the differential diagnosis.
Flow cytometry if lymphoma is suspected.

Molecular pathology tests looking for signature abnormalities, e.g. evidence of
translocation, gene amplification, gene expression.

5. Chromosomal analysis if this is available or pertinent to the case.

e

5.7.4 How Should the Results of the Biopsy Be Interpreted?

The biopsy result should be interpreted in the context of the radiologic findings and
once all the pathological tests have been performed. The imaging and pathology
findings should be concordant, and the extent of this should be the subject of a regu-
lar multidisciplinary tumour conference at which the opinions of sarcoma clini-
cians, radiologists and pathologists are used to inform the final diagnosis. If there is
any discordance between clinical presentation, biopsy result and radiologic find-
ings, then any discrepancy will need debate to arrive at a consensus opinion. Under
such conditions, a re-biopsy may be in order, and this should part of the multidisci-
plinary team discussions.
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Bone Tumour Pathology 6

Vanessa Tran and John Slavin

6.1 Introduction

Bone tumours encompass an extensive range of lesions, which present in the human
skeletal structure. Despite their extreme rarity, bone sarcomas include a broad, het-
erogeneous list of tumour subtypes that have various, distinct clinical and pathologi-
cal characteristics. In addition to primary mesenchymal lesions, the bone can also
give rise to many other non-sarcomatous tumours, including tumours of haemato-
poietic origin and metastatic bone disease, and these therefore must also be included
in the differential list. The diagnostic challenge for pathologists, therefore, is two-
fold: (1) these tumours are uncommon and infrequently encountered in clinical
practice, which presents a challenge to inexperienced pathologists, and (2) the broad
histological spectrum of bone tumours can cause diagnostic confusion. Accurate
diagnosis is essential in prognostication of disease and ensuring appropriate treat-
ment. For this reason, bone cancers are best managed in a multidisciplinary team at
expert tertiary referral centres [1].

6.2 Epidemiology

Malignant neoplasms of the bone are very rare tumours that comprise only 0.2% of
the tumour burden [2]. A primary tumour of the bone, however, including benign
lesions, is relatively common. Its lack of clinical significance means that the precise
incidence of such tumours is unknown [3]. It can be estimated that for every one
case of bone cancer, there are at least 10,000 cases of benign bone tumours [4]. In
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2019, there were 255 new diagnoses of bone cancer in Australia and 101 deaths [5].
As a collective entity, these tumours demonstrate a bimodal age distribution with
peaks in the second and seventh decades of life and a slight predilection for males [6].

6.3 Classification

The World Health Organization (WHO) classification of tumours of the bone cate-
gorises bone tumours according to their presumed line of differentiation [6]. Within
each of these 12 subgroups, the tumours can be further sorted into benign, interme-
diate (locally aggressive) and malignant subtypes. Benign tumours generally
respond well to local excision or curettage and have minimal risk of recurrence.
Intermediate tumours are also known as locally aggressive or rarely metastasising
lesions and described as tumours that may infiltrate and recur locally but lack meta-
static potential. The malignant type denotes the most aggressive group of tumours,
which demonstrate both local recurrence risk and distant metastasis.

6.4 Grading and Staging

Malignant bone tumours can be further stratified by their risk of metastasis. The
grade of a tumour uses its histological features to predict the clinical behaviour of
the sarcoma. There are various grading systems that categorise bone sarcomas into
either two, three or four tiers; however, unlike the FNCLCC grading system in soft
tissue tumours, consensus is lacking. Broadly speaking, the pathological diagnosis
of a bone tumour will determine its grade [6]: low-grade lesions (<25% risk of
metastasis) and high-grade lesions (>25% risk of metastasis) [7-9]. The stage of a
bone tumour also provides prognostic information based on clinical and pathologi-
cal information. The favoured system is the American Joint Committee on Cancer
(AJCC) staging system [10]. This incorporates information regarding the size of the
tumour, the involvement of regional lymph nodes, the presence of distant metasta-
ses and its histological grade.

6.5 Diagnostic Approach

Prompt evaluation and diagnosis are essential to the management of patients with
bone tumours. However, due to their rarity within the general population and the
presentation of non-specific symptoms, delays in diagnosis are common [11]. In the
2006 NICE guidelines, it was recommended that all patients with bone sarcomas be
managed in a multidisciplinary team setting at a specialist referral centre [1]. Thus,
prompt recognition and referral is paramount.

When a bony lesion is suspected on clinical assessment, imaging is an essential
next step. Plain X-rays remain a valuable investigation for bone tumours and should
be the first investigative choice. Radiological findings can be used to differentiate
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between osteosarcomas, Ewing sarcoma, giant cell tumours (GCTs) as well as non-
sarcomatous lesions, such as osteomyelitis [12]. Computed tomography (CT) is
often the next step in assessing the diagnosis. Magnetic resonance imaging (MRI) is
extremely useful when further characterisation of a lesion and its surrounding soft
tissue is required, as well as for the process of local staging and surgical planning
[13]. If malignancy is suspected or diagnosed, computed tomography (CT) of the
chest should be ordered to assess the presence of pulmonary metastases [12].

Achieving a definitive diagnosis requires a sample of the tissue to be examined
by pathologists. A biopsy, therefore, is the next key stage in diagnosis of a suspi-
cious lesion. Appropriate sampling of the tissue is crucial since inadequate tissue
samples may prevent accurate pathological analysis.

The biopsy tract should be carefully considered as it will require excision along
with the tumour, if confirmed as a malignant lesion [14]. Fine-needle aspiration
(FNA) is the least invasive option and allows for cytologic evaluation of a lesion.
Needle core biopsy provides a larger sample of intact tissue and provides higher
diagnostic yield when compared with FNA [15-17]. Open biopsy provides the most
sensitive results of all biopsy techniques; however, it is a more invasive procedure,
with higher complication risks [18, 19].

6.6 Osteogenic Tumours

Osteogenic tumours, otherwise known as bone-forming tumours, encompass both
benign and malignant tumours that histologically recapitulate osteoid or bone tis-
sue. The WHO classification of tumours of the bone describes ten subtypes of osteo-
genic tumours, as listed in Table 6.1, which reflects the various natural history and
pathological features of each tumour.

6.6.1 Benign Osteogenic Lesions
Osteoma is a benign tumour of the bone that is frequently asymptomatic and discov-

ered only incidentally. They primarily arise in the skull bones, including the cal-
varium, facial bones and jaw bones, and rarely occur anywhere else [20]. While

Table 6.1 Summary of subtypes of bone-forming tumours [3]

Benign tumours Malignant tumours

Osteoma Central

Osteoid osteoma Low-grade central osteosarcoma
Osteoblastoma Conventional osteosarcoma

Telangiectatic osteosarcoma
Small cell osteosarcoma

Surface
Parosteal osteosarcoma
Periosteal osteosarcoma
High-grade surface osteosarcoma
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typically slow-growing, large osteomas may obstruct the paranasal sinuses, causing
symptoms of headache, nasal discharge or exophthalmos [21, 22]. If resected, these
tumours reveal a well-circumscribed lesion that attach broadly to the underlying
bone. The tissue is primarily composed of dense, compact bone with areas of tra-
becular bone that contain a fibrous stroma with few cells. These tumours, if asymp-
tomatic, do not require any treatment.

Osteoid osteoma and osteoblastoma are both benign tumours, distinguished arbi-
trarily by their size, that are characterised by the production of osteoid or mature
bone [23]. The more commonly encountered lesion is osteoid osteoma, which pri-
marily occurs in children and adolescents, more commonly in males [24, 25].
Osteoid osteoma arises most commonly in the femur and tibia classically causing
unrelenting pain that is worse at night and effectively relieved by non-steroidal anti-
inflammatory drugs (NSAIDs) [26, 27]. Osteoblastomas, on the other hand, appear
primarily in the posterior arch of the vertebral column and do not cause the same
intensity of pain [24]. Both tumours appear macroscopically as round, red lesions
with a gritty texture. By definition, osteoid osteomas do not exceed 20 mm in great-
est diameter, and osteoblastomas are larger than 20 mm [6]. The histological char-
acteristics are indistinguishable between both types of tumours [24, 28]. These
tumours typically present as a solitary lucent nidus of osteoblastic activity sur-
rounded by a hypervascular, sclerotic bone [26]. Some tumours may have more than
one central nidus, and this is more common in osteoblastoma than osteoid osteoma
[29, 30]. The prognosis is very favourable for both tumours with almost negligible
risk of recurrence, although larger lesions may require surgical excision.

6.6.2 Osteosarcoma

Osteosarcoma or osteogenic sarcoma is the most common primary bone malig-
nancy. It most commonly occurs in children between 10 and 20 years of age but also
has a smaller peak in incidence after 60 years of age, with a slight predilection for
males [31-33]. Certain genetic syndromes have been associated with the develop-
ment of osteosarcoma, including inherited retinoblastoma [34], Li-Fraumeni syn-
drome [35] and Rothmund-Thomson syndrome [36]. Within the adult population,
there are additional risk factors for secondary osteosarcoma, including Paget’s dis-
ease [37] and previous exposure to ionising radiation [38]. These tumours often
arise in the metaphyseal portion of long bones, with the most common sites being
the femur (most commonly distal), tibia, humerus and pelvis, which collectively
account for up to 80% of all cases [39, 40]. Lesions have also been described in
almost all other bones in the body, including extraskeletal sites in extremely rare
cases [41].

As shown in Table 6.2, osteosarcoma comprises seven subtypes, which each
reflect a distinct pattern of clinical features and behaviours. Broadly speaking, these
subtypes can be grouped into central and surface tumours. Low-grade, conventional,
telangiectatic and small cell osteosarcomas are typically intramedullary lesions,
while parosteal, periosteal and high-grade osteosarcomas occur on the bone surface
[42]. Table 6.2 summarises the osteosarcoma subtypes by location and grade.
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Table 6.2 Summary of osteosarcoma subtypes by location and grade [3]

Central (intramedullary) Surface
Low grade Low-grade central osteosarcoma (fibrous dysplasia-like | Parosteal
and desmoplastic fibroma-like) osteosarcoma
Intermediate Periosteal
grade osteosarcoma
High grade Conventional osteosarcoma High-grade
Telangiectatic osteosarcoma osteosarcoma
Small cell osteosarcoma

Fig. 6.1 Osteosarcoma containing osteoblasts set in an osteoid matrix

6.6.2.1 Central (Intramedullary) Osteosarcoma

Conventional osteosarcoma is the most common variant, accounting for §0-90% of
all osteosarcomas. This is a high-grade, intramedullary tumour that primarily arises
in the childhood population [39, 40]. Conventional osteosarcoma can be further
classified into histological subtypes, primarily osteoblastic, chondroblastic and
fibroblastic, although this does not seem to reflect any appreciable difference in
prognosis or clinical behaviour [43, 44]. The tumour demonstrates highly atypical,
pleomorphic spindle- or polyhedral-shaped cells, with occasional mitotic figs [42,
43, 45]. Osteoblastic subtypes (76—-80% of cases) have a predominant bone or oste-
oid extracellular matrix (ECM) (Fig. 6.1); chondroblastic subtypes (10-13%) have
a high-grade hyaline cartilaginous ECM; and fibroblastic subtypes (10%) show
high-grade spindle cells in its ECM [43].
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Telangiectatic osteosarcoma is a rare subtype of central osteosarcoma. Like con-
ventional osteosarcoma, it primarily arises in the second decade of life and demon-
strates a male preponderance [46]. In one-quarter of cases, patients will present with
a pathological long bone fracture [47]. Macroscopic examination of this tumour
reveals a characteristic multicystic lesion with haemorrhage into the cavities [48].
Radiological and histological examination can both resemble aneurysmal bone
cysts (ABCs) due to the cystic nature of the tumour. However, identification of
highly atypical, pleomorphic cells with focal osteoid formation point towards a
diagnosis of telangiectatic osteosarcoma.

Small cell osteosarcoma is even rarer, accounting for only 1.5% of all osteosar-
comas [49-51]. Although still predominantly a tumour of childhood, it is also
encountered in the older population. Epidemiological studies suggest a slight female
predilection [49-52]. It often forms lytic lesions within the metaphysis of long
bones with an associated large soft tissue mass that may mimic Ewing sarcoma [14,
51, 53]. Microscopic examination reveals small, round, blue malignant cells with a
background osteoid matrix and occasionally characteristic spindling of tumours
cells [45, 51]. To compound its histological similarity with Ewing sarcoma, these
tumours also demonstrate positivity to CD99, and thus, misdiagnosis may occur
[54-56]. Immunohistochemical staining for FLI-1 is therefore important in these
contexts, as it is frequently positive in Ewing sarcoma but negative in small cell
osteosarcoma [57, 58]. The overall prognosis for small cell osteosarcoma is worse
than conventional osteosarcoma [49, 51].

Low-grade central osteosarcoma demonstrates a more favourable prognosis
compared with its high-grade counterparts described above. These tumours most
commonly arise in the knee, either in the distal femur or proximal tibia [59-61],
affecting patients in the third or fourth decade of life [6, 62]. They arise within the
intramedullary cavity and often cause cortical destruction. The lesion itself is grey-
white with a firm, gritty texture and poorly circumscribed margins. Disruption of
the bony cortex may extend into the adjacent soft tissue [60, 63]. Microscopic
examination demonstrates a paucicellular, fibroblastic proliferation of spindle cells
arranged in interlacing fascicles. These cells demonstrate a uniform in appearance
with only mild nuclear atypia and only occasional mitotic figures. The background
is abundantly collagenous and there is variable osteoid formation. Karyotypic anal-
yses of low-grade central osteosarcomas may demonstrate supernumerary ring
chromosomes that contain amplified sequences of chromosome 12q13-15 [64-66].
Detection of MDM2 and CDK4 amplification, therefore, can be useful in distin-
guishing these tumours from benign fibrous and fibro-osseous lesions, including
fibromatosis, fibrous dysplasia and myositis ossificans [67, 68].

6.6.2.2 Surface Osteosarcoma

Parosteal osteosarcoma is low-grade juxtacortical osteosarcoma and is the most
common surface osteosarcoma. About 70% of cases arise in the posterior aspect of
the distal femur, and as a result, these patients often present with a painless, slow-
growing mass and restriction in knee flexion [69]. Arising from the cortex, these are
firm, ossified masses with lobulated borders. A cartilage cap on the tumour surface
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is present in 25% of cases, which may mimic osteochondroma [70]. The presence
of any softer areas is suspicious of dedifferentiation to high-grade osteosarcoma,
which has been reported in 16-43% of cases [69, 71, 72]. Similar to low-grade cen-
tral osteosarcoma, MDM2 and CDK4 amplification is often encountered, and their
detection by immunohistochemistry may be of diagnostic utility [67, 68, 73]. In
general, prognosis is favourable in parosteal osteosarcoma with overall 5-year sur-
vival at approximately 91% [69]. However, the presence of dedifferentiation confers
a worse prognosis that is similar or only slightly better than conventional osteosar-
coma [61, 69, 71, 72].

For every three parosteal osteosarcomas, there is only one case of periosteal
osteosarcoma, making it an extremely rare tumour. This tumour has a preponder-
ance to arise in the diaphysis or diaphyseal/metaphyseal junction of long bones,
predominantly in the anteromedial aspect of the distal femur and proximal tibia
[74-76]. The gross specimen reveals a broad-based, sessile lesion encased in a well-
circumscribed pseudocapsule. The cartilage appears atypical, and there is often a
myxoid background with some areas of calcification [77].

High-grade surface osteosarcoma is an even more infrequent variant than perios-
teal osteosarcoma, accounting for less than 1% of all osteosarcomas [78]. This
tumour arises in an age group similar to that of conventional osteosarcoma and also
appears histologically similar to conventional osteosarcoma [79]. Resected speci-
mens demonstrate a well-circumscribed, lobulated lesion on the cortical surface of
the bone with extension into the soft tissue and disruption of the underlying cortex.
Histological examination reveals that of a high-grade spindle cell tumour with atyp-
ical features, similar to what is seen in conventional osteosarcoma [79].

6.7 Chondrogenic Tumours

Chondrogenic or cartilage-forming tumours, which encompass both benign and
malignant lesions, are the most common primary bone neoplasm. Its prevalence is
largely accounted for by the benign tumours, namely, osteochondroma and enchon-
droma. There are many subtypes of chondrogenic tumours, of which several selected
types will be discussed below. Table 6.3 lists the cartilaginous tumours defined by
the WHO classification.

Table 6.3 Summary of subtypes of cartilaginous tumours [3]

Benign Malignant
Osteochondroma Chondrosarcoma
Chondroma Primary chondrosarcoma

Enchondroma Secondary

Periosteal chondroma chondrosarcoma
Chondromyxoid fibroma Periosteal chondrosarcoma
Subungual exostosis and bizarre parosteal osteochondromatous | Dedifferentiated
proliferation chondrosarcoma
Synovial chondromatosis Mesenchymal
Chondroblastoma chondrosarcoma

Clear cell chondrosarcoma
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6.7.1 Benign Cartilaginous Tumours

Chondromas encompass a group of benign tumours that are thought to arise from
displaced embryonic growth plate cartilage [80]. They can be subdivided by the
location in which they arise: enchondromas, which involve the medullary cavity,
and periosteal chondromas, which arise on the surface of bone. Enchondromas typi-
cally involve the bones of the hand, while the much rarer periosteal chondroma
favours the long bones [81]. These tumours rarely exceed 5 cm in greater diameter
[82, 83]. As these tumours are treated by curettage rather than en bloc excision, they
are often received in fragments, and a gross description is therefore unavailable.
Microscopically, they appear as a hypocellular tumour of abundant blue hyaline
cartilage, which lack any evidence of atypia. Some cases of periosteal chondroma
demonstrate more cellularity and some nuclear pleomorphism. The main differen-
tial diagnosis for enchondromas is low-grade chondrosarcoma. Assessment of the
radiological and histological features is important in these cases to rule out features
of malignancy. Features suspicious of low-grade chondrosarcoma would include
new lucencies, periosteal reactions or soft tissue masses on imaging or hypercellu-
larity, atypia, mitoses and myxoid changes under the microscope [84].

Chondromyxoid fibroma is a very rare benign cartilaginous tumour [85]. While
its prognosis is very favourable, even for recurrent tumours, it can be misdiagnosed
as chondrosarcoma [80]. This tumour most commonly presents with the symptom
of pain and affects patients of any age but most commonly the second and third
decades of life [86—88]. The lesions are lobulated, semitranslucent and blue-grey in
colour, with well-circumscribed borders and clear separation from adjacent bone.
Histologically, the ill-defined lobules have a hypocellular centre of stellate or
spindle-shaped tumour cells in a chondromyxoid background [85].

6.7.2 Malignant Cartilaginous Tumours

Chondrosarcoma encompasses a heterogeneous class of cartilaginous bone tumours
that include conventional chondrosarcomas and rarer entities of dedifferentiated,
mesenchymal and clear cell chondrosarcoma. Conventional chondrosarcoma, unlike
conventional osteosarcoma, is a disease of adulthood and typically affects patients
in their fifth to seventh decades of life, with a slight male preponderance [89]. These
tumours can be further subdivided into primary conventional chondrosarcomas
(arise de novo), secondary central chondrosarcoma (arise from enchondroma) or
secondary peripheral chondrosarcoma (arise from osteochondroma). The most
common site of occurrence is the pelvis, although this tumour can arise at any site
that has undergone endochondral ossification [6]. Macroscopic examination of pri-
mary chondrosarcoma reveals a blue-white translucent mass with a lobular surface
that resembles hyaline cartilage. The tumour may involve the intramedullary space
or erupt through the cortex into adjacent soft tissues. At the microscopic level, lob-
ules of blue hyaline cartilage can be seen, along with atypical chondrocytes of vary-
ing sizes and shapes, which contain enlarged, hyperchromatic nuclei (Fig. 6.2).
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Fig. 6.2 Chondrosarcoma with malignant chondrocytes set in a chondroid matrix

Grading of primary chondrosarcomas [1 to 3] based on histological features can
provide important prognostic information about local recurrence and metastasis
[90, 91]. Grade 1 tumours demonstrate subtle atypia, with moderate cellularity and
plump, uniform nuclei. These tumours can be difficult to differentiate from enchon-
dromas [92, 93]. Grade 2 tumours demonstrate greater cellularity and more nuclear
atypia, often with mitotic figures and areas of necrosis. Grade 3 tumours are pleo-
morphic with increased cellularity and frequent mitoses against a chondroid matrix
background [94]. The most important differentials to exclude are enchondromas
and chondroblastic osteosarcomas. Radiological information, particularly destruc-
tion of the cortex, is a useful clue, and more recently, detection of IDH mutations by
immunohistochemistry has been used to confirm diagnosis [80, 95-97].

Rare variants of chondrosarcoma include dedifferentiated chondrosarcoma, mes-
enchymal chondrosarcoma and clear cell chondrosarcoma. These encompass dis-
tinct entities of tumours that display a chondrogenic line of differentiation but have
varying clinical characteristics and behaviours. Dedifferentiated chondrosarcoma
has a distinct biphasic morphology characterised by a low-grade chondrosarcoma
juxtaposed to an area of dedifferentiated, high-grade sarcoma of non-cartilaginous
histology [98, 99]. This subtype frequently metastasises to the lungs and confers
median survival of less than | year, making it the worst prognosis of the three chon-
drosarcoma variants described here [100-102]. Mesenchymal chondrosarcoma is
another biphasic tumour, comprising well-differentiated hyaline cartilage
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components amongst areas of poorly differentiated small round cells. This tumour
may be misdiagnosed as other small round blue cell tumours, such as Ewing sar-
coma. Immunohistochemistry may be useful in distinguishing mesenchymal chon-
drosarcoma from Ewing sarcoma, with the detection of SOX9 positivity with
negative FLI-1 staining [58, 103]. Clear cell chondrosarcoma is another variant that
shows the characteristic presence of tumour cells with clear cytoplasm and may be
mistaken for chondroblastoma, GCT and even renal cell carcinoma.
Immunohistochemistry is strongly positive for S100 and type II and X colla-
gens [104].

6.8  Fibrogenic Tumours

Fibrosarcoma of the bone describes a malignant tumour of fibroblastic differentia-
tion [6]. This tumour shares histological similarities with many other sarcomas,
including liposarcoma, rhabdomyosarcoma, synovial sarcoma, malignant periph-
eral nerve sheath tumour and fibromatosis. Given this confusion, previous epide-
miological studies are likely to have included non-fibrosarcomas and overestimated
its incidence [6, 105]. Macroscopic examination of fibrosarcomas demonstrates a
firm, collagenous mass with well-circumscribed borders. Histologically, the tumour
demonstrates a predominance of uniform spindle cells without significant pleomor-
phism, arranged in a distinctive fibrosarcomatous ‘herringbone’ pattern, which may
be present in other tumours. In order to make a diagnosis of fibrosarcoma, histologi-
cal and cytogenetic features must be further evaluated to exclude possible differen-
tial diagnoses. The tissue should firstly be evaluated for malignant osteoid or
cartilage, which would suggest a diagnosis of osteosarcoma or dedifferentiated
chondrosarcoma [6]. These lesions are aggressive, with risk of local recurrence and
lymph node and distant metastasis [106].

6.9 Giant Cell Tumour of the Bone

GCTs are named after the osteoclast-like giant cells that characterise its histology.
These benign, locally aggressive tumours represent approximately 20% of benign
bone tumours and 5% of all primary bone tumours, primarily presenting between 20
and 45 years of age [46, 107-110]. On gross examination, GCTs often lie in an
eccentric location within the bone, resulting in thinning of the cortex. The lesions
themselves are often well-defined and reddish-brown in colour due to the areas of
haemorrhage. Histological examination reveals the presence of many giant cells,
which resemble normal osteoclasts, with variable number of nuclei, prominent
nucleoli and eosinophilic cytoplasm. These multinuclear giant cells are evenly
spread amongst round-, oval- or spindle-shaped mononuclear cells. Mitotic activity
variable in GCT, however, the presence of atypical mitotic figures, would suggest a
differential diagnosis of another sarcoma or malignancy that is associated with giant
cells [6].
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The most common treatment for GCT is intralesional curettage; however, this
has reported recurrence rates of up to 40% [107, 111-114]. The local recurrence
rate declines with complete en bloc excision. One concern with local recurrence
is the increased risk of the so-called ‘benign’ pulmonary metastases, which occur
in approximately 2% of GCTs [115-117]. These pulmonary lesions respond well
to surgical treatment, while some have even shown spontaneous regression and,
however, still carry a risk of mortality if disease progression occurs [116,
118, 119].

It is known that the stromal tumour cells of GCT express high levels of receptor
activator of nuclear factor-kappa B ligand (RANKL) [120-125]. In normal tissue,
RANKL is produced by osteoblasts and binds to its receptor, RANK, which is found
on the surface of mature and precursor osteoclasts. The interaction between RANK
and RANKL plays a crucial role in the differentiation and activation of osteoclasts
[126—128]. In this way, through the RANK-RANKL interaction, the neoplastic stro-
mal cells in GCT are also able to induce the recruitment and formation of osteo-
clasts, a key component of its pathogenesis. Understanding this mechanism has
prompted the investigation into the utility denosumab, a monoclonal antibody to
RANKL, originally developed for the treatment of osteoporosis and metastatic bone
disease, as a chemotherapeutic agent for GCT [108, 124].

6.10 Ewing Sarcoma

Ewing sarcoma is a unique entity and is classified under ‘miscellaneous tumours’ in
the WHO classification of tumours of the bone [6]. This represents the second most
common type of bone sarcoma in childhood, primarily affecting patients in the sec-
ond decade of life [129]. Patients typically present with non-specific symptoms of
pain, fever, weight loss and leucocytosis, which can mimic osteomyelitis [130].
Over half of patients present with a mass in the affected area and few (16%) with a
pathological fracture [6]. Ewing sarcoma primarily affects the long bones of the
upper and lower limbs, although the pelvis, ribs and spine are also commonly impli-
cated [2, 131, 132]. Extraskeletal manifestations can also occur in Ewing sarcoma,
with up to 30% arising in the soft tissue [133].

Macroscopically, Ewing sarcoma is often a grey-tan mass with areas of haemor-
rhage and necrosis. The borders are destructive with infiltrative margins [134]. The
round cell morphology of Ewing sarcoma presents a diagnostic challenge as many
differential diagnoses, including soft tissue tumours and other non-sarcomatous
lesions, need to be considered. Ewing sarcoma can be subdivided into three groups
based on its histology: classical Ewing sarcoma, primitive neuroectodermal tumour
(PNET) and atypical Ewing sarcoma. Classical Ewing sarcoma, the most common
subtype, displays dense sheets of uniform, small round blue cells with pale pink
cytoplasm and indistinct cytoplasmic membranes (Fig. 6.3) [135]. Tumours with
evidence of neural differentiation are diagnosed as PNET. This involves either
detection of Homer-Wrist rosettes, which are clusters of cells arranged around a
solid neurofibrillary process, or positive staining for CD99 [136, 137]. Atypical
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Fig. 6.3 Ewing’s sarcoma with nests of small cells with scant cytoplasm replacing the bone

Ewing sarcoma is the term designated for any tumours that deviate from the descrip-
tion of classical Ewing sarcoma. Such deviations include nuclear pleomorphism,
irregular nuclear membranes or prominent nucleoli [135, 138-140].
Immunohistochemistry can be extremely useful in the assessment of Ewing sar-
coma. CD99 is a highly sensitive but non-specific marker in Ewing sarcoma, dem-
onstrating a strong, diffuse membranous pattern of staining [135, 138]. Notably,
however, other round cell tumours also demonstrate CD99 positivity, including
lymphomas, mesenchymal chondrosarcoma, small cell osteosarcoma and desmo-
plastic round cell tumour, which presents a potential diagnostic pitfall [56, 141—
143]. Other markers, including FLI-1 and ERG, are also non-specific markers that
demonstrate frequent positivity in Ewing sarcoma but also in lymphoma and other
sarcomas [57, 135, 144-146].

Cytogenetic analyses of Ewing sarcoma demonstrate a recurrent balanced trans-
location involving the EWSR1 gene on chromosome 22q12. The fusion partners are
referred to as the ETS family of transcriptional regulators, with the most common
being FLI-1, which accounts for 85-90% of all translocations [147-149]. Other
members of the ETS family include ERG, ETV and FEV [150-152]. Fluorescence
in situ hybridisation (FISH) or reverse transcriptase-polymerase chain reaction
(RT-PCR) can be used to detect these translocations, which may be particularly use-
ful in the differential diagnosis of small round blue cell tumours [153-156].
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6.11 Tumours of Haematopoietic Origin
6.11.1 Plasma Cell Myeloma (Multiple Myeloma)

Plasma cell myeloma (PCM), also known as multiple myeloma, is a haematological
malignancy that results from the clonal proliferation of plasma cells within the bone
marrow. It is one of the most common haematological malignancies, accounting for
approximately 15% of all cases [157]. This is primarily a disease of older age, with
the median age of diagnosis being 66-70 years [158—160]. The common bones
affected reflect the sites of normal haematopoietic cell production. This primarily
encompasses the axial skeleton, namely, the vertebrae, ribs, skull, pelvis, femur,
clavicle and scapula [161]. The infiltrative and lytic nature of PCM within the
affected bones results in the symptom of bone pain or a pathological fracture, as
well as hypercalcaemia and anaemia [162].

Diagnosis of PCM is currently based on the International Myeloma Working
Group (IMWG) criteria [163]. In addition to clinical assessment and laboratory
investigations, a bone marrow aspirate or biopsy is required to assess the plasma
cells. The WHO describes various morphological patterns encountered in PCM,
including interstitial, nodular, focal, obliterative and fibrous patterns [6]. In PCM,
the clonal plasma cells are typically well-differentiated, with characteristic round
nuclei that are located eccentrically in a cell with abundant basophilic cytoplasm
(Fig. 6.4). Immunohistochemical analysis demonstrates strong, uniform positivity

Fig. 6.4 Myeloma containing sheets of plasma cells
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Table 6.4 Summary of stage and criteria of Revised International Staging System (R-ISS) for
multiple myeloma [175]

Stage Criteria

I Serum f,-microglobulin <3.5 mg/L
Albumin >3.3 g/dL
Standard-risk chromosomal abnormalities

Normal LDH

1I Not stage I or III

I Serum f,-microglobulin <5.5 mg/L
High-risk chromosomal abnormalities: dell7p, t(4;14) or t(14;16)
High LDH

to plasmacytic markers CD138 (syndecan-1) [164-166], CD38 [167, 168] and
MUMI [169]. Quantification of the clonal plasma cells can be performed in multi-
ple ways. The traditional method involves the differential counting of May-Giemsa-
stained smears. More recent methods involve using CD138 immunostaining
[170-172] and flow cytometry [173]. Based on these investigations, the diagnosis of
PCM can be concluded if clonal plasma cell population comprises 10% or more of
the total cells in the bone marrow.

Staging of PCM is based on the International Staging System (ISS), which strati-
fies PCM into three prognostic groups. The initial ISS was based on the serum f3,-
microglobulin and albumin levels [174], and it has since been revised to include
additional biochemical and cytogenetic variables, as shown in Table 6.4 [175].

6.11.2 Solitary Plasmacytoma of the Bone

Solitary plasmacytoma of the bone (SPB) is also tumour of monoclonal plasma cells
that, unlike PCM, occurs in the absence of systemic manifestations. SPB occurs in
a slightly younger age group, with a median age of diagnosis of 55 years [176, 177].
Histologically, these lesions demonstrate a proliferation of plasma cells.
Immunohistochemistry is useful in identifying SPB in histologically ambiguous
cases [6]. The immunoprofile of SPB is similar to that of PCM, with strong positiv-
ity to CD138 and MUMI.

6.11.3 Primary Non-Hodgkin Lymphoma of the Bone

Primary lymphoma of the bone (PLB) is an uncommon bone tumour that accounts
for 7% of all bone malignancies [46, 178, 179]. It is defined as a malignant prolif-
eration of lymphoid cells, resulting in at least one mass within the bone, that occurs
in the absence of any lymph node involvement or any other extranodal lesions [6,
180, 181]. Patients, often between 40 and 55 years of age, present with local bone
pain, with or without an associated soft tissue mass or swelling [180]. The femur,
spine and pelvic bones are the most commonly affected sites [182, 183]. Diffuse
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large B-cell lymphoma (DLBCL) represents the greater proportion of PLB; how-
ever, others, such as follicular lymphoma, small cell lymphoma and anaplastic large
cell lymphoma, have also been described [182—185]. Gross descriptions of these
tumours are not widely understood, since needle biopsy is performed to confirm
diagnosis, followed by chemotherapy and radiotherapy as treatment. The histologi-
cal appearance of the tumour will reflect the type of lymphoma present. DLBL
demonstrates a characteristic destructive growth pattern centrally, which fills up the
marrow spaces between the bony trabeculae. The cells are pleomorphic with large,
irregular, multilobulated nucleoli. Immunohistochemistry demonstrates CD20 posi-
tivity in all primary lymphomas as it is a marker of B-cells. In DLBCL, PAXS is
also positive.

6.12 Langerhans Cell Histiocytosis

Langerhans cell histiocytosis (LCH) describes a group of benign bone tumours of
‘undefined neoplastic nature’ characterised by the clonal proliferation of Langerhans-
type cells. LCH affects people of all ages, though most common in those under
30 years of age, and is twice as likely to affect males as females [186, 187]. It is
known to arise in the bones of the skull, ribs, femur, pelvis and mandible, often
causing pain and swelling to the affected area. The tumour demonstrates a prolifera-
tion of Langerhans cells, which are medium to large cells with abundant eosino-
philic to clear cytoplasm and indistinct cytoplasmic borders. The nuclei are
oval-shaped and have prominent, irregular folds and grooves. These cells exist on a
background of inflammatory cells, including lymphocytes, eosinophils, neutrophils
and plasma cells. The presence of atypical mitosis and marked pleomorphism is an
unusual features and should raise suspicion for Langerhans cell sarcoma [188, 189].
Immunohistochemistry reveals positivity for dendritic markers CDla, S100 and
CD207 (langerin), which also reflects the immunoprofile of normal epidermal
Langerhans cells [190, 191]. Consideration of the histological and immunohisto-
chemical features can be extremely useful in separating LCH from its common
mimics. Common differential diagnoses include Rosai-Dorfman disease, which
does not express CD1a or CD207 [192, 193], and Erdheim-Chester disease, which
contains foamy histiocytes and is negative for CD1a and S100 [194, 195].
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Vanessa Tran and John Slavin

7.1 General Approach to Soft Tissue Tumours

The pathologist’s approach to a soft tissue tumour firstly involves understanding the
clinical and radiological situation. Knowledge of such features, in conjunction with
pathological assessment, allows for consideration of the likely differential diagno-
ses. Factors that are considered include the age of the patient (Table 7.1) and the size
and location of the (Table 7.2) It is also useful to know which tissue layer the tumour
has arisen within—if it is superficial, lies within the subcutaneous fat, is deep to the
deep fascia or is located intramuscularly. It is also important to obtain the patient’s
past medical history, as some tumours have associations or may be part of a syn-
drome. Neurofibromatosis-1 (NF-1), for example, is a genetic syndrome that is
associated with development of neurofibromas and malignant peripheral nerve
sheath tumours (MPNST) [1-3]. Familial adenomatous polyposis (FAP) is another
syndrome, caused by a germline mutation in the adenomatous polyposis coli (APC)
gene, that is associated with intra-abdominal desmoid fibromatosis [4—6]. Desmoid
fibromatosis is also associated with pregnancy and often occurs within the abdomi-
nal wall in this patient population [7-9].

7.2  Handling Biopsy Specimens

Initial sampling of tumours by core biopsy can provide enough tissue for diagnosis,
which includes the use of ancillary tests such as immunohistochemistry (IHC), flow
cytometry, molecular testing and cultures of micro-organisms. Fresh tissue is
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Table 7.1 Summary of common soft tissue tumours based on age of patient [183]

Age Soft tissue tumour

Infants (<3 years) Infantile fibrosarcoma
Inclusion body fibromatosis
Fibrous hamartoma of infancy

Lipoblastoma
Myofibroma
Paediatric Embryonal rhabdomyosarcoma
Extrarenal rhabdoid tumour
Adolescence and young adults Synovial sarcoma
(<30 years) Alveolar thabdomyosarcoma

Alveolar soft part sarcoma

Epithelioid sarcoma

Epithelioid haemangioendothelioma
Desmoplastic small round cell tumour
Low-grade fibromyxoid sarcoma
Myxoid liposarcoma

Inflammatory myofibroblastic sarcoma
Nodular fasciitis

Adults (<40 years) Clear cell sarcoma
Dermatofibrosarcoma protuberans
Epithelioid haemangioendothelioma
Fibroma of tendon sheath

Myositis ossificans

Adults (middle age) Intramuscular myxoma

Spindle cell lipoma

Liposarcoma well-differentiated and dedifferentiated
types

Extraskeletal myxoid chondrosarcoma
Solitary fibrous tumour

Elderly/older adults Atypical fibroxanthoma
Myofibrosarcoma
Undifferentiated pleomorphic sarcoma

required for cultures and flow cytometry, as well as some molecular analyses. Once
the tissue has been triaged, cores are fixed in formalin, processed and embedded in
paraffin wax. Tissue is then cut and stained with haematoxylin and eosin (H&E).
The tissue should be used sparingly to preserve remaining tissue for IHC or molecu-
lar testing. In some centres, fine needle aspiration (FNA) cytology is used. The
problems encountered for both core samples and FNA include difficulty sampling
the tumour, obtaining insufficient amount of tissue for testing and sampling areas of
necrosis or haemorrhage. Tumours that are heterogeneous or have areas of dedif-
ferentiation can also lead to diagnostic inaccuracies. Neural tumours and retroperi-
toneal liposarcomas, for example, often have variable areas. Sometimes, a definitive
diagnosis cannot be reached from the core sample, and some reports are limited to
descriptive information, such as “low-grade myxoid tumour, probably benign”. In
these circumstances, the type of re-biopsy required, whether a repeat core or local
excision, needs to be carefully considered. The core biopsy tract is often excised,
and the path of the biopsy needs consideration to avoid uninvolved tissue
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Table 7.2 Summary of common soft tissue tumours that arise in sites and locations of the
body [183]

Anatomical site Soft tissue tumour

Distal tumours (fingers, toes, palm) Fibromatosis

Fibroma of tendon sheath
Glomus tumour

Soft tissue chondroma
Epithelioid sarcoma

Limbs Myxoid liposarcoma
Well-differentiated liposarcoma
Synovial sarcoma

Girdle and trunk Fibromatosis

Elastofibroma (scapular)

Spindle cell lipoma (back of neck)
Dermatofibrosarcoma protuberans

Head and neck Embryonal rhabdomyosarcoma
Synovial sarcoma
Alveolar soft part sarcoma

Retroperitoneum Well-differentiated and dedifferentiated liposarcoma
Schwannoma
Perivascular epithelioid cell tumour (PEComa)
Intra-abdominal (mesentery, Fibromatosis
peritoneum) Desmoplastic small round cell tumour

Inflammatory myofibroblastic tumour
Gastrointestinal stromal tumour

compartments. Advantages of core biopsies include the ability to perform it as an
outpatient procedure, the low risk of morbidity and its ability to diagnose other
tumour types, including carcinoma, melanoma, lymphoma and infections.

7.3 Classification of Soft Tissue Tumours

Soft tissue tumours are diverse in their classification, and their behaviour is pre-
dicted by the diagnostic classification and tumour grade. Given that each tumour
subtype is unique in its clinical behaviour, prognosis and treatment, accurate diag-
nosis is essential. Soft tissue tumour behaviour can first be differentiated into
benign, intermediate or malignant types. Benign tumours often lack the ability to
invade surrounding tissues and respond favourable to treatment. Those with inter-
mediate biologic potential may be locally aggressive and carry a minimal risk for
metastasis, while malignant neoplasms are both locally aggressive and have meta-
static potential.

Classification of soft tissue tumours is based on the lineage of the tumour by
recognising the type of normal, differentiated mesenchymal tissue that the tumour
exhibits. This can be achieved by observing the appearance of the tumour on H&E
sections but may often require further immunohistochemical profiling and, in some
cases, molecular testing. Tumours can be subdivided into large groups based on dif-
ferentiation and morphology (Table 7.3). Within each group, there are benign,
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Table 7.3 Summary of classification of tumours based on line of differentiation [183]

Class Soft tissue tumour
Adipose Angiolipoma
Spindle cell lipoma
Liposarcoma (further subtypes)
Fibroblastic/ Fibroma tendon sheath

myofibroblastic

Desmoid-type fibromatosis
Solitary fibrous tumour
Myxofibrosarcoma

So-called fibrohistiocytic

Langerhans cell histiocytosis
Histiocytic sarcoma

Pericytic (perivascular)

Glomus tumour
Myofibroma
Angiomyoma

Smooth muscle tumours

Leiomyoma
Leiomyosarcoma

Skeletal muscle tumours

Rhabdomyoma
Rhabdomyosarcoma

Vascular tumours

Papillary endothelial hyperplasia
Haemangioma (subtypes)

Epithelioid tumours

Haemangioendothelioma
Angiosarcoma

Chondro-osseous
tumours

Synovial chondromatosis
Extraskeletal mesenchymal chondrosarcoma

Gastrointestinal stromal
tumours

Gastrointestinal stromal tumour

Nerve sheath tumours

Schwannoma

Neurofibroma

Granular cell tumour

Malignant peripheral nerve sheath tumour

Tumours of uncertain
differentiation

Myxoma

Myoepithelioma

Synovial sarcoma

Epithelioid sarcoma

Clear cell sarcoma

Alveolar soft part sarcoma
Extraskeletal myxoid sarcoma
Ewing’s sarcoma

Undifferentiated/
unclassified tumours

Undifferentiated pleomorphic sarcoma
Undifferentiated sarcomas with molecular changes (CIC-DUX4
translocation or BCOR-CCNB3 fusion-positive sarcoma)

intermediate and malignant subtypes, in addition to many morphologic variants
with diverse appearances. These include pleomorphic appearances, spindle cells,
epithelioid cells, round cells, biphasic and mixed patterns, myxoid changes, sclero-
sis and inflammatory changes. In cases where a line of differentiation is difficult to
determine, immunohistochemistry can be useful in determining the protein expres-
sion of the tumour cells that can indicate their lineage.
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7.4 Immunohistochemistry (IHC)

Immunoprofiles are not only useful in identifying the lineage of a tumour but also
in supporting the diagnosis of rare tumours or tumours that have occurred in unusual
situations or sites. The technique employs manufactured antibodies that bind to and
identify the proteins (antigens) expressed by cells. Technical aspects of this method
will influence its ability to detect an antigen in tumour tissue. Firstly, there needs to
be enough representative tissue that is well processed. Identifiable tumour tissue
needs to be present in the sample. In addition, controls are required to confirm that
the test has worked. There are a wide variety of antibodies available, and these are
used in a panel to distinguish between histologically similar tumours with different
immunoprofiles.

Pleomorphic carcinoma, melanoma and pleomorphic sarcoma are three dis-
tinct types of tumours that can appear histologically similar under the micro-
scope. They can be distinguished, however, based on their differing
immunoprofiles. Epithelial markers, such as keratin, are expressed in majority
of carcinomas [10], whereas markers S100 and Melan A are found in melanoma.
In the case of pleomorphic sarcoma, on the other hand, no specific expression
should be seen.

One limitation with IHC is the overlap in tumour immunoprofiles, and the mark-
ers used have variable specificity and sensitivity. In addition, there can be patchy
expression of the antigen within the tumour, so a negative result may be due to a
sampling issue. Interpretation of IHC stains requires knowledge of the staining pat-
tern of the antibody and the expected result for each disease.

In some tumours, there is a characteristic staining pattern and localisation that
can be detected. In Ewing’s sarcoma, for example, IHC for CD99 characteristically
shows strong, diffusely positive staining of the cell membrane [11, 12], whereas in
solitary fibrous tumours, staining of STAT6 demonstrates strong nuclear expression
[13, 14]. In smooth muscle tumours, on the other hand, staining for smooth muscle
actin (SMA) is seen in the cytoplasm of cells [15, 16]. Another immunohistochemi-
cal marker, INI1 (SMARCBJ1), is expressed in the nucleus of normal cells but is
often absent in tumours such as malignant rhabdoid tumours and epithelioid sar-
coma [17].

7.4.1 Epithelial Markers

Keratins are widely expressed in epithelial cells and are encountered in some soft
tissue tumours. These markers are necessary in the diagnosis of epithelioid sarcoma
[18], synovial sarcoma [19-22] and desmoplastic round cell tumour [23, 24].
Positivity is also often encountered in tumours including epithelioid angiosarcoma
[25], leiomyosarcoma [26] and rhabdomyosarcoma [27].
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7.4.2 Myogenic Markers

Various muscular markers are useful in identifying smooth muscle and skeletal
muscle tumours. Smooth muscle markers include smooth muscle actin (SMA) and
muscle-specific actin (HHF35). SMA is almost invariably positive in smooth mus-
cle tumours, benign and malignant [28-30]. It is also seen in myofibroblastic, myo-
epithelial and glomus tumours [28]. HHF35, on the other hand, is a monoclonal
antibody against muscle actin that stains rhabdomyosarcomas [31]. Desmin is
another myogenic marker that is positive in both smooth and skeletal muscle lin-
eages, as well as myofibroblastic lesions and desmoplastic small round cell tumours
[23, 32, 33]. In order to support smooth muscle differentiation, h-caldesmon can be
used as it is negative for myofibroblastic and skeletal muscle tumours [34]. Skeletal
muscle markers include myogenin and MyoD1, which are skeletal muscle-specific
transcription factors that show nuclear positivity in rhabdomyosarcoma [35].

7.4.3 Endothelial (Vascular) Markers

CD31 and CD34 are useful markers in identifying vascular tumours. CD34 is nor-
mally expressed in vascular endothelial cells, although stains many soft tissue
tumours, such as vascular tumours, dermatofibrosarcoma protuberans (DFSP), soli-
tary fibrous tumour, peripheral nerve sheath tumours (PNSTs) and epithelioid sar-
coma [36]. CD31 is a more specific and sensitive endothelial marker than CD34. Its
positivity is indicative of malignant vascular tumours, such as epithelioid haeman-
gioma, angiosarcoma and Kaposi’s sarcoma [37, 38]. More recently, the ETS family
transcription factors, ERG and FLI-1, have been shown to stain vascular tumours
[39, 40]. D2-40 is a novel marker for lymphatic endothelium that stains positively
in Kaposi’s sarcoma and other vascular lesions [41, 42].

7.4.4 Neural Crest/Melanoma Markers

Neural crest markers are best used in panels as these markers are non-specific and
positive in various tumours, including PNST, clear cell sarcoma and melanoma.
S100, for example, is positive in schwannomas but also stains other peripheral nerve
tumours, including neurofibroma, granular cell tumour and malignant PNST
tumours [43—45]. In addition, they have demonstrated positivity in melanoma [46],
clear cell sarcoma [47, 48], extraskeletal myxoid chondrosarcoma [49, 50] and
myoepithelioma [44, 51, 52]. Other markers, Melan-A, MiTF and HMB45 all dem-
onstrate positivity in melanoma, PEComa and clear cell sarcoma [53-56]. SOX10
stains melanoma, benign and malignant PNSTs and myoepithelioma, while
H3K27me3 shows loss of nuclear staining in malignant peripheral nerve sheath
tumours [57]. Despite their non-specific staining, the use of a panel of neural crest
markers can be diagnostically valuable.
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7.4.5 Other Useful Markers

There are also a number of other markers that are useful in the diagnosis of soft tis-
sue tumours. TLEI is a marker that shows strong, diffuse nuclear expression in
synovial sarcoma [58, 59]. It demonstrates reasonable specificity for synovial sar-
coma; however it is also seen in other tumours, such as solitary fibrous tumour and
malignant peripheral nerve sheath tumour [60]. STAT6 is a highly specific marker
for solitary fibrous tumour [61]. In the diagnosis of gastrointestinal tumours, DOG1
and cKIT are useful markers [62-65].

7.5 Grading Sarcoma

In conjunction with histologic classification, tumours are graded to predict the out-
come and risk of metastases in soft tissue sarcomas. The most commonly used grad-
ing system is the French Federation of Cancer Centers Sarcoma Group (FNCLCC)
grading system. This scores three histologic factors—(1) degree of cellular differen-
tiation, (2) mitotic rate and (3) percentage of necrosis. Each factor is scored and the
total determines the grade (Table 7.4).

7.6  Problems and Limitations of Grading
There are multiple limitations to grading soft tissue tumours. Firstly, the heteroge-
neity of some tumours can lead to sampling errors, and core biopsies may not be

representative of the whole tumour. Cellular differentiation and mitotic areas can

Table 7.4 Summary of criteria and scoring matrix for FNCLCC grading system [184]

Differentiation scores
Score 1 | Well-differentiated tumours resembling normal mesenchymal tissue
Score 2 | The histologic type is certain

Score 3 | Embryonal and undifferentiated sarcomas, synovial sarcoma and sarcomas of
uncertain differentiation

Mitotic rate scores (mitoses per 10 high-power fields)

Score 1 | 0-9 mitoses

Score 2 | 10—19 mitoses

Score 3 | >19 mitoses

Tumour necrosis score

Score 1 | No necrosis

Score 2 | Necrosis <50% of total tumour volume
Score 3 | Necrosis >50% of total tumour volume

Histologic grade

Grade 1 | Total score: 2-3
Grade 2 | Total score: 4-5
Grade 3 | Total score: 6-8
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vary throughout a tumour and may therefore not be accurately captured through
core sampling. Necrotic areas may also be under-represented as these areas tend to
be avoided to target viable tumour that carries diagnostic value. Resection speci-
mens that have received preoperative radiotherapy or chemotherapy often show
altered histology that cannot be accurately graded.

In some tumours, histologic classification defines the grade of the tumour. For
example, infantile fibrosarcoma, well-differentiated liposarcoma and standard der-
matofibrosarcoma protuberans are, by definition, Grade 1. Angiosarcoma, Ewing’s
sarcoma, embryonal and alveolar rhabdomyosarcoma, malignant rhabdoid tumours
and mesenchymal chondrosarcoma, on the other hand, are high-grade tumours. In
some tumours, grading adds little value. Examples of these include alveolar soft
part sarcoma, epithelioid sarcoma, clear cell sarcoma and extraskeletal myxoid
chondrosarcoma.

7.7  Sarcoma Staging

The American Joint Committee on Cancer (AJCC) uses the Tumour Node Metastasis
(TNM) classification for soft tissue sarcomas of the trunk, extremities and retroperi-
toneum, with separate criteria for other sites. Recently, the AJCC has added Grade
to produce Anatomic Stage/Prognostic groups (Tables 7.5 and 7.6).

7.8 Diagnostic Approach to Soft Tissue Tumours
with Overlap Patterns

The histologic pattern of different soft tissue tumours can often overlap and be
source of confusion in diagnosis. When assessing the pathology of a tumour, the
first step is to identify the pattern of the tumour to create a list of differentials.

Table 7.5 Summary of crite- T category
ria for TNM classification for Tx
primary tumour [185]

Primary tumour cannot be assessed

TO No evidence of primary tumour

T1 Tumour 5 cm or less

T2 Tumour greater than 5 cm and less than
or equal to 10 cm

T3 Tumour greater than 10 cm and less
than or equal to 15 cm

T4 Tumour greater than 15 cm

Regional nodes

NO No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis

MO No distant metastasis

M1 Distant metastasis
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Table 7.6 Summary of criteria for AJCC Prognostic Stage Group [186]

T N M G (grade) Stage Group
T1 NO MO Gl, GX 1A

T2, T3, T4 NO MO Gl1, GX 1B

T1 NO MO G2, G3 11

T2 NO MO G2,G3 IIIA

T3, T4 NO MO G2, G3 1B

Any T N1 MO Any G v

Any T NO Ml Any G v

GX Grade cannot be assessed

Common overlap patterns include spindle cell, epithelioid, round cell, pleomorphic,
biphasic/mixed and myxoid tumours. After the histological features are determined,
further ancillary tests can be applied to inform the diagnosis. This section will dis-
cuss each morphological pattern and their associated differentials.

7.9 Spindle Cell Pattern

Spindle cell lesions can be of both mesenchymal and non-mesenchymal lineage.
Non-mesenchymal lesions include spindle cell carcinoma and melanoma.
Mesenchymal tumours with a spindle cell pattern are very common and can be fur-
ther subdivided into reactive, benign or malignant proliferations. Examples of spin-
dle cell tumours are smooth muscle tumours, nerve sheath tumours, nodular fasciitis,
solitary fibrous tumour, synovial sarcoma, dermatofibrosarcoma protuberans and
fibromatosis. Given the vast and diverse differentials within the spindle cell group
of tumours, other histological factors must be assessed to determine the correct
diagnosis. This includes consideration of the architectural arrangement of the cells,
the growth pattern, associated vascular pattern, background stroma or matrix, mito-
ses and necrosis [66].

Typically, smooth muscle tumours will have eosinophilic cytoplasm and blunt-
ended cigar-shaped nuclei with variable nuclear atypia (Fig. 7.1). The cells are
arranged in bundles or fascicles and are often perpendicular to one another. The
tumours can be well-circumscribed or infiltrative and can show associated myxoid,
hyaline and calcific change. Assessing mitoses and necrosis is important in distin-
guishing leiomyoma from leiomyosarcoma [66].

Cutaneous leiomyomas (CLMs) can be associated with hereditary leiomyomato-
sis and renal cell cancer (HLRCC) syndrome and, in this context, may appear as
multiple lesions [67, 68]. Deep, non-uterine soft tissue leiomyosarcoma can arise
from femoral or retroperitoneal vessels, such as the inferior vena cava [69, 70].

Schwannoma is a well-circumscribed, encapsulated mass arising eccentrically
from a nerve. Histologically, it exhibits plump spindle cells arranged in variable
cellular fascicles with hypercellular areas (Antoni A) and hypocellular areas
(Antoni B). These cells have indistinct cytoplasmic borders and focal nuclear
atypical with some pseudonuclear inclusions [71]. The atypia can be marked in
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Fig. 7.1 Leiomyosarcoma containing spindle cells with “cigar-shaped” nuclei and strap-like
eosinophilic cytoplasm

“ancient” schwannomas, which are tumours that show extensive degenerative
changes [72]. Nuclear palisading can also often be seen [71]. Thick-walled, hya-
linised vessels with areas of haemosiderin deposition and focal chronic inflamma-
tion are often present in the stroma. Schwannomas can be painful and present at
any age, often located in the upper and lower extremities, retroperitoneum, poste-
rior mediastinum and head and neck regions [66]. Most schwannomas are spo-
radic, though some are associated with neurofibromatosis and schwannomatosis
[73, 74].

Dermatofibrosarcoma protuberans (DFSP) is an infiltrative, ill-defined, spindle
cell proliferation involving the dermis and subcutaneous fat. It extends along fibrous
septa within the subcutis, entrapping fat and infiltrating skeletal muscle. The uni-
form cells are arranged in a storiform pattern and have mild nuclear enlargement
and atypia [66, 75]. In some DFSP, intracytoplasmic melanin can be seen [76]. The
stroma is usually collagenous, sometimes with myxoid change [77]. IHC staining
shows the cells are strongly and diffusely positive for CD34 [78]. There can be pro-
gression to a higher grade with fibrosarcomatous transformation, where there is
increased cellularity, fascicular or herringbone pattern, more pronounced nuclear
atypia, increased mitotic activity and the presence of necrosis [79]. DFSP occurs on
the trunk and extremities as a slow-growing nodular mass in young to middle-aged
adults [80]. Local recurrences are common and can be multicentric if the lesion is
not completely and widely excised [8§1-83]. Due to the infiltrative growth pattern of
the lesion, the full extent of disease can often be difficult to assess, as its spread
along fibrous septa cannot be easily visualised or palpated. Metastasis in conven-
tional DFSP is rare; however fibrosarcomatous transformation is associated with
increased metastatic risk. DFSP harbours a characteristic t(17;22) translocation that



7 Soft Tissue Tumour Pathology 103

results in a COL1A-PDGEFB fusion [84, 85]. This makes the tumour sensitive to the
tyrosine kinase receptor inhibitor, imatinib [86, 87].

Fibromatosis has an infiltrative growth pattern comprised of bland, uniform,
elongated spindle cells with thin, elongated, tapering nuclei. The cells are arranged
in sweeping fascicles and set in collagenous stroma. There is a vague nodularity,
and in certain places, prominent small vessels stand out [66]. IHC demonstrates
nuclear positivity with beta-catenin and some cytoplasmic SMA positivity [88, 89].
Sporadic deep fibromatoses have somatic mutations in CTNNB1 gene [90].
Germline mutations in the APC gene are seen in FAP/Gardner syndrome [91].
Fibromatosis presents in both superficial (palmar or plantar) or deep sites, where
they can involve the abdominal wall (rectus abdominis muscle), extra-abdominal
(shoulder, pelvis, chest wall, proximal limbs, axilla and head and neck) and intra-
abdominal sites (mesentery and pelvis) [66]. They are locally aggressive with vari-
able rate of growth. Up to 5% of tumours can be multicentric, often within the same
region or limb, but do not metastasise [92-94].

Solitary fibrous tumours (SFT) are comprised of a variable mix of spindle cells
and collagenous stroma. The cells are rounded to spindle shaped with scant cyto-
plasm and uniform appearance. The nuclei are uniform and oval and have vesicular
chromatin. The cells are arranged in small clusters and short fascicles with non-
specific, “patternless” architecture. Thin-walled vessels have a staghorn branching
appearance, with other thicker-walled vessels showing hyalinised walls [66, 95].
IHC demonstrates CD34 and STATG6 positivity [13, 14]. SFT commonly carries a
NAB2-STAT6 gene fusion resulting in upregulation of STAT6 [96]. SFT is a slow-
growing mass of the deep tissue in the extremities, retroperitoneum, pleura and
visceral organs [97, 98]. Prognostic factors include age, size greater than 15 cm,
mitotic index greater than 4 per 10 high-power fields (HPF) and necrosis [66, 99].
Dedifferentiation areas can show loss of CD34 staining [100].

Synovial sarcoma is a monotonous spindle cell proliferation with variable epi-
thelial differentiation. The tumour may be monophasic with a predominance of
spindle cells, biphasic with prominent epithelial appearance or poorly differentiated
cellular proliferation with small round to spindle-shaped cells [101]. The cells have
indistinct cytoplasm and uniform crowding and overlapping nuclei in short fascicles
(Fig. 7.2). Wiry or hyalinised collagenous stroma with calcification is relatively
commonly seen. Ectatic thin-walled vessels with staghorn branching pattern are
common. IHC staining for cytokeratin subtypes CK7 and CK19 is almost exclusive
to synovial sarcoma, though not expressed in all cases [102]. EMA is positive in
epithelial areas and expressed in almost all synovial sarcoma but lacks specificity
[101, 103]. CD34 and desmin are typically negative [104]. S100 can be positive in
some cases, which may confuse the diagnosis for MPNST [22, 105, 106]. TLE1
showing strong diffuse nuclear expression is seen in virtually all synovial sarcoma
but is also seen in some malignant nerve sheath tumours and solitary fibrous tumours
[58, 60, 107]. A characteristic balanced translocation t(x;18) results in a SS18-SSX
fusion oncogene [108, 109], with some variation in SS18’s partner, being SSX1,
SSX2 or other unusual variants [110-112]. Detection methods include cytogenetic
karyotyping, FISH or reverse polymerase chain reaction (RT-PCR) [109, 113, 114].
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Fig. 7.2 Synovial sarcoma with uniform, monotonous spindle cells arranged in short fascicles

Synovial sarcoma often presents as a slow-growing, sometimes painful, mass, usu-
ally located in deep soft tissue of the extremities, often the popliteal fossa close to a
neurovascular bundle, the pleura or the head and neck region [115]. Metastases,
which can occur years to decades later, typically appear in the lung, bone and rarely
lymph nodes [115].

7.10 Epithelioid Mesenchymal Tumours

Soft tissue tumours with large polygonal or small cells may resemble carcinoma,
melanoma or large lymphoma, and these therefore need to be excluded. In addition,
there are epithelioid variants of mesenchymal tumours, including leiomyosarcoma,
fibrosarcoma, GIST and vascular and neural tumours.

Epithelioid sarcoma (ES) is composed of epithelioid cells with abundant eosino-
philic cytoplasm, vesicular nuclei with small nucleoli and a collagenous stroma.
The cells are arranged in small aggregates and form nodules, often with areas of
central necrosis, which give a pseudo-granulomatous appearance. Vascular and
perineural infiltration is often seen. There is low mitotic activity and calcification
may be present. IHC shows cells to be reactive to keratins and EMA. CD34 is posi-
tive in up to 50% of cases. The SMARCBI1 (INI1) tumour suppressor gene is inac-
tivated in ES, and IHC for INI1 shows loss of nuclear staining. Conventional ES
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presents as a firm slow-growing nodule in the skin (hands, wrist and forearm) of
young adults. A proximal variant, involving the pelvis or axilla, occurs in an older
age group and carries a worse prognosis. Local recurrence is common and may be
seen more proximally in the affected limb and is reduced by wide excision. ES can
have a protracted course over many years.

Alveolar soft part sarcoma (ASPS) shows large epithelioid cells with abundant
cytoplasm that may be eosinophilic, granular or clear. The cells can be arranged
in nests, which can be solid, or the cells are discohesive and form the alveolar pat-
tern. The nests are surrounded by thin wall vessels. PAS-positive, diastase-resis-
tant intracytoplasmic granules and crystals can be demonstrated. IHC staining is
used to rule out other differentials; however TFE3 is often positive in ASPS. ASPS
has a characteristic unbalanced t(X;17) translocation with TLE3 fusing with
ASPSCRI.

7.11  Round Cell Mesenchymal Tumours

Round cell malignancies include both mesenchymal and non-mesenchymal
tumours. Non-mesenchymal tumours include lymphoma, melanoma and some car-
cinomas (Merkel cell and small cell carcinoma). Mesenchymal round cell tumours
include rhabdomyosarcoma, neuroblastoma, desmoplastic small round cell tumour,
poorly differentiated synovial sarcoma, Ewing’s sarcoma and undifferentiated
round cell sarcomas (previously called Ewing-like/atypical Ewing), CIC-
rearranged sarcoma and BCOR-rearranged sarcoma [66]. Round cell areas can be
seen in myxoid liposarcoma and mesenchymal chondrosarcoma. There is a major
role for IHC and molecular typing in this category of tumours [116, 117]. These
tumours often occur in children and younger adults and therefore have different
treatment protocols [66].

Rhabdomyosarcoma is the most common soft tissue sarcoma in children [118,
119]. Subtypes include alveolar, embryonal, spindle cell/sclerosing and pleomor-
phic [120]. Alveolar rhabdomyosarcoma (ARMS) shows highly cellular nests and
sheets of round cells with fibrous septa and loss of cellular cohesion that form alve-
olar spaces. Some cells have elongated strap-like shape with the appearance of rhab-
domyoblasts. Wreath-like multinucleated giant cells can also be seen. Mitoses are
prominent and necrosis may be seen. IHC demonstrates desmin positivity [121,
122]. Newer markers, myogenin and MyoD1, show nuclear positivity and are highly
specific for RMS [35, 123-125]. Approximately 80% of ARMS have chromosomal
translocations t(2;13) and t(1;13) resulting in FOX01 fusion with either PAX3 or
PAX7. FOX01-PAX3 fusion has shown worse prognosis than a PAX7 fusion [126].
These tumours occur as a rapidly enlarging mass in adolescents/young adults in the
deep soft tissue of extremities, paraspinal areas and head and neck. Embryonal
rhabdomyosarcomas (ERMS) are more common than ARMS and occur in the
younger age group, most commonly in the first decade of life. It is often located in
the urogenital tract or head and neck sites.
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7.12 Myxoid Tumours

Myxoid tumours of the soft tissue are a broad, heterogeneous group of tumours that
are characterised by their abundance of extracellular matrix. These tumours range
from benign lesions, such as myxoma, angiomyxoma and myoepithelioma, to
malignant tumours, such as extraskeletal myxoid chondrosarcoma, low-grade fibro-
myxoid sarcoma and myxofibrosarcoma. The significant overlap in morphological
features can often present a diagnostic challenge for pathologists. In addition, there
are some non-myxoid tumours that can sometimes show a myxoid stroma under the
microscope, such as PNSTs, DFSP, synovial sarcoma and SFT. Due to the wide-
ranging clinical behaviours and different treatment courses, accurate diagnosis is
essential in ensuring appropriate management. Thus, the incorporation of ancillary
techniques such as IHC and cytogenetics can provide valuable information.

Low-grade fibromyxoid sarcoma (LGEFMS) is a rather innocuous-appearing
tumour that carries a deceptive risk of local recurrence and metastasis [127, 128]. It
typically appears as a painless, large mass in the deep soft tissues of young to
middle-aged patients [127-129]. The tumour is often a well-circumscribed lesion
that demonstrates spindle cells of uniform appearance without nuclear atypia and
few mitoses. A subset of these lesions show areas of palisading epithelioid cells sur-
rounding a core of dense collagen core, forming characteristic “giant rosettes” [129,
130]. Immunohistochemically, MUC4 is a useful marker given its high sensitivity
and specificity for LGFMS [131]. Majority of all cases harbour a characteristic
t(7;16)(q34;p11) translocation resulting in the FUS-CREB3L2 fusion product [132].

Myxofibrosarcoma is a malignant myxoid tumour that commonly arises in the
upper and lower limbs of elderly patients, with a slight male preponderance [133—
136]. It has also been described in the trunk and head and neck regions and, less
commonly, the skin, breast, heart and paratesticular areas [136]. It most commonly
presents as a painless, slowly enlarging mass, most often within the subcutaneous
tissue. Macroscopically, it appears as a multinodular grey-white mass with infiltra-
tive margins [137]. Histological examination demonstrates a background of myxoid
stroma containing few spindle or pleomorphic cells with small, hyperchromatic
nuclei. Pseudolipoblasts may be encountered [66, 137]. Blood vessels take a char-
acteristic thin-walled curvilinear shape, which can be useful for diagnosis [133,
134]. IHC is of limited use in diagnosing myxofibrosarcoma but may be useful to
exclude other tumour types [66].

7.13 Adipocytic Tumours

Adipocytic tumours comprise a large group of heterogeneous tumours that display
various pathological appearances and distinct clinical behaviours. These tumours
can often present diagnostic challenges due to their overlapping features on histol-
ogy. Benign fatty tumours include areas of fat necrosis, angiolipoma, hibernoma
(brown fat), spindle cell lipoma, intramuscular lipoma and lipoblastoma.
Angiolipomas often appear as multiple lesions and may be painful, particularly on
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palpation [138, 139]. Spindle cell lipomas often present on the upper back and neck
of middle-aged males [140-142], while lipoblastomas typically present on the
extremities of infants [143—145]. Liposarcomas are malignant adipocytic lesions
that generally present as a large mass within the deeper tissue planes in adult
patients. They tend to occur in the extremities, retroperitoneum and spermatic cord
[146, 147]. There are various subtypes of liposarcomas, which have different patho-
logical appearances and clinical behaviours. Adipose tissue may also be a compo-
nent of other tumours such as angiomyolipoma, solitary fibrous tumour and
angiomyofibroblastoma, adding to the complexity in diagnosing these lesions.

Well-differentiated liposarcomas (WDLPS) are one of the most common soft
tissue neoplasms [148, 149]. Histologically, these lesions often demonstrate mature
adipocytes with variable cell size and atypical, enlarged, hyperchromatic nuclei.
There are often thickened fibrous septa that contain atypical spindle cells with
enlarged hyperchromatic nuclei. Lipoblasts can sometimes be encountered, though
their presence is not essential for diagnosis. Sclerosing liposarcoma shows abundant
collagenous tissue [148]. Oftentimes, however, the tumours display lipoma-like fea-
tures or lack cytologic atypia which makes the distinction of WDLPS from lipoma
difficult. In these situations, ancillary molecular techniques are useful. WDLPS
have characteristic ring or giant marker chromosome, which consistently harbour
amplified sequences of the murine double minute 2 (MDM?2) gene [150-152]. The
gold-standard detection method for MDM?2 amplification is FISH, and this can help
to distinguish WDLPS from lipoma in ambiguous cases [85, 153-156]. WDLPS are
low-grade tumours which carry a risk of local recurrence but lack metastatic poten-
tial [157]. However, there is also risk of dedifferentiation, particularly in retroperi-
toneal WDLPS [158-160].

Dedifferentiated liposarcoma (DDLPS) occurs when a WDLPS contains a spin-
dle cell non-lipogenic sarcomatous component (Fig. 7.3). The dedifferentiated areas
will show MDM?2 amplification, which helps to distinguish DDLPS from other sar-
coma types [161]. DDLPS has a 40-60% risk of local recurrence and, unlike
WDLPS, has shown to metastasise in 15-20% of cases [159, 162].

Myxoid liposarcomas, which also include round cell liposarcomas, occur in the
deep tissues of the extremities in young to middle-aged adults [163, 164]. The typi-
cal histological appearance shows myxoid stroma with mucin pools and thin branch-
ing capillary vessels described as “chicken wire” pattern. There is variable cellularity
with hypocellular bland spindle cells, accompanied by uni- or bi-vacuolated lipo-
blasts. The presence of a round cell component, which demonstrates hypercellular
sheets of undifferentiated round cells, represents a higher-grade tumour. When this
comprises more than 5% of the total tumour, this confers a worse prognosis [165].
Metastatic disease has a unique non-pulmonary pattern and is common within the
bone and soft tissues, including the retroperitoneum [166]. Immunohistochemically,
the tumours can be S100 positive [167]. In 90% of cases, they demonstrate a char-
acteristic t(12;16) translocation involving the DDIT3 and FUS genes [167-169].

Pleomorphic liposarcomas are aggressive neoplasms, which appear in the deep
soft tissues of the extremities and retroperitoneum, typically in an older patient cohort
[170-172]. Histological appearance is of a high grade, markedly pleomorphic tumour
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Fig. 7.3 Dedifferentiated liposarcoma showing a characteristic non-lipogenic, markedly atypical
sarcomatous component (above) directly next to well-differentiated, fatty areas with mildly
enlarged, hyperchromatic nuclei

with lipoblasts that have markedly atypical and bizarre nuclei. Unlike DDLPS, these
tumours lack a well-differentiated component. Immunohistochemically, the lipoblasts
are often S100 positive [171, 173]. The chromosomes demonstrate complex, non-
specific changes [174]. Pleomorphic liposarcomas have an infiltrative growth pattern
that is commonly associated with local recurrence and metastasis to the lungs, with an
overall 5-year survival of approximately 50-60% [171, 172].

7.14 Undifferentiated Tumours

Undifferentiated or unclassified tumours encompass a subset of tumours that dis-
play markedly atypical cells in the absence of any obvious line of differentiation on
histology. A prominent example of these tumours is undifferentiated pleomorphic
sarcoma (UPS), a highly aggressive tumour that accounts for 5—10% of all sarcomas
arising in adults [175—177]. Previously, UPS belonged to larger entity called malig-
nant fibrous histiocytoma (MFH), a diagnosis previously given to poorly differenti-
ated mesenchymal tumours that could not be otherwise classified [178]. With the
addition of ancillary testing, it is now understood that MFH encompassed a
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heterogeneous group of both mesenchymal and non-mesenchymal tumours, which
shared similar histological features [175]. Nowadays, UPS is typically the diagnosis
of exclusion for undifferentiated mesenchymal tumours, following immunohisto-
chemical interrogation for other sarcoma entities [175, 176].

UPS arise in the deep soft tissue compartments, most commonly in the lower
limbs, upper limbs and trunk [177, 179, 180]. While a small proportion were thought
to arise in the retroperitoneum, it has been shown that most undifferentiated tumours
of the retroperitoneum are, in fact, DDLPS [181]. Histologically, UPS contain a
heterogeneous collection of atypical cells, varying from spindle-shaped to epitheli-
oid or round cells, arranged in a storiform, fascicular or nested pattern (Fig. 7.4).
The nuclei are often pleomorphic and demonstrate both typical and atypical mitotic
activity. An inflammatory infiltrate is common, along with the presence of multi-
nucleated, osteoclastic giant cells. [HC is essential in ruling out histologic mimics,
such as other high-grade sarcomas, including myxofibrosarcoma, pleomorphic leio-
myosarcoma, pleomorphic liposarcoma or DDLPS [175, 176]. Cytogenetic testing
of UPS and its mimics, with the exception of DDLPS, adds minimal diagnostic
value as these tumours all demonstrate a non-specific, complex karyotype [182]. In
the diagnosis of undifferentiated tumours, adequate tissue sampling is essential to
overcome tumour heterogeneity and ensure accurate diagnosis.

Fig. 7.4 Undifferentiated pleomorphic sarcoma containing markedly atypical cells with no obvi-
ous differentiating features
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Vanessa Tran and John Slavin

8.1 Introduction

Immunohistochemistry (IHC) is an indispensable tool in the diagnosis of sarcomas.
Sarcomas are a vast, diverse and complex group of neoplasms arising from mesen-
chymal origin. They present a diagnostic challenge as they are rare and have many
overlapping appearances under the microscope. Accurate diagnosis of sarcomas is
necessary for deciding management and prognostication of the disease. Historically,
the categorisation of sarcomas has been based on their presumed line of differentia-
tion [1, 2]. In some cases, the histomorphology is straightforward and distinct; how-
ever, in other cases, the histogenesis can be ambiguous, and further investigation is
required to assist with the diagnosis [3]. To compound this, benign mesenchymal
lesions and non-sarcomatous tumours are frequently encountered as differential
diagnoses to sarcomas and thus present an additional diagnostic challenge [4]. The
use of ancillary pathological techniques, therefore, is essential in the evaluation of
mesenchymal tumour samples. IHC is a microscopy-based method that utilises
immunological and biochemical principles to detect protein expression in tumour
cells. Since its discovery in 1942, IHC has progressively improved through develop-
ment of new antibodies. Nowadays, it has established itself as a valuable adjunctive
step in the pathological diagnosis of surgical specimens of bone and soft tissue
tumours.

V. Tran (<)
Department of Surgery, University of Melbourne, Melbourne, VIC, Australia

J. Slavin

Department of Anatomical Pathology, St. Vincent’s Hospital Melbourne,
Melbourne, VIC, Australia

e-mail: john.slavin@svha.org.au

© Springer Nature Singapore Pte Ltd. 2021 119
P. E. M. Choong (ed.), Sarcoma, https://doi.org/10.1007/978-981-15-9414-4_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-9414-4_8&domain=pdf
https://doi.org/10.1007/978-981-15-9414-4_8#DOI
mailto:john.slavin@svha.org.au

120 V. Tran and J. Slavin

8.2  History of IHC: “Putting Tail Lights on Antibodies”

While ITHC was discovered by Dr. Albert Coons in 1942, the story of its develop-
ment is vast and involves the contribution of many scientists. Its inception can be
traced back to the late 1800s, when Dr. Emil von Behring first described antibodies
in the context of passive immunisation against diphtheria and tetanus and success-
fully treated his first patient [5]. It was through this work that earned him the first
Nobel Prize in physiology and medicine in 1901 [6]. Following this, many other
scientists contributed to research into antigen-antibody interactions, including
Professor Paul Ehrlich, who further characterised the antigen-antibody interaction
[7]; Dr. Kraus, who developed the precipitin test, a technique for detecting antigen-
antibody complexes in solution [8]; and Dr. John Marrack, who attached dye to
antibodies in order to visualise these complexes [9].

One important catalyst in the development of IHC occurred in the early 1920s,
when Michael Heidelberger and Oswald Avery produced coloured antigen-antibody
complexes to demonstrate that antigens were polysaccharides [10]. Then, by attach-
ing a purple azo dye to antigens, Heidelberger and another associate, Forrest
Kendall, were able to produce coloured antigen-antibody complex precipitates [11].

In 1942, Dr. Albert Coons developed fluorescein-labelled antibodies that could
be detected by light microscopy and, thus, discovered the technique of THC [12].
Immunofluorescence, however, was unable to be detected by electron microscopy,
so subsequent developments aimed to address this limitation. In 1959, Dr. S. J. Singer
detected antigens by electron microscopy by using ferritin-antibody [13]. Later,
Graham and Karnovsky pioneered a new immunoenzyme labelling method by tag-
ging antibodies with enzymes [14]. Through this work, Elizabeth Leduc, Stratis
Avrameas and, separately, Paul Nakane, developed new immunoperoxidase tech-
niques, which allowed detection of antigens and both light and electron microscopy
levels [15, 16]. This technique was further modified by Ludwig Sternberger with the
peroxidase-antiperoxidase (PAP) technique, thus improving sensitivity and efficacy
[17]. In 1971, W. Page Faulk and G. Malcolm Taylor used colloidal gold as a label
to detect antigens by electron microscopy [18]. Jurgen Roth, Moise Bendayan and
Lelio Orci contributed further improvements to this protocol over the next decade
through introduction of protein A-coated colloidal gold and thus developed the
technique that is widely used today [19].

8.3 Procedure, Technical Considerations
and Possible Limitations

The general concept of IHC involves using antibodies attached with a chromogenic
enzyme to highlight and visualise a specific antigen of interest. The process of IHC
is heavily protocolised to ensure strict standardisation and reproducibility of results
[20]. The process of IHC is lengthy and complex, with each step contributing to its
overall accuracy. The quality assurance of IHC is comprised on many critical com-
ponents, including tissue handling, fixation, processing, sectioning, testing and
interpretation of results [21].
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The IHC protocol can be broadly simplified to three main players: (1) the tissue
sample in question, (2) the antibodies to be used for testing and (3) the method of
detection and analysis. The careful consideration of each of these main components
determines the reliability of the IHC test. Each factor, their technical considerations
and possible limitations will be discussed in further detail below.

8.3.1 Preparing the Tissue Sample

The first critical task is ensuring that enough viable tumour tissue is obtained in
order to perform all necessary histology and ancillary tests. It is essential that the
surgeon captures sufficient cells representative of the tumour to make an accurate
diagnosis. This can be challenging when performing a biopsy. It has been shown
that open biopsy has the greatest diagnostic accuracy when compared with fine
needle aspiration and core biopsy [22]. Open biopsy, however, is more invasive, has
higher risk of contamination and carries higher costs, so core biopsy is most often
preferred as the next most accurate technique [23].

The pre-analytical phase of IHC is critical for accurate analysis. This includes
tissue handling, fixation, paraffinisation, sectioning, storage and antigen retrieval,
and each of these steps influences the quality of the result later. Firstly, the time
from resection to fixation of a tissue sample can affect the detection of proteins by
IHC due to the length of ischaemic time that the tissue undergoes [24]. During this
period of time, the tissue undergoes ‘cold ischaemia’, in which proteins, RNA and
DNA are degraded as a result of anoxic damage [25]. Studies of various cancer
types have shown differences in IHC results when there is a delay in fixation [26—
28]. Fixation itself is another area of potential variability or error. Factors including
the duration, formula of the formalin solution and the tissue to fixative ratio all
influence the quality of IHC [24, 29]. The tissue, once fixed, then undergoes further
processing that includes washing and removal of excess fixative, dehydration and
clearing and paraffin impregnation. These paraffin blocks are sectioned into thin
slices and stored. Thickness of the sections may also influence IHC results and
increase intensity of immunostaining. Tears sustained during the cutting process
may cause artefact or loss of protein staining [25]. Storage of these sections also has
impact on IHC, with studies demonstrating a loss of p53 staining with prolonged
storage of sections [30, 31].

8.3.2 Selecting Useful Antibodies

In order to perform IHC, pathologists firstly need to select a panel of suitable anti-
bodies that will help guide the diagnosis. The selection, application and interpreta-
tion of useful antibodies are discussed in further detail in this chapter. There are also
some antibodies that have been shown to be non-specific and, as a result, do not
provide diagnostic relevance. Vimentin, for example, is a marker that is widely
expressed in almost all tumour types, mesenchymal and non-mesenchymal and
therefore not recommended for use [3, 32, 33]. Similarly, histiocytic markers
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alpha-1-antitrypsin and alpha-1-antichymotrypsin demonstrate widespread expres-
sion and have been replaced by the more specific CD68 [4, 33]. Myoglobin was
previously used for detection of rhabdomyosarcoma, however is only expressed in
approximately 60% of cases [34, 35]. Nowadays, myogenin is used in its place as a
marker in rhabdomyosarcoma.

At the manufacturer level, it is necessary to enforce strict protocols for quality
control in order to ensure standardisation of all reagents. There are also various
technical considerations regarding storage of antibody reagents. Improper storage,
for example, can be responsible for greater than 50% of IHC failures [36].

8.3.3 Detecting and Analysing the Reaction

Once the antigen-antibody reaction has taken place, there needs to be an adequate
system to visualise and analyse the IHC results in a reproducible and reliable fash-
ion. This part of the process can be broadly broken up into two broad steps: (1)
detection of immunoreactivity and (2) clinical interpretation of results.

Detection systems are necessary to visualise whether an antigen-antibody reac-
tion has taken place, since antibodies alone cannot be seen under light or electron
microscopy. In order to do this, labels are attached to the antibodies. Common
detection systems include direct-conjugate-labelled antibody method, indirect pro-
cedure, avidin-biotin complex method, streptavidin-biotin systems, phosphatase
anti-phosphatase label system, polymer-based detection and tyramine amplification
system [37]. These are all various techniques used to attach a chromogenic label to
the antibodies. Polymeric- and tyramine-based amplification methods are beneficial
in that they greatly improve sensitivity; however, they are also associated with more
complex protocols that result in worse standardisation and reproducibility [21]. In
order to better highlight the immunoreaction, counter staining can also be performed
to provide further contrast to the antibody labels. Haematoxylin is the most com-
mon counterstain used for IHC, although eosin, methylene blue, methylene green
and toluidine blue can also be used [21, 37].

In order to accurately interpret the results, pathologists also need to understand
the relative sensitivities and specificities of the reagents. It must be emphasised that,
while THC is a powerful diagnostic tool, there is no single antibody or antibody
combination that is completely unique to tumour type [38]. The interpretation of
these markers in the context of bone and soft tissue tumours will be discussed in
detail in this chapter.

8.4 Immunohistochemical Markers
8.4.1 Broad-Spectrum Markers
In sarcoma diagnosis, a panel of antibodies is routinely used in the initial instance

to analyse a tissue sample. These markers can either confirm a diagnosis or char-
acterise cell phenotypes to further guide immunohistochemical or molecular
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testing. Frequently used cell-typic markers include cytokeratins, epithelial mem-
brane antigen (EMA), S100 protein, desmin, smooth muscle actin (SMA) and
CD34. These antibodies are largely non-specific, which means that they are
expressed in multiple sarcoma subtypes. The interpretation of these markers,
therefore, is most useful in combination with the wider clinical, radiological and
histopathological picture.

8.4.1.1 Cytokeratins

Keratins are a family of proteins expressed in normal epithelial tissue. As such, the
detection of keratins, in particular low-molecular-weight keratins, may indicate epi-
thelial differentiation of soft tissue tumours [33]. There are 20 described keratin
protein types, of which 8 have basic or higher isoelectric points (Type I; KRT 1-8)
and the remainder has acidic or lower isoelectric points (Type II; KRT 9-20) [39].
AE1/AE3 are broad-spectrum immunohistochemical antibodies that are most com-
monly used to detect keratins in surgical pathology. AE1 contains antibodies to
Type I keratins (KRT 10, 14-16 and 19), while AE3 recognises Type II keratins
(1-8) [40]. This antibody cocktail is used as a first-line immunohistochemical inves-
tigation for spindle cell, pleomorphic, round cell and epithelioid tumours. They are
also extremely useful in the differentiation between sarcoma and its carcinoma
mimics [41].

8.4.1.2 Epithelial Membrane Antigen

EMA is a transmembrane glycoprotein that is widely expressed in normal epithelial
tissue and their neoplastic counterparts. In addition to carcinomas, some soft tissue
tumours demonstrate recurrent EMA expression. These tumours typically include
epithelioid sarcoma [42], synovial sarcoma [43-46] and myoepithelioma [47, 48]
but are widely absent in many other soft tissue tumours [49].

8.4.1.3 S100 Protein

The S100 protein describes a multigene family of 21 proteins that demonstrate close
structural similarity but widely varying function that includes participation in pro-
liferation, migration, inflammation and differentiation [50-52]. It is commonly
positive in a range of soft tissue tumours, including melanomas, benign peripheral
nerve sheath tumours (PNST), clear cell sarcoma and myoepitheliomas.

8.4.1.4 Desmin

Desmin, a muscular marker, is an intermediate filament that is normally expressed
in skeletal muscle and smooth muscle cells [53, 54]. In surgical pathology, its main
utility resides in the identification of rhabdomyosarcomas and leiomyosarcomas, as
well as their benign counterparts [53, 55]. Desmin is, however, positive in a number
of other sarcomas, including desmoplastic small round tumours [56, 57], myofibro-
blastic tumours [53, 54, 58] and tenosynovial giant cell tumours [59]. Its interpreta-
tion is best made alongside other myogenic markers, including SMA and more
specific markers myogenin and MyoD1, in the differentiation and diagnosis of mus-
cular tumours.
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8.4.1.5 Smooth Muscle Actin

SMA is another muscular marker that is expressed in normal smooth muscle cells.
It is a useful marker in diagnosis of smooth muscle tumours and myofibroblastic
tumours. It is also expressed in normal myofibroblasts, myoepithelial cells and
smooth muscle-related pericytes and glomus cells and, therefore, positive in the
tumours of the respective lineages [60].

8.4.1.6 CD34

CD34 is a transmembrane glycoprotein that is widely expressed in many soft tissue
tumours, particularly spindle cell and epithelioid cell tumours [4]. Its expression is
encountered consistently in malignant vascular tumours [61, 62], solitary fibrous
tumour (SFT), dermatofibrosarcoma protuberans and spindle cell lipomas. Variable
expression is seen in GISTs, epithelioid sarcoma and MPNST.

8.4.1.7 CD99

CD99, also known as MIC2, is a transmembrane glycoprotein normally expressed
on the cell surface of T lymphocytes [63]. In surgical pathology, it is a non-specific
marker that is useful in the classification of round cell tumours. It is particularly
useful in the identification of Ewing’s sarcoma/PNET, in which it demonstrates
strong membranous staining [64—66].

8.4.2 Novel Markers

The advent of molecular techniques has allowed the genetic characterisation of soft
tissue tumours and discovery of recurrent mutations including reciprocal transloca-
tions, amplifications and point mutations. An understanding of these genetic aberra-
tions and their respective protein products have allowed pathologists to develop
targeted immunohistochemical surrogates for the identification of genetic mutations
in tumours samples that can aid in its diagnosis.

8.4.2.1 FLI-1
In translocations, these surrogate markers do not detect the fusion itself but rather
identifies the resultant overexpression of specific proteins [67].

Ewing’s sarcoma/primitive neuroectodermal tumours (PNET) are a class of
small, blue, round cell tumours that share a similar histomorphology with tumours
such as neuroblastoma, rhabdomyosarcoma and poorly differentiated synovial sar-
comas [68]. A specific t(11;22) translocation is found in approximately 90% of all
Ewing’s sarcoma/PNET, resulting in an EWSR1-FLI-1 fusion product [69—71]. The
sc-356 immunohistochemical stain is a polyclonal antibody to the carboxy-terminal
of FLI that has demonstrated 71% sensitivity and 92% specificity for Ewing’s sar-
coma/PNET in previous studies [68, 72].
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8.4.2.2 MDM2 and CDK4

Atypical lipomatous tumours/well-differentiated liposarcomas (ALT/WDLPS) and
dedifferentiated liposarcomas (DDLPS) are two separate types of fatty tumours that
are both characterised by complex genomes, resulting in supernumerary ring and
giant marker chromosomes and the amplification of 12q13—15 gene locus [73, 74].
MDM?2 and CDK4 are two genes within this locus, and their amplified protein prod-
ucts can be detected by IHC [75, 76].

8.5 Application and Interpretation of IHC

IHC has a well-established role in the diagnosis of bone and soft tissue tumours.
The frequent overlapping histological features of sarcomas require the use of
ancillary techniques, such as IHC, to help further distinguish tissue characteris-
tics. As described in Fig. 8.1, IHC plays three key roles in the differential diagno-
sis of bone and soft tissue tumours: (a) in establishing any rare or atypical benign
mesenchymal lesions that may resemble malignant tumours; (b) the identification
of malignant lesions of non-mesenchymal origin; and (c) the characterisation of
specific sarcoma subtypes, in particularly distinguishing one sarcoma type from
histologic mimics. Ultimately, accurate diagnosis of mesenchymal neoplasms is
essential in providing prognostic information for patients and guiding appropriate
therapeutic care.

| Tissue sample |

e.g. solitary fibrous tumour,
nodular fasciitis

| Mesenchymal origin | | Non-mesenchymal origin

e.g. sarcomatoid carcinoma,
malignant melanoma

| Specific sarcoma subtype |

e.g. rhabdomyosarcoma,
gastrointestinal stromal tumour,
malignant vascular tumour

Fig.8.1 A schematic overview of the application of immunohistochemistry (IHC) in the diagnos-
tic process of sarcomas
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8.5.1 Identification of Benign Tumours

While THC alone cannot definitively differentiate all benign and malignant tumours
[38], it can be extremely useful in identifying atypical benign lesions that share
similar histological appearances with a malignancy. Clarification of whether a
tumour is benign or malignant may influence the course of treatment, for example,
the type of excision (marginal vs wide local excision) or the addition of neoadjuvant
therapy. Tumours that may mimic malignancies include SFT and benign PNST.

8.5.1.1 Solitary Fibrous Tumour

SFT is a benign soft tissue tumour of spindle cell morphology. Its histologic fea-
tures can be difficult to distinguish from various other soft tissue tumours, including
mesothelioma or other spindle cell tumours [4, 77]. IHC reveals CD34 and Bcl-2
positivity in most cases, and these markers are therefore highly sensitive for SFT
[78, 79]. Negative staining for both markers would strongly suggest an alternative
diagnosis [80]. IHC for STAT6 can be used as a surrogate marker of the NAB2-
STAT6 fusion product highly characteristic for SFT [81]. STAT6 is therefore a
highly specific marker for SFT and is useful in distinguishing from histologic mim-
ics [82, 83]. Other valuable markers in the diagnosis of SFT include CD99 and
beta-catenin [78, 84].

8.5.1.2 Nodular Fasciitis

Nodular fasciitis (NF) typically presents as a rapidly growing, poorly circumscribed
mass that reveals dense cellularity and high mitotic activity on pathological exami-
nation. It is not uncommon for NF to be misdiagnosed as sarcoma, such as derma-
tofibrosarcoma protuberans, low-grade myofibroblastic sarcoma or malignant
peripheral nerve sheath tumour (MPNST), thus warranting IHC for definitive diag-
nosis [85-87]. IHC demonstrates positive staining for SMA in almost all cases with
consistent negativity for desmin, h-caldesmon, S100 and beta-catenin [88, 89].

8.5.2 Exclusion of Non-mesenchymal/
Non-sarcomatous Tumours

Once a benign lesion has been ruled out and the tumour has been classified as malig-
nant, the pathologist must exclude the diagnosis of a non-mesenchymal tumour.
There are various non-sarcomatous lesions that may resemble sarcomas due to their
overlapping histological features. Common examples include sarcomatoid carci-
noma, melanoma, lymphoma and mesothelioma.

8.5.2.1 Sarcomatoid Carcinoma

Histologically, sarcomatoid carcinomas may be confused with undifferentiated
spindle cell or pleomorphic sarcomas [60]. It is most often associated with primary
breast carcinoma, renal cell carcinoma and mucosal or cutaneous squamous cell
carcinoma, although it can present at any site [41]. In these cases, it is important to
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use IHC to identify areas of epithelial differentiation, which will support a diagnosis
of carcinoma [90]. Broad-spectrum keratins, such as AE1/AE3 and pan-cytokeratin
and EMA, are expressed in almost all sarcomatoid carcinoma, allowing distinction
from histologically similar sarcomas [91-94].

8.5.2.2 Malignant Melanoma

Malignant melanoma can prove a diagnostic challenge for pathologists as they often
mimic sarcomas, even in their immunohistochemical profile. Primary malignant
melanoma, for example, can appear histologically like MPNST and clear cell sarco-
mas. Both MPNST and malignant melanoma have been shown to express S100
[95-99], as has clear cell sarcoma [100-102]. In this situation, the pattern of stain-
ing carries significance in delineating these entities. S100 expression is more com-
monly diffuse in melanoma, compared with MPNST, in which it is usually focal or
multifocal. In clear cell sarcoma, staining for HMB45 is generally more intense or
diffuse than S100, which is not the case in melanoma [41].

8.5.3 For Diagnosis of Mesenchymal Tumours

In some sarcomas, IHC forms a crucial part of diagnosis, where the immunohisto-
chemical profile of a tissue sample may be diagnostic or highly suggestive of a
sarcoma subtype. Examples discussed further below are rhabdomyosarcoma, gas-
trointestinal stromal tumours (GIST) and malignant vascular tumours.

8.5.3.1 Rhabdomyosarcomas

Rhabdomyosarcomas encompass multiple subtypes, of which embryonal rhabdo-
myosarcoma (ERMS) and alveolar rhabdomyosarcoma (ARMS) are the most com-
mon. Desmin, alongside more lineage-specific markers MyoD1 and myogenin, is
useful for diagnosis [103, 104]. These markers are positive in almost 100% of
ERMS and ARMS and up to 90% of all rhabdomyosarcomas [53, 103, 105, 106].
The expression pattern of myogenin is also of significance in these tumours. For
instance, myogenin staining is often stronger and more uniform in ARMS than
ERMS [107]. A diffuse expression of myogenin has also been correlated with poor
survival in paediatric patients with rhabdomyosarcoma [108].

8.5.3.2 Gastrointestinal Stromal Tumours

Identification and diagnosis of gastrointestinal stromal tumours (GIST) is crucial
for patient outcomes as there is a highly effective treatment available [109]. KIT
(CD117) is a receptor tyrosine kinase that is activated in 85-90% of GISTs through
a gain-of-function mutation [110-113]. This results in the constitutive activation of
KIT receptor tyrosine kinase in a ligand-independent manner [114].
Immunohistochemical detection of CD117, therefore, is highly supportive of a
GIST diagnosis. This finding is particularly significant given the availability of tar-
geted therapies such as imatinib, an inhibitor of KIT-tyrosine kinase [115, 116]. It
is important to note, however, that CD117 can be positive in other tumours
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including Ewing sarcoma [117-119] and angiosarcoma [120-122], so the immuno-
histochemical results must be interpreted in the context of clinical and radiological
findings. The small subset of GISTs that are KIT-negative is often positive for
DOG1, also called anoctamin-1 (Ano-1). DOG1/Ano-1 is considered the antibody
of choice in addition to CD117 in the immunohistochemical testing for GISTs
[123], with similar sensitivities and specificities between DOGI1/Ano-1 and
CD117 [124].

8.5.3.3 Malignant Vascular Tumours

Malignant vascular tumours encompass a broad class of tumours including angio-
sarcoma, epithelioid and spindle vascular tumours and Kaposi sarcoma. IHC plays
a valuable role in diagnosing malignant vascular tumours because due to their wide
spectrum of histopathological patterns that are not easily identifiable on histology
alone. In assessing these tumours, CD31, CD34 and Fli-1 are useful immunohisto-
chemical markers. CD31 is considered the gold-standard marker in the diagnosis of
malignant vascular tumours, as it demonstrates positivity in angiosarcomas, Kaposi
sarcomas and epithelioid haemangioepitheliomas [61, 125, 126]. ERG is also a
highly sensitive vascular marker in the diagnosis of angiosarcoma [126]. CD34 is
often positive in angiosarcoma and Kaposi sarcoma but variably expressed in epi-
thelioid vascular tumours [61, 127]. A more recent marker, Fli-1, also demonstrates
good sensitivity for spindle and epithelioid tumours [128]. Additionally, Kaposi sar-
coma is an atypical vascular lesion that is uniquely defined by the presence of
human herpes virus-8 (HHV-8), which can be detected by IHC [129, 130].
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9.1 Introduction

Sarcomas encompass a diverse, heterogeneous family of rare neoplasms arising
from mesenchymal origin, accounting for only 1% of all malignant tumours [1].
This includes approximately 70 histopathological entities covering tumours of the
bone, muscle, fat, vasculature and peripheral nervous system. Sarcomas are classi-
fied according to the tissue that they most closely resemble and can arise in almost
any anatomical site within the body, adding to its diversity [2, 3]. Traditional clas-
sification based on these morphologic features alone is therefore insufficient in cap-
turing the complexity of clinical behaviours encountered in practice [4]. The advent
of ancillary tools such as immunohistochemistry (IHC), cytogenetics and molecular
genetics has allowed stratification of sarcomas into more accurate entities that are
reflective of their typical clinical characteristics [5, 6]. A better understanding of the
molecular basis of bone and soft tissue tumours has widespread implications in
improving patient management, including the diagnostic accuracy of sarcomas,
prognostication of the disease and the development of more targeted therapies. This
review will discuss the current molecular aberrations understood in sarcoma and
their potential applications in sarcoma diagnosis, prognosis and treatment.

9.2 Molecular Aberrations in Sarcoma

The advent of accessible molecular testing modalities, including chromosome anal-
ysis, fluorescence in situ hybridisation (FISH) and reverse transcription polymerase
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chain reaction (RT-PCR), has enriched the characterisation of genetic abnormalities
within specific sarcomas subtypes. The most common aberrations encountered are
chromosomal translocations, followed by gene amplifications and activating muta-
tions [7]. While the clinical significance of these discoveries is yet to be completely
resolved, this has become a crucial aid to understanding the basis of soft tissue and
bone tumours. Table 9.1 summarises the recurrent genetic abnormalities found in

Table 9.1 Common genetic alterations encountered in sarcoma

Tumour type

Genes involved

Translocations

Alveolar rhabdomyosarcoma

PAX3-FKHR, PAX7-FKHR,
PAX3-AFX, PAX3-NCOA1

Alveolar soft-part sarcoma

ASPSCRI1-TFE3

Angiomatoid fibroid histiocytoma

EWSRI1-ATF1, EWSR1-
CREBI, FUS-ATF1

Clear cell sarcoma EWSRI1-ATF1,
EWSRI1-CREB1

Congenital fibrosarcoma ETC-NTRK3

Congenital/infantile spindle cell NCOAZ2-SRF,

rhabdomyosarcoma

NCOA2-TEAD1

Dermatofibrosarcoma protuberans

COL1A1-PDGFB

Desmoplastic small round cell tumour

EWSR, WT1

Endometrial stromal sarcoma

JAZF1-JJAZ1(SUZ12),
JAZF1-PHF1, EPC-PHF1,
YWHAE-FAM22

Epithelioid haemangioendothelioma

WWTR1-CAMTA1

Extraskeletal myxoid chondrosarcoma

EWSRI-NR4A3, TAF2N-
NR4A3, TCF12-NR4A3,
TFG-NR4A3

Ewing sarcoma/PNET

EWSRI1-FLI1, EWSRI1-
ERG, EWSRI-ETV1,
EWSRI-FEV, EWSR-EIAF,
FUS-ERG, FUS-FEV

Infantile fibrosarcoma

ETC6-NTRK3

Inflammatory myofibroblastic tumour

TPM3-ALK, TPM4-ALK,
CLTC-ALK, RANBP2-ALK,
CARS-ALK

Low-grade fibromyxoid sarcoma

FUS-CREB3L2,
FUS-CREB3L1

Malignant gastrointestinal neuroectodermal EWSRI1-ATF1,
tumour EWSRI1-CREB1
Mesenchymal chondrosarcoma HEY1-NCOA2
Myxoid/round cell liposarcoma FUS-DDITS3,

EWSR1-DDIT3

Myxoinflammatory fibroblastic sarcoma

TGFBR3 and MGEAS5S

Pulmonary myxoid sarcoma

EWSRI-CREBI1

Sclerosing epithelioid fibrosarcoma

FUS-CREB3L2

Solitary fibrous tumour

NAB2-STAT6

Synovial sarcoma

SSX18-SSX1, SSX2, SSX4

Undifferentiated small round blue cell tumour

CIC-DUX4
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Table 9.1 (continued)

Tumour type Genes involved
Amplifications | Osteosarcoma (parosteal and intramedullary) | MDM2, CDK4, HMGAZ2,
GLIL SAS
Leiomyosarcoma MYOCD
Post-radiation angiosarcoma MYC
Well-differentiated liposarcoma and MDM2, CDK4
de-differentiated liposarcoma
Activating Chondrosarcoma IDH1/IDH2 COL2A1
mutations Desmoid-type fibromatosis CTNNB1
Embryonal rhabdomyosarcoma N/K/HRAS, FGFR4
GIST KIT/POGFRA, SDHA/B
Myxoid liposarcoma PIK3CA
Spindle cell rhabdomyosarcoma MYOD1
Inactivating MPNST CDKN2A
mutations or Fibrosarcomatous DFSP
deletions Advanced GIST
Osteosarcoma TP53
Leiomyosarcoma
Spindle cell lipoma RBI
Mammary-type myofibroblastoma

sarcoma subtypes. This section of the review will present the main molecular aber-
rations encountered and introduce common examples of each.

9.2.1 Chromosomal Translocations

Chromosomal translocations are the most common genetic aberrations and account
for 35% of all sarcomas [8]. There are two broad types of translocations: (1) non-
reciprocal or unbalanced translocations, which occur when a fragment of one chro-
mosome is transferred to another chromosome, and (2) reciprocal or balanced
translocations, which describe the exchange of two chromosomal fragments
between two different chromosomes (Fig. 9.1). In cancer, the chimeric gene prod-
uct can produce a novel protein that is involved in the process of malignant trans-
formation [9].

An archetypal example of a recurrent translocation-associated tumour is Ewing’s
sarcoma/primitive neuroectodermal tumours (PNET). Approximately 90% of
Ewing sarcoma/PNET is found to harbour a translocation involving the EWSR1
gene on chromosome 22. Its fusion partners are variable and belong to collection of
genes called the ETS family of transcriptional regulators. The most common of
these genes is the FLI-1 gene on chromosome 11 [10-13]. Other less common
fusion products include EWSRI-ERG, EWSRI-ETV and EWSR1-FEV [14-16].
The EWSRI gene and t(11;22) translocation is also implicated in other sarcomas,
such as desmoplastic round cell tumours, in which it forms a resultant EWSR1-WT1
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Fig. 9.1 Balanced translocation (Author’s own)

fusion gene [17, 18]. In contrast, the t(X;18)(p11.2;q11.2) translocation is almost
distinctively pathognomonic of synovial sarcomas, occurring uniquely within this
subtype in almost 90% of cases [19-22]. This results in one of many SYT-SSX gene
fusion products [23, 24]. In alveolar rhabdomyosarcoma, over three-quarters of
tumours harbour either a t(2;13) or t(1;13) translocation, resulting in the chimeric
PAX3-FKHR or PAX7-FKHR proteins, which are also specific to this subtype of
sarcoma [25].

9.2.2 Gene Amplifications

Gene amplifications comprise around one-third of molecular abnormalities in sar-
coma. Common amplifications are found in the MDM2 and CDK4 genes, and these
most often occur in adipose tumours [8]. Atypical lipomatous tumours/well-
differentiated liposarcoma (ALT/WDLPS) and dedifferentiated liposarcoma
(DDLPS) are separate clinical entities within liposarcomas that are characterised by
these molecular aberrations. These sarcomas often harbour complex genomes, char-
acterised by an unbalanced karyotype with chromosomal instability. Karyotypes of
ALT/WDLPS and DDLPS commonly reveal the presence of supernumerary ring
chromosomes [26]. The genetic material within these ring chromosomes almost
invariably contain amplified copies of MDM?2 and CDK4 oncogenes, which can
adequately be detected by FISH (gold standard) [27, 28] or IHC [29, 30]. Increased
expression of MDM2 results in inactivation the p53 signalling pathway [31-33] and
consequential promotion cell cycle dysregulation and cell proliferation. CDK4, on
the other hand, directly promotes cell cycle progression from G1 to S phase [34].
More recently, gene amplifications have been discovered in the MYOCD gene in
leiomyosarcomas [35, 36] as well as the MYC gene in radiation-associated angio-
sarcoma [37, 38].
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9.2.3 Activating Mutations of Proto-oncogenes

An activating mutation in a proto-oncogene can lead to cell proliferation in cancer.
In sarcoma, mutations may lead to deregulated kinase signalling or the production
of oncometabolites, which drives tumorigenesis. A prototypical example is gain-of-
function mutations in KIT and platelet-derived growth factor alpha (PDGFRA)
genes in gastrointestinal stromal tumours (GIST). KIT is a member of the family of
receptor tyrosine kinases [39] that is encountered in 75-80% of GISTs [40—42],
while PDGFRA mutations represent 5-10% of GISTs [43—46]. Both KIT and
PDGFRA are receptor tyrosine kinases that drive intracellular signalling pathways
in cell differentiation, survival and proliferation [47, 48]. The responsible activating
mutation in KIT is variable and includes deletions, duplications or point mutations
inexons 11,9, 13, 14, 17 and 18 [45, 48]. PDGFRA mutations may result mutations
from exons 18, 12 and 14 [49].

9.2.4 Germline Mutations

An association has also been drawn between sarcoma risk and germline mutations.
Li-Fraumeni syndrome is an autosomal dominant condition that is clinically charac-
terised by its high lifetime sarcoma risk and early cancer diagnosis [50, 51].
Molecularly, it is driven by an underlying germline mutation in TP53 [52, 53]; how-
ever, diagnosis of Li-Fraumeni syndrome is in fact made clinically based on sar-
coma history [51]. Additional germline mutations have been demonstrated in
BRCA2, ATM, ATR, ERCC2 and DICERI1 [54-56].

9.3 Molecular Techniques

In the laboratory, pathologists have access to various tools to detect genetic aberra-
tions in tumour tissue samples. This section will highlight the main types of molec-
ular techniques and discuss their advantages, disadvantages and clinical applications.

9.3.1 Conventional Karyotyping

Conventional karyotyping allows the visualisation under light microscope of gross
structural chromosomal abnormalities, such as large deletions or duplications, chro-
mosomal translocations or aneuploidies (Fig. 9.2). The advantage of this technique
is that it does not require prior knowledge of the expected aberration. Its use, how-
ever, is limited by the availability of fresh, sterile tumour tissue and the ability to
successfully culture tumour cells and subsequently capture metaphase preparations
from these cultures [57]. Karyotyping of ALT/WDLPS and DDLPS, for example,
can reveal giant marker or ring chromosomes, which involve the chromosomal
region 12q13-15 containing amplified regions of MDM2 and CDK4 [26].
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Fig. 9.2 Conventional karyotype demonstrating a t(X;18) translocation in synovial sarcoma

9.3.2 Fluorescence In Situ Hybridisation

FISH is a more recently developed molecular cytogenetic technique that detects
specific DNA sequences through hybridisation with complimentary DNA probes
(Fig. 9.3). Unlike conventional karyotyping, FISH can be performed on a small
sample of tumour tissue of various preparations (fresh, frozen, paraffin-embedded)
and can be performed relatively quickly (overnight). Its use, however, relies on
knowledge of suspected molecular aberrations and is also limited by commercial
availability of specific DNA probes [58]. In sarcoma, FISH has demonstrated effi-
cacy in identifying abnormalities including chromosomal rearrangements and aneu-
ploidies but has limited use in smaller aberrations such as point mutations due to the
size of the probes [59].

9.3.3 Reverse Transcription-Polymerase Chain Reaction

RT-PCR involves the reverse transcription of known RNA transcripts into comple-
mentary DNA with subsequent amplification of these DNA targets using PCR. In
sarcoma, it is useful in detecting translocation-associated chimeric RNA transcripts,
such as SYT-SSX1/2 fusion transcripts in synovial sarcoma [60].
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Fig. 9.3 Fluorescence in situ hybridisation (Author’s own)

9.3.4 Immunohistochemistry

While immunohistochemistry is not specifically a molecular technique, genetic
aberrations can be inferred from the presence of immunohistochemical surrogates
in sarcoma tissue samples. Immunohistochemistry involves the detection of certain
antigens in a tissue sample using antigen-specific antibodies. For example, immu-
nohistochemical staining of MDM2 and CDK4 in well-differentiated liposarcoma is
used as a surrogate marker for amplification of the respective genes [61].

9.4 Diagnosis

The challenge of sarcoma diagnosis can be attributed to both its rarity and histologi-
cal heterogeneity. This difficulty is reflected in several studies, which found discrep-
ancy rates of up to 32% for soft tissue sarcoma diagnoses between non-specialist
centres and expert referral centres [62—65]. Errors in diagnosis may lead to either
under- or overtreatment of tumours, both of which can adversely affect patient out-
comes. Knowledge of recurrent molecular aberrations within specific sarcoma sub-
types can provide supplementary information to improve diagnostic accuracy [4].
Given the vast range of treatment modalities in cancer and the frequent ambiguities
in sarcoma histopathology, improvement in diagnostic precision is essential. In fact,
the GENSARC study by Italiano et al. set forward the recommendation that all
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mesenchymal tumours, irrespective of histological certainty, undergo molecular
testing as part of the diagnostic process [4]. The utility of molecular genetics can be
exemplified in several contexts, particularly those in which conventional histology
is insufficient as the sole investigative modality to distinguish one sarcoma variant
from another.

9.4.1 Liposarcoma

ALT/WDLPS and DDLPS are both subtypes of liposarcomas that have very distinct
clinical patterns of behaviour. Yet, these two separate entities both present examples
of diagnostic challenges that can be assisted with adjunctive molecular testing of
MDM?2 amplification, as they recurrently display amplification of the MDM?2 gene
[28, 66]. ALT/WDLPS, on one hand, are often histologically equivocal to benign
lipomatous tumours and present the challenge of distinguishing malignant from
benign tumours. On the other hand, the highly heterogeneous and non-lipogenic
appearance of DDLPS can be difficult to distinguish from other high-grade sarco-
mas [34]. MDM2 is amplified in almost 100% of all ALT/WDLPS and DDLPS and
can therefore be of significant diagnostic value [29, 67]. The application of MDM?2
amplification testing in identifying WDLPS among benign adipose tumours, for
instance, has demonstrated sensitivity of 100% [68, 69]. MDM2 amplification,
however, is not unique to liposarcomas and can be detected in numerous other sar-
comas, including osteosarcoma, rhabdomyosarcoma and leiomyosarcoma [32, 70].
It is therefore insufficient alone as a diagnostic tool and its utility, rather, resides as
an adjunct to traditional histopathology in distinguishing ALT/WDLPS and DDLPS
from their respective histologically alike counterparts.

9.4.2 Synovial Sarcoma

Synovial sarcoma is a clinically diverse entity, with widespread anatomical localisa-
tion and histological variance. The differential list for synovial sarcomas is large
and includes both mesenchymal and non-mesenchymal tumours, including cellular
schwannoma, spindle cell carcinoma, spindle cell melanoma, leiomyosarcoma,
malignant schwannoma and Ewing’s sarcoma/PNET [71, 72]. Identification of the
t(X;18)(p11.2;q11.2) translocation or a SYT-SSX fusion transcripts is a useful diag-
nostic marker, as this translocation exists in 90-98% of synovial sarcomas [19-22].
Moreover, characterisation of the specific fusion product may have prognostic
value, which is elaborated on later in this review (see Sect. 9.5).

9.4.3 Small Round Cell Tumours

Genetic characterisation of sarcomas is also useful in the differential diagnosis of
small round blue cell tumours (SRBCTs), which encompasses the Ewing’s family
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of tumours (EWS), alveolar rhabdomyosarcoma and desmoplastic round cell
tumour [59, 73, 74]. These tumours have many overlapping histological appear-
ances and IHC features but vastly different prognoses and treatments [75, 76].
Detection of tumour-specific translocations with FISH or RT-PCR is particularly
useful for the diagnosis of these SRBCTs [75-79]. Ewing’s sarcoma/PNET can be
diagnosed by the detection of t(11;22)(q24;q12) translocations and resultant EWS-
FLI1 fusion products [11], for example, while 80% of alveolar rhabdomyosarcoma
will demonstrate the PAX3-FKHR gene fusions [80, 81]. Desmoplastic round cell
tumours, on the other hand, demonstrate a recurrent EWSR-WT1 fusion gene [17,
18], and more recently, a new group of Ewing-like sarcomas have been found to
harbour CIC-DUX4 and BCOR-CCNB3 gene fusions [78]. Detection of these
translocations or their respective fusion genes, therefore, assists in the differential
diagnosis of this complex histological entity of SRBCTs.

9.4.4 Nodular Fasciitis

Molecular genetics has also demonstrated its utility in diagnosing benign soft tissue
tumours, which is important in preventing overtreatment of patients and unneces-
sary interventions. Nodular fasciitis is a self-limiting, benign fibroblastic/myofibro-
blastic tumour, which displays clinical and histopathological properties that may
lead to the misdiagnosis of sarcoma [62, 82, 83]. A balanced rearrangement involv-
ing a t(17;22) translocation and resultant MYH9-USP6 fusion is commonly seen in
nodular fasciitis and can thus aid its diagnosis [84, 85].

9.5 Prognosis

The ability to prognosticate patients is essential in guiding both clinical and patient’s
decisions. Patient perspective questionnaires have revealed that patients generally
wish to understand more about their prognosis; however, this information is often
not received from their treating team [86—88]. Other studies have found that patients
often misunderstand their prognosis [§9-91] and the authors suggest that this, in
part, has to do with the lack of communication from their clinicians [90]. This high-
lights the significance of prognosticating cancers in ensuring quality patient care.
There are several molecular aberrations that have been observed to correlate with
outcomes and may therefore demonstrate prognostic utility. In ESW/FLII-
associated Ewing’s sarcoma/PNET, for example, there are two common fusion
types (type I and type II), which can be best detected by RT-PCR [92, 93]. Detection
of a type I fusion confers longer disease-free survival than other fusions in localised
Ewing’s sarcoma [94, 95]. In alveolar rhabdomyosarcomas, PAX7-FKHR fusion
status is associated with a survival rate of 75% compared with a mere 8% in PAX3-
FKHR fusion-associated tumours [25].

Some studies have also suggested prognostic value in the specific type of SYT-
SSX fusion in synovial sarcomas. Retrospective analyses have demonstrated that
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SYT-SSX2 fusion status supported better outcomes compared with SYT-SSX1
fusions [22, 24, 96-98], although this finding was not concluded in other studies
[99, 100].

9.6 Treatment

Molecular genetics has revolutionised the approach to cancer treatment through its
applications in targeted therapies. Understanding the genetic drivers of oncogenesis
that distinguish cancer cells from non-cancerous cells forms the basis of developing
these novel therapies [101].

9.6.1 Imatinibin GIST

At the forefront of this pursuit is the targeted inhibition of deregulated tyrosine
kinase signalling in GIST. As mentioned (see Sect. 9.2.3), the majority of GIST
tumours are associated with an activating mutation in KIT [40-42] and PDGFRA
gene [43, 44]. Imatinib is a receptor tyrosine kinase inhibitor that has been utilised
as an effective adjuvant therapy in the treatment regimen for GIST [102, 103].
Further molecular characterisation of the underlying KIT/PDGFRA mutations
informs optimal treatment decisions and response outcomes [48]. For example, KIT
tumours with mutations in exon 11 demonstrate the highest response rate of 67-83%
compared with other KIT-mutants [104—106]. Importantly, it has been found that
sunitinib, another KIT inhibitor, has greater efficacy against KIT exon 9-mutant
tumours than imatinib [105]. In addition, the most common PDGFRA mutation,
D842V in PDGFRA exon 18, is resistant to imatinib and sunitinib [104] but has
recently been found to be sensitive to crenolanib, a novel tyrosine kinase inhibitor
[107]. In summary, there is a heterogeneous response of GIST to imatinib, which
can be explained by the genetic profile of the tumours. This example demonstrates
the powerful utility of molecular genetics in guiding tailored therapies to patients
with GIST.

9.6.2 Imatinib in the Treatment of Other Soft Tissue Tumours

The success of imatinib has established a powerful paradigm in the pursuit of more
targeted therapies in sarcoma treatment. Imatinib has also shown success in the
treatment of other sarcoma types, such as locally advanced or metastatic dermatofi-
brosarcoma protuberans (DFSP) [108—110]. These tumours harbour a characteristic
t(17;22) translocation, which result in a fusion between collagen type I Al
(COL1A1) gene and PDGFB gene [111, 112]. The upregulation of the COL1A1-
PDGFB fusion protein activates PDGFB receptor, a protein tyrosine kinase that
forms the target of imatinib therapy [108, 113]. In addition, imatinib has shown
efficacy in non-malignant tumours, such as tenosynovial giant cell tumour/
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pigmented villonodular synovitis (TGCT/PVNS), a neoplasm of the synovium
characterised by the overexpression of colony stimulating factor-1 (CSF1) due to a
CSF1-COL6A3 fusion product [114—-116]. In TGCT/PVNS, the tumour cells
expressing CSF1 comprise only a minority of the tumour bulk. [114].

9.6.3 The Future of Other Targeted Therapies in Sarcoma

Beyond imatinib, there are many other targeted therapies that are showing promis-
ing results in the treatment of sarcomas. GCTB is a locally aggressive, benign
tumour that causes bony destruction, a process mediated by receptor activator of
nuclear factor kappa-B ligand (RANKL). Denosumab, a monoclonal antibody
against RANKL that binds and prevents its interaction with RANK on osteoclast
surfaces, has demonstrated success in the treatment of giant cell tumour of bone
(GCTB) [117-120]. In addition, this drug has been approved for use in multiple
myeloma and metastatic bone disease with further research and case studies indicat-
ing therapeutic potential in aneurysmal bone cysts [121, 122] and osteosarcoma
[123-125]. In chondrosarcomas, isocitrate dehydrogenase 1 (IDH1) is found to be
mutated in 56% of cases [126], resulting in the formation of an oncometabolite,
2-HG [127, 128]. A recent phase I study by Tap et al. demonstrated a disease stabili-
sation rate of 55% for mutant IDH1 (mIDH1) solid tumours treated with an mIDH1
inhibitor (AG-120, ivosidenib) [129]. Of note, this study presented one subject with
metastatic chondrosarcoma, who demonstrated stable disease after 343 days and
4 cycles of AG-120. These promising results warrant further clinical trials of
AG-120 in chondrosarcoma patients.

9.7 Conclusion

This review highlights the broad and multifaceted utility of molecular genetics in
the clinical diagnosis and management of sarcomas. Its application has already
shown many promising results and demonstrates great potential in for future
application.
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Samuel Y. Ngan, Julie Chu, and Sarat Chander

10.1 Introduction

Sarcomas are rare cancers and occur in 1% of the Australian population. Sarcomas
consist of soft tissue and bone tumours. Soft tissue sarcomas (STS) are a heteroge-
neous group of mesenchymal tumours that can arise anywhere in the body and can
affect all age groups. Majority of soft tissue sarcoma arise in the extremity (60%).
Other sites include truncal wall, retroperitoneum, head and neck and mediastinum.
Gastrointestinal stromal tumour (GIST), which accounts for majority of sarcomas
arising from the gastrointestinal tract, is included in the fourth edition of WHO clas-
sification (2013).

The management of such a diverse group of tumours has evolved over the last
few decades. In addition to tumour control, retaining limb function is equally impor-
tant. The goal is to achieve tumour control, retain limb function and free from treat-
ment-related long-term morbidity such as chronic pain or severe oedema. Radical
ablative surgery has been replaced with limb-sparing surgery combined with radio-
therapy to achieve these goals.

10.2 The Role of External Beam Radiotherapy in Soft Tissue
Sarcoma of Extremity

Prior to the early 1980s, amputation for extremity soft tissue sarcoma was frequently
performed. Local control was excellent with this approach, but the rate of metastatic
relapse remained [1]. Retaining limb function became an issue that needed to be
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addressed. Studies to explore the role of radiation therapy started in the 1970s. These
studies provided evidence that radiotherapy could result in adequate local control with-
out increasing the risk of distant relapse. There was increasing interest in determining
how best to integrate radiation therapy with surgical management. In 1982, Rosenberg
et al. published the landmark prospective randomised trial which proved to be practice
changing [2]. In the National Cancer Institute (NCI) study, a total of 43 patients with
high-grade soft tissue sarcomas of the extremity were randomised to amputation or
limb-sparing surgery followed by adjuvant radiotherapy. Both groups received post-
operative chemotherapy (doxorubicin, cyclophosphamide and high-dose methotrex-
ate). There were four local recurrences in the limb-sparing group and none in the
amputation group; the difference was not statistically significant. There was no signifi-
cant difference in disease-free and overall survival between the study arms.

A subsequent NCI prospective randomised trial reported by Yang et al. further
confirmed the role of adjuvant external beam radiotherapy (EBRT) in the setting of
limb-sparing resection [3]. A total of 141 patients with both high- and low-grade
sarcomas were randomised to receive adjuvant radiotherapy or without. Those with
high-grade tumours also received post-operative chemotherapy (doxorubicin and
cyclophosphamide). There was no local recurrence in the group received radiother-
apy. The local recurrence rate was 22% in the group who did not have radiotherapy.
Improved local control was seen in both low-grade and high-grade sarcomas treated
with adjuvant radiotherapy.

An update on long-term overall survival, local control and limb function was
published in 2014 [4]. The median follow-up was 17.9 years. The 10- and 20-year
overall survival (OS) was 77% and 64%, respectively, for patients who had surgery
alone and 82% and 71%, respectively, for those who received adjuvant radiotherapy.
There was no difference in OS when stratified against tumour grade. The rate of
local recurrence was 25% following limb-sparing surgery (LSS). Almost all 18
recurrences were early recurrences. In contrast, only one recurrence was reported
following LSS and adjuvant radiotherapy. In terms of functional limb deficits, there
were no deficits observed in patients with upper limb STS. Of those with lower limb
STS, 15% of the surgery-alone group required an assist device to ambulate com-
pared to 8% of those treated with adjuvant radiotherapy. Two patients developed
complications related to radiotherapy.

10.3 Tumour Grade and Radiotherapy

Long-term data from the NCI study by Yang et al. confirmed improved local control
in patients who received external beam radiotherapy. This improvement was evident
for both high-grade and low-grade sarcomas. Choong et al. reported on their study
of 132 patients who received radiotherapy and surgery for low-grade sarcoma. They
observed that tumours greater than 5 cm which were not also treated with radio-
therapy were associated with a higher incidence of local recurrence. Radiotherapy
was particularly effective in reducing local recurrence when applied to patients
treated with marginal surgical margins. Adjuvant radiotherapy did not seem to
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confer a local recurrence benefit when applied to tumours that were treated with
wide surgical margins or which were <5 cm [5]. In cases where brachytherapy is
being contemplated, improved local control was only evident for high-grade
tumours [6]. A prospective trial by the French Sarcoma Group randomising patients
to adjuvant radiotherapy versus no radiotherapy after complete excision of extrem-
ity soft tissue sarcoma is ongoing.

Factors to be considered in determining combining radiotherapy with surgery
include proximity to a major nerve or blood supply and proximity to the joint. In
general, if amputation is necessary to salvage a local recurrence, radiotherapy is
usually indicated. Tumour grade is not a major factor in most situations.

10.4 The Timing of External Beam Radiotherapy

National Cancer Institute of Canada Clinical Trials Group SR-2 trial randomised
patients with extremity sarcoma to preoperative vs. post-operative radiotherapy and
found no difference in local control, progression-free survival or overall survival
between the two groups [7]. Preoperative radiotherapy is associated with lower rates of
late toxicities, namely, oedema, fibrosis and joint stiffness. This translates to better limb
function. However, wound complication rate was higher in the preoperative group.

There are many advantages for delivering external beam radiotherapy in the pre-
operative setting. In majority of cases, the gross tumour is intact and readily visual-
ised on MRI. In some cases, peri-tumoural oedema may be present. Given
peri-tumoural oedema can harbour tumour cells, it is essential to include this in the
clinical target volume (CTV). Accurate target delineation and no tumour bed, drain
sites and surgical wound to include lead to smaller treatment volume. Not only is
the treatment volume smaller; the prescribed dose is also lower in the preoperative
setting to achieve equivalent tumour control. Delivering radiotherapy preoperatively
also avoid unforeseeable delay and irradiating healthy tissue that has been brought
in to repair surgical defect.

10.5 Target Delineation and Definition of Margins

The development of multi-detector CT in the mid-1990s has revolutionised radio-
therapy planning. 3D conformal radiotherapy (3DCRT) has become the new stan-
dard. Fusion of MRI and functional images are possible due to improvement in
planning software and tools.

In 2010, a consensus meeting on gross tumour volume (GTV) and clinical target
volume (CTV) on computed tomographic images for preoperative radiotherapy for
extremity high-grade soft tissue sarcoma was held during the Radiation Therapy
Oncology Group (RTOG) meeting. The RTOG consensus atlas was published in the
red journal the following year [8]. Based on this consensus, the GTV is gross tumour
defined by T1 contrast-enhanced magnetic resonance images. CTV includes gross
tumour and clinical microscopic margins, typically 3 cm in the cranio-caudal
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directions. The radial margin from gross tumour should be 1.5 cm including any
portion of the tumour not confined by intact fascial barrier, bone or skin surface. In
cases where the field extends beyond the compartment, the field can be shortened to
include the end of a compartment. In other case where peri-tumoural oedema as
defined by T2 magnetic resonance images extends beyond the field, clinical judge-
ment is needed to determine if the risk of oedema harbouring sarcoma is high or
low. If the risk is low, there is no need to modify the field. Alternatively, if the risk
is high, the decision to extend the field must be balanced against potential excessive
toxicity. A 1-1.5-cm margin for planning target volume (PTV) is generally
acceptable.

In terms of radial margin, our preference is to include a minimum of 2 cm or
the intact fascial boundary or the muscle bundle radially. This is to ensure that the
CTV is no less than the surgical margin. In some cases, individualising margin is
required.

Individualised margin that should be applied in preoperative radiotherapy is par-
ticularly relevant in superficial myxofibrosarcoma (MFS) and undifferentiated pleo-
morphic sarcoma (UPS) as these histological subtypes are frequently associated
with an infiltrative growth or tail sign and local recurrence [9]. In this series by
Imanishi et al., local recurrence occurred in three out of the eight pathologically
viable tail cases following preoperative radiotherapy but in none of the cases with-
out tail or with non-viable tail. It is imperative to adequately cover these tails by the
preoperative radiotherapy field and to employ wider surgical margins to maximise
local control.

Radiation dose of 50-50.4 Gy is recommended for preoperative radiotherapy.
Intensity modulated radiotherapy (IMRT) or volumetric modulated arc radiotherapy
(VMAT) is superior to 3DCRT in terms of dose homogeneity for a long tumour. In
post-operative radiotherapy, the CTV includes operative bed, drain site and incision
scar. A total dose of 60—64 Gy is recommended, and shrinking field technique is
usually applied for the tumour bed.

10.6 Chemoradiotherapy

In pursuit of improving survival for high-grade sarcoma, chemotherapy is combined
with radiotherapy in order to address local disease and potential micro-metastatic
disease at the same time. The chemotherapeutic agent or targeted agent will need to
have an intrinsic effect on the tumour by itself as well as radiosensitising effect.
Ideally the agent can improve the therapeutic ratio, that is, improving the tumour
control with the same level of toxicity or maintaining the same level of tumour con-
trol with lower toxicity. The ultimate goal is to improve survival without compro-
mising local control. In order to achieve this goal, dose intensity of chemotherapy
and radiotherapy is critical.

Preoperative radiotherapy is generally preferred for a high-grade sarcoma. As
surgery remains the cornerstone of success, it is important that preoperative chemo-
radiotherapy does not lead to severe toxicity, which may delay surgery, leading to
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increased surgical morbidity or worsened functional outcomes. A number of differ-
ent strategies have been studied.

One approach is to administer doxorubicin, an active agent for sarcoma and a
potent radiosensitiser, immediately before commencing reduced dose of preopera-
tive radiotherapy. Temple et al. reported a series with a protocol of 60-90 mg of
doxorubicin infused intra-arterially or intravenously over 3 days into a vessel feed-
ing the involved area, 30 Gy of radiotherapy given over 10 days [10].

Another approach is concomitant chemotherapy and radiotherapy. In a report of
a phase I study at MD Anderson Cancer Center (MDACC) with 50 Gy radiotherapy
with escalating dose of doxorubicin, the maximum tolerance dose of doxorubicin
was found to be 17.5 mg/m?*week. Half of the patients had 90% or greater tumour
necrosis [11]. In another study from MDACC local and systemic toxicities after the
administration of therapeutic doses of ifosfamide with concomitant radiotherapy
were comparable to those observed with either treatment alone [12].

Combination chemotherapy has been studied. At Mayo Clinic, two cycles of
neoadjuvant ifosfamide, mitomycin, doxorubicin and cisplatin (IMAP) were fol-
lowed by chemoradiotherapy 45 Gy and reduced doses of MAP and then surgery.
Radiation to total doses of 55-65 Gy was accomplished by delivery of an addi-
tional 10-20 Gy to the tumour bed via intraoperative electron beam, brachy-
therapy or external beam irradiation at the completion of surgery. Chemotherapy
toxicity grade three or higher consisted primarily of vomiting (23%), leukopae-
nia (54%) and thrombocytopaenia (77%). The estimated S5-year survival
was 80% approximately [13].

An innovative approach which combined radiotherapy with neoadjuvant mesna,
doxorubicin, ifosfamide and dacarbazine (MAID) followed by resection and adju-
vant chemotherapy was studied at Massachusetts General Hospital (MGH).
Chemoradiotherapy 44 Gy, split into two equal halves, were administered in
between three courses of MAID. This regiment of therapies led to a significant
decrease in systemic metastases and an increase in disease-free and overall survival
when compared with a historical control group. These results led to a multi-
institutional trial by RTOG [14].

The RTOG 9514 study included high-grade soft tissue sarcoma, >8 cm in diam-
eter of the extremities and body wall. Three patients (5%) experienced fatal grade 5
toxicities (myelodysplasias, two patients; infection, one patient). Another 53
patients (83%) experienced grade 4 toxicities, 78% experienced grade 4 haemato-
logic toxicity, and 19% experienced grade 4 nonhaematologic toxicity. Estimated
3-year rates for disease-free, distant disease-free and overall survival are 56.6%,
64.5% and 75.1%, respectively [15].

After a median follow-up period of 9.3 years in patients treated with a similar
protocol at MGH, 7-year disease-specific and overall survival rates were 81% and
79%, respectively [16]. With a median follow-up of 7.7 years in patients treated in
RTOG 9514, estimated 5-year rates of disease-free survival, distant disease-free
survival and overall survival were 56.1%, 64.1% and 71.2%, respectively [17].

Biological agents including bevacizumab, sorafenib, pazopanib and sunitinib
were also studied with radiotherapy.
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In a critical review of current evidence of preoperative radiotherapy by sar-
coma experts, it was concluded that outside the setting of well-designed prospec-
tive clinical trials, the conventional 50 Gy in 5-6-week schedule should be
considered as standard [18].

10.7 Brachytherapy

Brachytherapy is a form of radiation therapy delivery in which a radiation source is
placed in close proximity or inside the target tissue (Brachy = close). There is a
rapid fall off in dose with relatively short distance and hence has the advantage of
delivering high doses of radiation to the tumour while reducing the dose to the sur-
rounding normal tissues.

Brachytherapy can be delivered with either a low-dose rate (LDR) or high-dose
rate (HDR) system. The International Commission on Radiation Units (ICRU)
defines LDR brachytherapy as 0.4-2 Gy per hour, whereas HDR brachytherapy is
delivered at >12 Gy per hour.

For soft tissue sarcoma brachytherapy, afterloading catheters are placed in the
operative tumour bed which is defined by the surgeon and spaced at 1 cm intervals
to cover the entire area of risk. Usually a single-plane implant is used. Traditionally,
LDR brachytherapy with an iridium-192 source was used to deliver radiotherapy
completely in this manner. The treatment was delivered over 48—72 h or more in a
shielded room as an inpatient. Technological advances have made HDR brachy-
therapy feasible. This method of delivery uses a higher-strength radioactive source
and delivers the source for a brief period of time to catheters (minutes versus days)
but unlike LDR requires treatment over multiple days.

Typically the afterloading catheters are loaded with the radioactive source usu-
ally around the 5th to 8th post-operative day, and treatment is given over a few frac-
tions and can be delivered as an outpatient. Currently most centres around the world
have abandoned the iridium wire-based LDR brachytherapy for the convenience
and safety of the HDR.

Indications for brachytherapy are similar to those for external beam radiotherapy
(EBRT) and include surgery with close or intralesional margins, local recurrences,
high-grade tumours, size greater than 5 cm, and deep lesions.

Adjuvant brachytherapy alone may be applicable in patients with high-grade
trunk wall or extremity sarcomas that have undergone complete surgical excision
with negative margin [19]. It remains unclear whether brachytherapy in combina-
tion with EBRT or as a single modality is preferable with positive surgical margins.
Factors that may influence the use of EBRT and brachytherapy in scenarios with
positive margins include the tumour grade, prior surgeries and tumour size.

Adjuvant brachytherapy has been shown to enhance local control of disease over
surgery alone for high-grade soft tissue sarcomas of the extremity and superficial
trunk [20]. However, it is controversial if the same can be concluded from studies of
low-grade tumours [6, 21]. Like preoperative EBRT, the addition of brachytherapy
is associated with a higher early wound complication rate [22, 23].
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An improvement in local control of disease in retroperitoneal sarcomas has been
observed in several case series where brachytherapy has been combined with preop-
erative [24] or post-operative external beam [25] radiotherapy. A small randomised
study showed benefit with the use of HDR-IORT [26]. However, superiority over
preoperative radiotherapy for local control or overall survival could not be estab-
lished at 10 years [27].

There have been no randomised comparisons of the relative efficacy or morbidity
of post-operative EBRT compared with brachytherapy. In a retrospective compari-
son of patients treated by IMRT or brachytherapy, the IMRT group appeared to have
somewhat worse prognostic features, but the 5-year local control rate was signifi-
cantly higher with IMRT (92% vs. 82%) [28].

At our centre, we reserve brachytherapy as an adjuvant therapy (either as boost
or definitive treatment) for patients who have had a recurrence of sarcoma in a pre-
viously irradiated field.

10.8 The Role of Radiotherapy in Primary Bone Sarcoma

Primary bone tumours are rare. The three most common types of malignant primary
bone tumours are osteosarcoma, chondrosarcoma and Ewing sarcoma.
Osteosarcomas commonly arise in extremities and rarely in axial sites such as the
jaw. Osteosarcoma of the jaw affects either mandible or maxilla. It is characterised
by high propensity for local invasion but rarely metastasise. In contrast, high-grade
osteosarcoma of extremities often metastasises, and the most frequent metastatic
site is the lung. Chondrosarcoma frequently arises in the axial skeleton and the
metaphyseal region of long bones. Majority are low-grade locally aggressive
tumours and do not metastasise. Ewing sarcoma affects mainly children and adoles-
cents. They are all high-grade tumours, arising commonly in extremities, pelvis,
vertebrae and ribs. Almost all Ewing sarcoma share EWSR1 gene rearrangement
making molecular testing mandatory.

10.9 Osteosarcoma

Unlike soft issue sarcomas, the role of radiotherapy is limited in primary bone
tumours. Current standard therapy for high-grade osteosarcoma is neoadjuvant che-
motherapy and surgical resection of the primary tumour. In cases of resectable
osteosarcoma, there is no role for radiotherapy. However, for tumours where com-
plete resection is not possible, adjuvant radiotherapy or definitive radiotherapy may
be used to improve local control and extend progression-free survival.

Retrospective series from MGH by DeLaney et al. reported patients with either
gross or subtotal resection had a greater rate of local control, survival and disease-
free survival with radiotherapy. Although no radiation dose-response relationship
for local control was shown, the effectiveness of radiation appears to correlate with
the extent of resection [29].
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Experience from Cooperative Osteosarkomstudiengruppe (COSS) Registry by
Schwarz et al. also helped to define the role of radiotherapy in osteosarcoma [30].
Of the patients who were analysed, majority received external beam radiotherapy,
and the rest received proton therapy, neutron therapy, intraoperative radiotherapy or
radionuclide therapy by samarium-153. The median dose for external beam radio-
therapy was 55.8 Gy. Local control for the entire group was 30%. However, local
control rates for the group received surgery and radiotherapy were significantly
superior than the group received radiotherapy alone (48% vs. 22%, p = 0.002).

Osteosarcoma is traditionally considered a radio-resistant tumour. The high radi-
ation dose required to eradicate it is challenging with conventional external beam
radiotherapy approach. New radiotherapy techniques such as proton and carbon ion
aim to bridge the gap. Single institutional experience of unresectable osteosarcoma
treated with proton therapy reported local control rate of 72% and overall survival
of 67% at 5 years [31]. In a report from Chiba, Japan, using carbon ion for unresect-
able OS of the trunk and spine, local control rate of 62% and 79% at 5 years were
achieved in those with unresectable truncal and spinal osteosarcoma, respectively
[32]. Despite these early encouraging results, a systematic review of the clinical
effectiveness of proton therapy in children by Leroy concluded that there was insuf-
ficient evidence to either support or refute the role of proton [33].

Stereotactic body radiotherapy (SBRT) is another radiotherapy technique that
enables highly focus and precise delivery of large doses of radiation per fraction and
thereby increases biologically effective doses beyond what is achievable with con-
ventional fractionated radiotherapy. Single institutional series by Brown et al.
reported their experience using SBRT for recurrent and metastatic osteosarcoma
and Ewing sarcoma [34]. Of patients treated with curative intent, the estimated local
control at 2 years was 85%. For those treated with palliative intent, majority pro-
gressed. However, many did experience symptomatic improvement. Significant late
toxicities such as sacral plexopathy and femoral head necrosis/fracture occurred in
the setting of re-irradiation and when established dose constraints were knowingly
exceeded. SBRT is a promising technique, but more data is needed to establish its
role in primary bone tumours.

10.10 Ewing Sarcoma

Contrary to osteosarcoma, Ewing sarcoma is a radiosensitive tumour. Complete
surgical resection remains the gold standard for resectable tumour. Post-operative
radiotherapy is indicated in cases of inadequate surgical margins or those with poor
histological response. In cases where complete surgical resection of all tissues origi-
nally involved with tumour prior to chemotherapy is not possible, conventionally
fractionated radiotherapy in the dose range of 45-60 Gy should be used to achieve
local control. A randomised controlled trial INT-0091 assigned patients with Ewing
sarcoma, peripheral neuroectodermal tumour (PNET) of the bone or primitive sar-
coma of the bone to VACA-IE chemotherapy versus VACA chemotherapy alone
[35]. An analysis of a subgroup of patients with non-metastatic pelvic Ewing
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sarcoma treated on this study was undertaken to investigate the relationship between
the type of local control modality and the risk of local failure. It did not demonstrate
a statistically significant difference in local control between different treatment
modalities. Local failure rates at 5 years were 25% each for surgery and radiother-
apy but only 11% for a combination of surgery and radiotherapy [36]. A more con-
temporary series from Mayo Clinic of patients with pelvic Ewing sarcoma reported
a 5-year local recurrence rate of 26%, 13% and 0% for those treated with radiation
alone, surgery alone and a combination of surgery and radiotherapy, respectively
[37]. This is, however, not statistically significant. It also reported a lower local
recurrence rate in those treated with radiation doses of no less than 56 Gy. This is
again not statistically significant, but suggesting dose intensification may improve
local control.

MRI and PET scans, both pre- and post-chemotherapy, are used for planning the
treatment. The GTV usually consists of the initial extent of the tumour at diagnosis,
but allowances are often made for responses to neoadjuvant chemotherapy in the
chest and pelvic cavities. The CTV includes an additional 1.5-2 cm margin to the
GTYV to ensure inclusion of the inflammatory zone around a tumour which is known
to contain satellite disease, and this zone is clipped at normal anatomical structures
such as vessels and normal bone. The PTV routinely includes a 1-cm margin to the
CTV for variability in set-up. The timing of when RT is delivered (preoperative,
post-operative), the treatment protocol, the reason why (definitive, multimodality)
or patient/tumour characteristics and location will determine the dose of delivery. In
general, definitive RT or where there is gross residual disease after surgery,
55-59 Gy is used. For narrow margins or positive margins and/or poor response to
chemotherapy, 45-50.4 Gy is used. Should preoperative RT be decided, then
45-50.4 Gy is delivered preoperatively. Most patients these days are treated with an
IMRT or VMAT.

10.11 Chondrosarcoma

The most common histologic subtype of chondrosarcoma is conventional chondro-
sarcoma, and majority are low-grade but locally aggressive and do not generally
metastasise. The other subtypes are rare and consist of dedifferentiated chondrosar-
coma, clear cell and mesenchymal chondrosarcoma. These subtypes are usually
high-grade and have a greater propensity to metastasise. Chondrosarcomas com-
monly arise from metaphysis of the long bone and the axial skeleton such as skull
base and sacrum. As an entity, chondrosarcoma is considered relatively radio-
resistant. Hence, high doses of radiation are required. In attempts to enhance bio-
logical effective dose, therefore, efficacy was made using charged particles such as
protons and carbon ions. Institutional series of skull base chondrosarcoma treated
by proton or carbon ions reported excellent local control rates of 75-95% [38, 39].
Single institutional experience of fractionated stereotactic radiotherapy (FSRT)
concluded its use is associated with high rates of overall survival and local control
[36]. Nearly half the patients experienced acute toxicity, but majority resolved
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spontaneously within 6 months of FSRT. Late toxicity was uncommon and mainly
occurred in patients who received prior radiation therapy. More data is needed to
establish the role of FSRT in chondrosarcoma.

10.12 Whole-Lung Irradiation

Whole-lung irradiation (WLI) is considered standard treatment for children with
metastatic Ewing Sarcoma. However, its role in the adult population remains con-
troversial. Retrospective studies comparing patients treated with multi-agent che-
motherapy and local therapy of the primary tumour with or without WLI reported
improvement in event-free survival and reduction in pulmonary relapse which were
not statistically significant [40, 41]. A randomised trial by Razek et al. randomly
assigned 193 patients with primary Ewing sarcoma to vincristine, actinomycin and
cyclophosphamide (VAC) and Adriamycin (arm 1), VAC alone (arm 2) and VAC
plus WLI (arm 3) [42]. The incidence of pulmonary metastases was the lowest at
10% in arm 1 while the incidence in arm 2 was 38% (p = 0.001). WLI reduced the
incidence of pulmonary metastases to 20%. The difference in EFS and OS between
different arms was not statistically significant. A single institutional series from
MSKCC reported outcomes and patterns of failure in adult patients with Ewing
sarcoma treated with WLI for pulmonary metastases. The overall 3-year EFS, OS
and pulmonary relapse rate (PRR) were 38%, 45% and 55%, respectively. All 26
patients received VAC-IE chemotherapy. Those who received 15 Gy in 1.5 Gy per
fraction WLI had a superior OS of 51%. Those without extra-pulmonary metastases
also had a much better prognosis with a 3-year EFS and OS of 61% and 49%,
respectively. Many of these studies reported no severe acute lung toxicity. In gen-
eral, the incidence of severe pulmonary complications appeared relatively low. The
dose and fractionation of WLI following completion of chemotherapy and metasta-
sectomy as per NCCN guideline is 18 Gy in 1.5 Gy fraction for patients >14 years
[43]. Given the lack of clear evidence to support the use of WLI in adult patients
with metastatic Ewing sarcoma, its use should be individualised balancing the risk
of lung metastases and the risk of pulmonary complications. WLI should only be
carried out in specialised sarcoma centres with multidisciplinary expertise.

10.13 Chordoma

Chordoma arise from remnants of the notochord. It can occur in mobile and sacral
spine. Its management is particularly difficult due to close proximity to the spinal
cord and adjacent vital structures. En bloc excision with clear margins is the corner-
stone of treatment success. However, morbidity is high. In a study at MSKCC,
three-quarter of patients after radical sacral surgery reported sexual dysfunction,
bowel dysfunction (including colostomies) or the need to self-catheterise.
Radiotherapy is often combined with surgery. In a retrospective study, adjuvant
radiotherapy reduced the risk of local recurrence after en bloc resection of
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sacrococcygeal chordoma when compared with no adjuvant radiotherapy [44].
When resection is not possible without severe morbidity, high-dose radiotherapy is
used as a definitive treatment.

Treating chordoma with radiotherapy alone is equally challenging. It is generally
agreed that radiation dose in the region of at least 70 Gy will be necessary to eradi-
cate the tumour. It is well beyond the tolerance of surrounding structures. Highly
conformal techniques with IMRT, VMAT or SBRT are some of the tools to achieve
high tumour dose while sparing surrounding tissue. When it is given after resection,
artefacts from surgical implant hamper accurate target volume delineation and neg-
atively impact dosimetry.

High-dose spine stereotactic radiotherapy can offer patients with chordoma the
chance of durable control. A recent series from MSKCC of 35 patients treated with
single-fraction stereotactic radiotherapy to a median PTV dose 24 Gy reported 3-
and 5-year LRFS of 96.3% and 90.0%, respectively [45].

Hadron therapy (protons or charged particles such as carbon ions) is used taking
advantage of the Bragg peak to achieve a steep dose gradient between the target and
the surrounding tissues.

Long-term results of a phase II study at MGH using high-dose photon/proton
radiotherapy given before and after surgery showed promising results. Eight-year
actuarial local control rate was 85% for primary tumours. The 8-year actuarial risk
of grades 3—4 late RT morbidity was 13% [46].

Carbon ions are heavier than protons. Their greater relative biologic effective-
ness (RBE) leads to a greater probability of achieving tumour control. The National
Institute of Radiological Sciences in Chiba, Japan, has offered carbon ion since
1994. In a retrospective study of patients with unresectable sacral chordoma, 188
patients treated with carbon ion radiation therapy between 1996 and 2013 were
analysed. The highest proximal invasion reached past S2 level in 137 patients. The
median clinical target volume was 345 cm®. One hundred six patients received 67.2
grey equivalents (GyE)/16 fractions (fr), 74 patients received 70.4 GyE/16 fr, 7
patients received 73.6 GyE/16 fr, and 1 patient received 64.0 GyE/16 fr. The 5-year
local control, overall survival and disease-free survival rates were 77.2%, 81.1%
and 50.3%, respectively. Forty-one patients had a local recurrence [48].

10.14 Retroperitoneal Sarcoma

Retroperitoneal sarcomas (RPS) are rare soft tissue tumours, representing 10-15%
of all soft tissue sarcomas [47]. They are a heterogeneous group of tumours. It is
often large in size. Together with its location and proximity to abdominal organs, it
poses technical surgical challenges. Local recurrence is common (at least 40-50%)
and remains a major cause of morbidity and mortality, with up to 75% of RPS-
related deaths attributable to locally recurrent disease.

High tumour grade and macroscopically incomplete resection are predictors of
local relapse.
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Salvage procedure for residual disease after resection or recurrent disease is
often not successful. In a retrospective review of 33 patients with recurrent RPS and
12 with residual disease after resection, 15 patients were deemed inappropriate for
further resection, with a subsequent median overall survival period of 15 months.
Among the 30 resected patients, the median and 5-year overall survival was 53
months (50%). Overall survival was better in the recurrent group than in the residual
group [49].

Radiotherapy for RPS includes preoperative external beam radiotherapy, post-
operative EBRT, intraoperative radiotherapy (IORT) or combination. In a case-
control propensity score-matched analysis of 9068 patients with localised
retroperitoneal sarcoma identified from a nationwide clinical oncology database
treated with preoperative or post-operative radiotherapy versus surgery alone
from 2003 to 2011, both preoperative radiotherapy and post-operative radiother-
apy were significantly associated with improved overall survival compared with
surgery alone [50]. In another study in patients who underwent resection with
curative intent for retroperitoneal liposarcoma and who received preoperative
radiotherapy or surgery alone identified in the US National Cancer Data Base
(2004-2013), in the propensity score-matched cohort, preoperative radiotherapy
was associated with an improvement in survival (median overall survival 129.2
versus 84.3 months; P =0.046). This effect appeared most pronounced for tumours
with adjacent organ invasion (median overall survival not reached versus
63.8 months; P = 0.044) [51].

Preoperative radiotherapy is the preferred method for retroperitoneal sarcoma.
Radiation enteritis is significantly lower than post-operative radiotherapy as the
tumour mass displaces small intestine away from the radiation volume. The radia-
tion target is much better defined before resection [27]. Histologic diagnosis is usu-
ally obtained by CT-guided core biopsy with posterior approach. PET CT increases
the diagnostic yield of the core biopsy by identifying the most metabolically active
part of the tumour. In order to ensure that the biopsy track is within the radiation
target, the biopsy tract can be documented by CT at the time of biopsy. A renal
DMSA scan for split renal function is recommended when nephrectomy is expected.

A radiation dose of 45 Gy to 50 Gy is recommended for preoperative radiother-
apy. VMAT or IMRT is vastly superior to 3DCRT in terms of radiation dose homo-
geneity, dose to organs at risk and ability to dose paint.

In a study conducted by NRG Oncology, CT scans for 2 cases of RPS were dis-
tributed among 12 sarcoma radiation oncologists with instructions for contouring
GTYV, CTV, areas judged to be at high risk of resulting in positive margins after
resection and organs at risk (OARs). There was high level of agreement in GTV,
CTV and most OARs. Contours of areas of potential positive margins were more
variable [52]. Surgical input in clarification of high-risk area is recommended.

Well-differentiated liposarcoma is the commonest type of retroperitoneal sar-
coma. They are often large and present several challenges. Defining GTV accurately
of a large well-differentiated lipoma-like liposarcoma can be difficult as it is not too
dissimilar to normal abdominal fat. In the course of radiotherapy, inter-fraction dis-
placement of the tumour is more pronounced for superior positioned tumour.
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Volumetric changes of the tumour are common. In a clinical study, it was observed
GTV volumetric increase during the first 2 weeks of treatment was followed by
GTYV volumetric decrease by completion of radiotherapy [53].
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The Role of Systemic Therapies 1 1
in the Management of Soft Tissue
Sarcoma

Nikki Burdett, Susie Bae, Anne Hamilton, and Jayesh Desai

11.1 Introduction

Soft tissue sarcomas (STS) are solid tumours that originate from mesenchymal cells
and can be subclassified into over 50 subtypes. Representing 1% of adult tumours
and 15% of paediatric malignancies, their rarity and diversity has traditionally made
clinical trial design and thereby the provision of a strong evidence base to guide
individual patient management challenging. As therapeutic options as a whole have
increased for solid cancers in the context of an increased understanding of molecu-
lar drivers that predict response to those therapies, the challenges faced by the STS
community have meant that the overall pace of drug development has been slower,
with some notable exceptions in selected sarcoma subtypes in which clear molecu-
lar drivers have been identified (e.g. gastrointestinal stromal tumours). However, the
recognition that “splitting” these requisite subtypes even if based on classical histo-
pathological features into their respective individual entities over the last two
decades, rather than “lumping” all STS together, has helped advance the field con-
siderably. In addition, international collaborative efforts have advanced in parallel,
facilitating the successful conduct of trials in specific subtypes to be conducted,
including randomized phase III trials.

11.2 Systemic Therapy in Localized STS

For most limb and truncal STS without distant metastases, surgery with or without
pre-/post-operative radiotherapy is standard treatment and achieves high rates of
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local control while maintaining optimal function. The role of systemic therapy for
localized STS remains controversial although frequently debated in multidisci-
plinary meetings. Although currently not regarded as standard treatment in Australia,
it should be considered for individual patients with high-risk disease and potentially
chemosensitive subtypes on the basis that benefit cannot be excluded, with conflict-
ing evidence in the literature. An earlier meta-analysis published in 1997 reported a
benefit in improving local control and distant recurrence-free survival; however, the
overall survival benefit was not statistically significant [1]. Two subsequent meta-
analyses supported these data. Interestingly, one of these studies reported a signifi-
cant survival benefit for adjuvant chemotherapy; however this was not maintained
with long-term follow-up [2, 3]. The most recent EORTC 62931 study, published in
2012, failed to demonstrate any clear improvement in local control, relapse-free
survival or overall survival in patients treated with adjuvant chemotherapy [4].

The role of neoadjuvant chemotherapy is increasingly debated in multidisci-
plinary meetings, particularly for patients with large high-grade STS that is consid-
ered borderline resectable. However, the data supporting the use of neoadjuvant
chemotherapy for STS is more notably limited and mainly derived from retrospec-
tive series and phase I trials [5, 6]. Patient factors including age and comorbidity,
together with the tumour factors including histology subtype, stage and surgical
resectability, all need to be considered in discussing the appropriateness of this
approach. A multidisciplinary team discussion remains essential in selecting
patients on a case-by-case basis.

11.3 Systemic Therapy in Advanced/Metastatic STS

Most STS are treated empirically with traditional cytotoxic chemotherapy. However,
it is critically important to be aware of some of the specific subtypes that need to be
approached differently (including diagnostically) as outcomes can be vastly differ-
ent in some of these cases. Improving the outcome of patients with advanced/meta-
static STS will therefore need to continue to focus on refining existing treatments
and combinations in parallel with efforts to better predict specific molecular drivers
of STS subtypes that are potentially targetable.

At present, the selection of systemic therapies is individualized based on disease
tempo, histology, patient preference and comorbidities. The biological tempo can be
especially important as the natural history of advanced/metastatic STS can be vari-
able, with significant differences seen between low- and high-grade histology.
Additionally, it is recognized that certain histological subtypes may have higher
rates of chemosensitivity, which may factor into the decision process for timing and
type of treatment, for example, ifosfamide with synovial sarcoma, doxorubicin with
myxoid/round cell liposarcoma, eribulin with liposarcoma, taxanes with angiosar-
coma and trabectedin in myxoid/round cell liposarcomas.

Until we develop molecular biomarkers capable of predicting response for indi-
vidual subsets of STS, clinicians need to rely on existing data in the optimal use of
systemic therapies in the aim of assisting palliation and potentially improving
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survival. This review will focus on traditional and evolving options available for
management of advanced STS for both cytotoxic and targeted agents but will not
encompass the role of adjuvant or neoadjuvant use of these agents.

11.4 Traditional Cytotoxic Agents
11.4.1 Doxorubicin and/or Ifosfamide

Historically, the single agents in STS with the highest recorded levels of activity
have been doxorubicin (or epirubicin) and ifosfamide. Additionally, the range of
responses is highly variable reflecting the biologic heterogeneity and chemosensi-
tivity of tumoural subclass in each individual trial. Median survival after metastatic
disease is 12—18 months but may extend out to 2 years in approximately one quarter
of patients with unresectable disease [7, 8].

Since the first studies in the 1970s, doxorubicin has been and remains the single
most active agent for the treatment of STS. There is much variation in its reported
response rate given the underlying tumour heterogeneity of early trials, which cus-
tomarily included multiple STS subtypes. Modern-day studies in unselected STS
reported response rates of 10-25% [9-11].

It is important to recognize that there is a dose-response relationship with doxo-
rubicin, seen at doses between 60 and 75 mg/m? per cycle [12]. Other agents have
been investigated to try and avoid dose-limiting cumulative cardiotoxicity.
Epirubicin has equimolar dosing with less cardiotoxicity and a similar toxicity pro-
file and response rate, but with most data generated with the use of doxorubicin
rather than epirubicin, doxorubicin remains the better established therapy in most
regions of the world [13—15]. Alternatively, liposomal doxorubicin, in phase II stud-
ies, has similar activity to doxorubicin with response rates between 10 and 50% and
an improved toxicity profile [11]. Although widely used, phase III studies have yet
to be conducted to show non-inferiority to doxorubicin, and its higher cost has also
limited its global use.

Single-agent ifosfamide has comparable activity to doxorubicin and has response
rates between 7 and 41% for patients who have failed front-line doxorubicin. Its
differing safety profile is related to its metabolites (haemorrhagic cystitis, renal
tubular acidosis and encephalopathy), and although a dose-response relationship
exists supporting doses as high as 12 g/m?, it can be associated with excess toxicity
[16, 17]. Although difficult to clearly define, the “low threshold” for ifosfamide is
considered to be at least 6 g/m?, but additional responses are noted even with doses
with >10 g/m? [16, 18].

The combination of doxorubicin and ifosfamide has been explored since the
1970s, with multiple randomized trials failing to provide definitive, practice-
changing evidence for the advantage of a combination approach versus single-agent
doxorubicin. Several randomized studies have compared varying (in dose and
schedule) doxorubicin-based combinations to single-agent doxorubicin. While
these are associated with higher response rates (range of 15-46%) when compared
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with single-agent doxorubicin (10-18%), these have not improved overall survival.
Moreover, toxicity was significantly greater for the combination group [8, 19-21].

Most earlier trials were criticized for various reasons, the inclusion or lumping
together of “outliers” such as GIST that were less responsive or unresponsive to
chemotherapy, being underpowered or utilizing an inadequate dose intensity of
either doxorubicin or especially ifosfamide. The issue has perhaps finally been put
to rest however, with the completion of a well-conducted randomized trial, the
EORTC 62012 trial. A total of 455 patients were enrolled from 38 centres in 10
countries to doxorubicin (at 75 mg/m?) vs doxorubicin plus ifosfamide (75 mg/m?
and 10 g/m? respectively) [22]. Results from this trial showed no survival advan-
tage with the combination approach and with a considerably higher rate of serious
toxicities (febrile neutropenia of 46% vs. 13%). The authors concluded that these
results do not support the routine use of this combination in the palliation of patients
with advanced STS. Of note, the response rate was significantly higher in the com-
bination group (RECIST-defined objective responses of 26% vs. 14%), suggesting
that the combination may have a role to play in selected patients where tumour
shrinkage is an important goal of treatment, e.g. neoadjuvant chemotherapy, or in
patients with highly symptomatic lesions but minimal other comorbidities allowing
them to tolerate a more aggressive approach.

11.4.2 Other Traditional Cytotoxic Agents

Gemcitabine as a single agent has inconsistent data supporting its utility. One trial
showed that fixed dose rate infusions were associated with a partial response with
non-GI leiomyosarcoma, yet other reports including data from the control arms of
randomized phase II trials with gemcitabine have consistently shown little single-
agent activity [23]. This is in contrast to combination therapy with gemcitabine and
other agents (e.g. docetaxel or vinorelbine), which has considerably more activity
[24]. The combination with most noted activity, and the one most studied, is with
gemcitabine and docetaxel. This was initially compared to gemcitabine alone in a
multicentre randomized phase II study with a response rate (16% vs. 8%) and sur-
vival (17.9 vs. 11.5 months) favouring combination treatment, with the most benefit
seen in those with leiomyosarcoma and undifferentiated STS [25]. Given its clear
activity in STS, gemcitabine plus docetaxel has since been compared to doxorubicin
alone in a first-line setting. The GeDDis trial compared the combination of gem-
citabine plus docetaxel with single-agent doxorubicin in chemo-naive patients with
a variety of histologies of advanced and metastatic STS in a randomized phase III
trial [26]. The results of the GeDDis trial revealed almost identical outcomes (46%
progression-free) in both study arms at 24 weeks (the primary endpoint) and median
overall survival slightly favouring doxorubicin (76 versus 67 weeks, HR for death
1.14,95% CI 0.83-1.57), though this was not statistically significant. Of note, gem-
citabine plus docetaxel was more toxic and harder to administer than single-agent
doxorubicin. In addition, the lack of histological stratification (pleomorphic sar-
coma/malignant fibrous histiocytoma) which is of importance when translating this
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into practice was underrepresented in this trial. This is important because pleomor-
phic sarcoma and malignant fibrous histiocytoma are known to be responsive to
gemcitabine and docetaxel. Additionally, the dose of gemcitabine and docetaxel
used in this UK-led trial was lower than that used in the earlier phase II (and
American-led) trials, which may have impacted on the efficacy of the combination
in more responsive subtypes such as leiomyosarcoma. These results have again con-
firmed the place of doxorubicin as the standard of care in the first-line setting.

Other combinations with gemcitabine including dacarbazine (DTIC) or vinorel-
bine have been tested in the phase II setting with modest activity and would there-
fore not be considered a standard of care option in most centres.

Dacarbazine has been used for many years and is the control arm on several
phase III studies, and although it has less activity than doxorubicin and ifosfamide,
it still has activity in the second-line setting and beyond [27].

11.4.3 Histotype-Specific Cytotoxic Agents

A number of “new” cytotoxic therapies for soft tissue sarcoma have been developed
over the last decade, with notable activity in STS, and unique mechanisms of action
when compared to traditional cytotoxic therapies such as alkylating agents.

11.4.3.1 Trabectedin

The most compelling of these “histocyte-specific cytotoxics” in sarcoma is trabect-
edin (ET-743; ecteinascidin), with activity thought to be related to its binding to the
minor groove of DNA, leading to cytotoxicity via damaging the DNA nucleotide
excision repair machinery [28, 29]. Trabectedin’s development, and proven efficacy
leading to its regulatory approval (particularly in the USA), was a long and complex
process, perhaps mostly due to its histotype specificity in an era of generic STS tri-
als, relatively low response rates but prolonged disease control, as well as additional
efforts required to determine optimal scheduling (24-h vs. 3-h infusions). A series
of trials eventually led to a phase II trial, with promising activity noted in pretreated
leiomyosarcoma and myxoid/round cell liposarcoma [30]. The definitive random-
ized phase III multicentre trial of trabectedin was conducted in the USA, and com-
pared trabectedin (given as a 24-h infusion, on a three weekly basis) to dacarbazine,
in a large cohort of 518 patients with advanced LMS or liposarcoma previously
exposed to conventional chemotherapy [31]. Although the primary endpoint of
median overall survival was not significantly different with trabectedin (12.4 vs.
12.9 months), PFS was significantly improved with trabectedin (4.2 vs. 1.5 months).
In addition, while the objective response rate was not significantly better with tra-
bectedin, the clinical benefit rate was significantly better with trabectedin (34%
versus 19%). Benefit was seen in both uterine and non-uterine LMS and in all lipo-
sarcoma subtypes. The benefit of trabectedin over dacarbazine was almost three
times (median PFS 5.6 versus 1.5 months) in myxoid/round cell liposarcomas while
only marginal (median PFS 2.2 versus 1.9 months) in dedifferentiated liposarcoma.
Other studies have also noted particularly striking responses in patients with
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advanced myxoid/round cell liposarcoma, with a 51% response rate in 1 study of 51
patients. Importantly, these responses were sustained, with 88% progression-free at
6 months [32]. Other key points noted in this trial were the types of response, with
clear early radiologic changes (decreased tumour density on CT or contrast enhance-
ment on MRI) followed by delayed tumour shrinkage, which are markedly different
to what has been seen with traditional cytotoxic agents and perhaps more akin to
changes seen with kinase inhibitors in GIST [33].

11.4.3.2 Eribulin

Eribulin, an analog of halichrondrin B, inhibits microtubule function but in a man-
ner that is distinct from taxanes. Following a signal-seeking multi-arm EORTC-led
phase II trial in different STS subtypes, a randomized phase III trial was conducted
in the two subtypes with highest activity, leiomyosarcoma and adipocytic (lipo)
sarcomas [34]. When compared to the control group of dacarbazine in the phase I1I
trial, the overall results suggested only modest improvements in the eribulin group.
However, a preplanned subgroup analysis demonstrated a significant difference in
the liposarcoma arm, with an overall survival of 15.5 vs. 8.4 months. Interestingly,
both response rates and progression-free survival were not appreciably different
between the two arms, a result that was also noted in a previous trial of eribulin in
breast cancer, observations that may perhaps relate to its unique mechanism of
action [35].

11.4.4 Molecularly Targeted Agents

Many subtypes of STS have demonstrated minimal chemosensitivity, but interest-
ingly the rare “chemoresistant” subtypes such as clear cell sarcoma and alveolar soft
part sarcoma are increasingly identified as being driven through specific molecular
pathways. Conversely, many of the other more common sarcoma subtypes such as
liposarcoma, leiomyosarcoma, synovial sarcoma and angiosarcoma have a moder-
ate response to chemotherapy but less clearly defined molecular drivers. Sarcomas
can, to some extent, be distinguished by specific genotypes, including those with
simple or complex karyotypes [36-39]. Multiple efforts using genomic analyses
have identified point mutations or deletions, which may inform future strategies of
molecularly targeted agents for preclinical or clinical studies. While the link
between the molecular biology and response to targeted therapies are few, certain
tumours (e.g. alveolar soft part sarcoma and well-differentiated/dedifferentiated
liposarcoma) may be candidates for novel therapies.

11.4.5 Tyrosine Kinase Inhibitors (TKIs) or Multi-targeted
Kinase Inhibitors

TKIs as they are called here, and usually in reference to agents used in diseases such
as sarcomas, are small multifunctional molecules that induce downstream effects
such as inhibition of angiogenesis, cell growth and proliferation.
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11.4.5.1 Pazopanib

Pazopanib was the first targeted substance to be approved in non-GIST STS and was
indicated in patients who had demonstrated poor response to earlier chemotherapy.
It is a multi-kinase inhibitor (VEGF, PDGF, ¢-KIT). Pazopanib was compared to
placebo in the international multicentre randomized phase IIl PALETTE (Pazopanib
for Metastatic Soft Tissue Sarcoma) trial of 369 patients with systemic disease
(excluding GIST and adipocytic sarcomas), who had received at least 1 anthracycline-
containing regimen [40]. The pazopanib group achieved a statistically significant
improvement in PFS of 4.6 months compared to 1.6 months in the placebo group
(p < 0.0001). However, there was no overall survival benefit. A number of reasons
have been proposed to explain this, including a higher than expected rate of post-
progression therapy with other potentially active agents.

11.5 Treatment Considerations for Certain STS
Histology Subtypes

As our understanding about the complex genetic landscape of STS expands, the
management of STS is increasingly becoming subtype-dependent. As described
above, STS subtypes such as undifferentiated pleomorphic sarcoma, dedifferenti-
ated/myxoid liposarcoma and synovial sarcoma are mostly sensitive to conventional
cytotoxic therapies. There are other STS subtypes, which inherently have unique
characteristics, which are worth noting.

11.5.1 Angiosarcoma

Angiosarcoma often arises as primary cutaneous or soft tissue tumour. It can also
develop secondary to radiotherapy. Weekly paclitaxel is the preferred first-line ther-
apy for advanced angiosarcoma, with its activity demonstrated from a phase II study
and a retrospective series [41, 42]. Disappointingly the addition of an anti-
angiogenetic drug, bevacizumab, to paclitaxel did not improve progression-free sur-
vival in advanced angiosarcomas [43]. Further studies are ongoing exploring
potential escape pathways other than VEGF (NCT02979899).

11.5.2 Solitary Fibrous Tumour (SFT)

Most SFTs treated surgically do not recur; however, approximately 10-20% will
have more aggressive features. A NAB2-STAT6 gene fusion is the diagnostic
marker of SFTs and is responsible for the genetic alteration [44]. Anti-angiogenetic
agents such as pazopanib, sunitinib and sorafenib are shown to be active in this
entity [45—47]. It tends to be refractory to doxorubicin, but there has been variable
response seen with other cytotoxic agents, including dacarbazine and trabectedin
[48, 49].
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11.5.3 Perivascular Epithelioid Cell tumour (PEComa)

PEComa is a family of rare mesenchymal tumours consisting of perivascular epithe-
lioid cells. TSC1 and TSC2 mutations disrupting the mTOR signaling pathway led
to exploration of mTOR inhibitors in PEComas. Activity of sirolimus and temsiro-
limus have been reported in small case series [50-52], and newer more potent agents
targeting the mTOR pathway are also in development. PEComas are considered less
responsive to chemotherapy—reinforcing the importance of an accurate diagnosis
both in opening up potentially promising targeted approaches and in avoiding tradi-
tional cytotoxics [53].

11.5.4 Alveolar Soft Part Sarcoma (ASPS)

ASPS is a rare, translocation-driven t(X;17)(p11;q25) STS that is characterized by
indolent behaviour but its propensity to metastasize to the lung and brain. It is
regarded as inherently resistant to chemotherapy. Tyrosine kinase inhibitors such as
sunitinib, cediranib and pazopanib have shown activity with tumour responses or
disease stabilization in more than half of the cases [54-56]. Immune checkpoint
inhibitors have also shown promising activity in ASPS based on early-phase immu-
notherapy trials [57].

11.6 Treatment Considerations for Certain Benign/
Intermediate-Grade Soft Tissue Tumours

Although most soft tissue tumours of various histological subtypes are classified as
either benign or malignant, many are of an intermediate nature, which typically
implies aggressive local behaviour with a low-to-moderate propensity for metasta-
sis. There have been remarkable advances in the field of cancer biology in the past
two decades, which have improved our understanding of specific molecular path-
ways responsible for pathogenesis of soft tissue tumours. Targeted therapy options
are now often discussed at multidisciplinary meetings for patients affected by unre-
sectable soft tissue tumours such as dermatofibrosarcoma protuberans, pigmented
villonodular synovitis and desmoid-type fibromatosis.

11.6.1 Dermatofibrosarcoma Protuberans (DFSP)

Dermatofibrosarcoma protuberans is a rare type of cutaneous soft tissue sarcoma.
They rarely metastasize but have propensity to recur locally and can lead to signifi-
cant morbidity. The majority of DFSPs are characterized by a unique translocation
t(17;22)(q22;q13), resulting in the COLIA1/PDGFB fusion gene, responsible for
platelet-derived growth factor-beta receptor activation [58, 59]. This explains its
sensitivity to imatinib, an inhibitor of PDGF, with consistent and notable activity
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demonstrated in multiple small studies [60—66]. The mainstay of optimal treatment
for localized DFSP is complete resection with negative margins. Radiotherapy may
be delivered as an adjunctive treatment to improve local control. For patients with
locally advanced unresectable and/or metastatic DFSP, imatinib can often provide
meaningful tumour shrinkage and disease control [66]. Imatinib’s use for this indi-
cation has been approved in multiple regions globally.

11.6.2 Pigmented Villonodular Synovitis (PVNS)

PVNS, otherwise known as tenosynovial giant cell tumour, is a rare but well-
recognized proliferative disorder of synovial tissue. It is considered as a benign
neoplasm, lacking malignant and metastatic potential. There are two histopathologi-
cal forms: a localized form, which involves a discrete section of the synovium,
amenable to surgical resection, and a diffuse form, which involves the entire
synovium, often associated with multiple recurrences and bulky disease, resulting
in significant bone destruction. In PVNS, a translocation in CSF1-COL6A3, t(1;2)
(p13;q35), leads to overexpression of colony-stimulating factor 1 receptor (CSFIR).
In a recent international randomized, placebo-controlled, double-blinded phase I11
trial (ENLIVEN), a potent CSFIR inhibitor, pexidartinib, showed an impressive
overall response rates in patients with unresectable PVNS, coupled with corre-
sponding improvement in functional outcomes [67]. Based on these results, pexid-
artinib recently received FDA approval for its use in the USA, with applications for
approval in other regions also underway at the time of this writing. Other less potent
CSFI1R inhibitors, such as imatinib and nilotinib, have also been tried, showing less
pronounced activity [68, 69].

11.6.3 Desmoid-Type Fibromatosis

Desmoid-type fibromatosis (DTF) is a rare mesenchymal tumour that has a variable
and unpredictable clinical course. Although lacking metastatic potential, it can
behave aggressively, leading to significant morbidity from locoregional complica-
tions. Two different clinico-pathological entities have been described: sporadic DTF
associated with CTNNBI mutation and DTF associated with germline mutation of
APC. Wnt/APC/B-catenin pathway alterations are considered to be the driver of
tumour proliferation; however, drugs targeting this pathway are not yet available in
the clinic [70-72] for routine use. A multidisciplinary approach is the key to the
appropriate management of DTF and requires careful assessment of the expected
benefit and risks associated with any proposed treatment. Currently, an initial period
of observation is universally considered the preferred and acceptable strategy for
well-selected patients with asymptomatic or minimally symptomatic tumours, and
recent revisions to national and regional guidelines reflect this. Large en bloc sur-
gery is no longer regarded as the cornerstone treatment for DTF, because of the high
relapse rate after surgery [73]. For those who fail the “wait and see” management,
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either surgery or radiotherapy can be considered for those in whom local control is
the primary treatment goal. As a general principle, the approach to systemic therapy
is based on the urgency of the clinical situation, which takes into account tumour
location, symptom burden, growth rate and patient preference. For those who
require rapid response, cytotoxic chemotherapy such as pegylated liposomal doxo-
rubicin or combinations of methotrexate and vinblastine are reasonable options,
with responses noted in small published case series studies [74—77]. Tyrosine kinase
inhibitors such as sorafenib or pazopanib are also reasonable first-line alternatives
although drug access may be more difficult [78-80]. Other patients who qualify for
systemic therapy should be managed with less toxic approaches such as NSAIDs
and/or tamoxifen based on limited data [81-83]. It should be noted that DTFs are
typically slow growing, and due to its unpredictable natural history, up to 20% of
patients on the placebo arm of interventional studies have shown tumour regression.
There are ongoing global efforts in exploring other novel agents such as small
molecular inhibitors inhibiting the Notch signaling pathway [84, 85].

11.7 Gynaecological Sarcomas

Gynaecological sarcomas are universally rare cancers. The incidence in developed
countries lies between 8 and 9.6 per million [86-88]. Gynaecological carcinosarco-
mas are regarded as poorly differentiated epithelial malignancies after WHO reclas-
sification in 2003, and are not addressed here [89].

11.7.1 Uterine Sarcoma

Uterine sarcomas are the most common gynaecological sarcomas. As with other
STS and osteosarcomas, Li-Fraumeni syndrome should be considered in young
patients and those with significant family histories [90]. Histologically, these are
categorized into tumours of myometrial (leiomyosarcoma, LMS) and endometrial
(endometrial stromal sarcoma, ESS) origin. Clinically, the grade of the tumour, the
presence or absence of hormone receptors and the clinical pace of disease are the
most important prognostic factors. Unlike soft tissue sarcomas arising in non-
gynaecological organ systems, uterine sarcomas are rarely diagnosed prior to defini-
tive surgery, due to their radiological resemblance to common atypical fibroids and
endometrial carcinomas. Accordingly, pre-operative treatment is rarely considered.
Surgical procedures such as morcellation may inadvertently compromise outcomes
for patients diagnosed with an occult sarcoma after a hysterectomy for a benign
uterine condition [91, 92]. Adjuvant pelvic radiotherapy is frequently offered for
local control of high-risk tumours, but no survival benefit from this has been dem-
onstrated [93].

Likewise, the role of adjuvant systemic therapy is not established. A trial of 156
patients with stage I or II uterine sarcoma (all histotypes) randomized to doxorubi-
cin for 6 months or no further treatment did not demonstrate a recurrence-free or
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overall survival benefit. Though this trial included carcinosarcoma, which is now
not considered a true uterine sarcoma, there were no differences between histologi-
cal subtypes to suggest this may have affected the outcome [94]. SARCO005 was a
single-arm phase II trial of four cycles of gemcitabine plus docetaxel, followed by
four cycles of doxorubicin for those who remained disease-free. At 2 years, the
progression-free survival rate was 78%; at 3 years it was 57% [95]. A randomized
phase III trial of this combination versus observation was commenced, but closed
prematurely due to poor accrual, despite opening at 701 sites internationally [96]. A
phase III trial of adjuvant ifosfamide, cisplatin plus doxorubicin in addition to
sequential radiotherapy demonstrated an improvement in disease-free survival,
accompanied by significant toxicity. With only nine patients with a high-grade
undifferentiated sarcoma included, and the confounder of the inclusion of carcino-
sarcomas, the benefit for this subtype is somewhat inconclusive [97]. Based on the
limited evidence available, there are insufficient data to support the use of adjuvant
therapy.

11.7.2 Uterine Undifferentiated Pleomorphic Sarcoma (UUPS)

Uterine UPS are high-grade tumours, with immunohistochemical profiling incon-
clusive as to tissue of origin. They frequently carry a p53 mutation [98]. They are
managed clinically according to guidelines for other non-gynaecological UPS. There
are no data to support the routine use of adjuvant systemic therapy. Chemotherapeutic
agents including doxorubicin, ifosfamide, dacarbazine and docetaxel and gem-
citabine are all used in the metastatic setting [99]. Pazopanib is registered in some
countries for improvement of progression-free survival [100]. As with non-uterine
UPS, the role of immunotherapy is currently under active investigation but is
regarded as experimental [101].

11.7.3 Uterine Leiomyosarcoma (ULMS)

ULMS exhibit a range of clinical behaviours. Histological grading does not always
correlate with clinical behaviour, but extremes of Ki67 can be predictive. The
Cancer Genome Atlas Network described a low tumour mutational burden in both
uterine and soft tissue LMS, as well as PI3K/AKT signaling alterations, and muta-
tions in p53, RB1 and PTEN [102]. It may be that the PI3K-AKT-MTOR pathway
will be an actionable target in the future, though this remains speculative at present.
Pathogenic BRCA2 variants have been identified in a small subset (<10%), and a
small number of those patients have been demonstrated to have a durable response
to poly (ADP-ribose) polymerase inhibitor therapy [103].

ULMS are usually included in clinical trials of therapies in metastatic LMS, but
outcomes are rarely reported for them as a distinct subgroup. They respond to the
standard agents used in other soft tissue sarcomas, including doxorubicin, ifos-
famide, dacarbazine, trabectedin and gemcitabine in combination with docetaxel
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[22, 29, 31, 40, 104—-108]. There are more specific data, either from dedicated trials
or large predefined subsets using doxorubicin with or without ifosfamide and gem-
citabine with or without docetaxel [104—106, 109]. The highest response rates were
seen with gemcitabine and docetaxel combination [106, 110]. Uterine LMS were
included in the trials of the PDGFR-alpha monoclonal antibody olaratumab, which
looked promising in phase II trials, but failed to meet its primary endpoint in the
phase III trial of its use in combination with gemcitabine and docetaxel [111].
Uterine leiomyosarcoma was included in two trials of PD-1 inhibitor therapy in
LMS, with discouraging results. Tawbi et al. identified no responses in 10 patients
with ULMS who received pembrolizumab, and Ben-Ami et al. reported no responses
in 12 patients who received nivolumab [112, 113]. Alternative immunotherapeutic
approaches will therefore be needed if this modality is to find a role for patients with
this histology.

High-grade ULMS are aggressive soft tissue malignancies. They are more likely
to carry p53 mutations than their lower-grade counterparts and express high Ki67,
with low or no hormone receptor expression. Lower-grade ULMS follow a more
indolent disease course and frequently express oestrogen and progesterone recep-
tors. Hormonal therapies have been used historically for indolent disease, without a
strong evidence base. A single-arm phase II trial of letrozole for the treatment of
ULMS demonstrated a 12-week progression-free survival rate of 50%, with a best
objective response of stable disease [114]. Friedlander et al. have formally studied
anastrozole in patients with hormone receptor-positive gynaecological sarcoma but
are yet to publish results [115]. Tumours progressing through hormonal therapy are
offered standard chemotherapeutic options.

Benign metastasizing leiomyomata are an extremely indolent, low-grade myo-
metrial variant, most commonly identified in the lung. They strongly express hor-
monal receptors. The primary tumour may not be identified if the patient has
undergone a previous hysterectomy, as features of malignancy may not have been
identified. Primary tumours may have been reported as atypical fibroids, or smooth
muscle tumours of uncertain malignant potential. Observation or hormonal therapy
is the most common initial management [116, 117].

11.7.4 Endometrial Stromal Sarcoma (ESS)

Low-grade ESS are the most common subtype of ESS. They are indolent tumours,
characterized by strong expression of hormone receptors, CD10 and Bcl2. At a
molecular level, JAZF'] rearrangements are common and are regarded as diagnostic
[118]. They are highly sensitive to progestins, such as medroxyprogesterone
(Provera), and hormonal therapy is favoured over cytotoxic agents in the first line.
Chemotherapeutic agents are generally reserved for patients with hormone-resistant
disease [118-120].

High-grade ESS have an aggressive natural history, are characterized by a lack of
hormone receptor and CD10 expression and may have a translocation which results
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in the in-frame fusion gene, YWHAE-FAM?22 [121, 122]. They are managed with the
same chemotherapeutic agents as other high-grade soft tissue sarcomas.

11.7.5 Ovarian Sarcoma

Pure ovarian sarcomas are extremely rare tumours, and there are no prospective tri-
als to guide management. Their prognosis is worse than epithelial tumours of the
same stage [123]. In the absence of robust tumour-specific data, management is
often extrapolated from uterine leiomyosarcoma.
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The Role of Systemic Therapies 1 2
in the Management of Bone Sarcoma

Yat Hang To, Lisa Orme, and Jeremy Lewin

12.1 Introduction

Primary malignant bone tumours are rare, accounting for an estimated 0.2% of all
newly diagnosed cancer case with approximately 255 new cases diagnosed in
Australia per year [1, 2]. Although relatively rare on a population level, the majority
of bone sarcomas occur within adolescent and young adults (AYA), representing the
third most frequent cancer within this group. They encompass an array of histologi-
cal and genetic subtypes of mesenchymal origin with the 2013 World Health
Organisation classification defining more than 30 different types of primary bone
cancers [3]. Of these, the most common types are osteosarcoma (35%) and Ewing
sarcoma (16%) in children and AYA patients, and chondrosarcoma (30%) in older
individuals (16%) [1].

The dramatic improvement in outcomes for patients with Ewing sarcoma and
osteosarcoma is predicated on a multidisciplinary approach with routine adminis-
tration of multi-agent chemotherapy regimens. Although 80-85% of individuals
will present with localised lesions, control with surgical resection alone is
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inadequate to optimise cure on the basis that the majority of patients with high-
grade bone sarcoma will have subclinical micrometastatic disease [4—7]. With cur-
rent approaches, contemporary series have demonstrated that approximately
70-80% of patients with localised osteosarcoma or Ewing sarcoma are cured of
disease [8, 9]. Even in metastatic disease, cure is often achievable in selected indi-
viduals, particularly for those with metastasis limited to the lungs [10-12].

Beyond osteosarcoma and Ewing sarcoma, there are a heterogenous group of
additional bone tumours that require nuanced consideration in the utility of sys-
temic therapies. For example, chondrosarcoma is the most frequent sarcoma in
adulthood with the majority being low-grade lesions where chemotherapy is typi-
cally ineffective [13]. However, systemic therapy may be appropriate in certain situ-
ations: for example, in those with dedifferentiated or mesenchymal subtypes, or
those with targetable driver mutations [14, 15]. Similarly, the treatment of giant cell
tumour of bone (GCTB), which is a benign but locally aggressive neoplasm, has
been revolutionised with the use of denosumab, a fully humanised monoclonal anti-
body to receptor activator of nuclear factor kinase ligand (RANKL), for those with
unresectable disease [16].

12.2 Special Considerations

Given the rarity of sarcoma, experience and caseload are associated with improved
outcomes. The importance of having patients managed in high volume multidisci-
plinary expert sarcoma centres embedded with clinical trials cannot be understated.
In addition, both the disease and its treatment carry the risk of significant morbidity
and premature mortality that leads to long-term physical and psychological sequelae
that requires particular consideration.

12.2.1 Genetic

The diagnosis of bone sarcoma, particularly in children, should heighten clinicians
to the potential for germline genetic abnormalities and referral to a familial cancer
clinic. For example, mutations in 7P53, or Li-Fraumeni syndrome are associated
with osteosarcoma, Ewing sarcoma and rhabdomyosarcoma [17]. Similarly, indi-
viduals who survive childhood retinoblastoma with a germline RB1 mutation are at
particular risk of developing subsequent osteosarcoma [18].

12.2.2 Adolescent and Young Adults

AYA (aged 15-25 years in the Australian setting) experience poorer outcomes com-
pared to paediatric and older patients [19, 20]. Although specific causes are unclear,
there is likely to be multiple contributing factors such as delayed diagnosis,



12 The Role of Systemic Therapies in the Management of Bone Sarcoma 191

decreased rates of participation in clinical trials, altered biology and differences in
chemotherapy metabolism [21-25]. In addition, AYA require specific consideration
given their unique developmental and psychosocial concerns thus referral to dedi-
cated services that focus on positive adolescent development and provision of youth
relevant health interventions is strongly encouraged.

12.2.3 Fertility Preservation

Given the younger age demographics of this cohort, patients of reproductive age
planned to receive gonadotoxic chemotherapy or pelvic irradiation should have dis-
cussion regarding fertility preservation prior to commencing treatment. Sperm stor-
age is recommended for male patients. For female patients, a fertility specialist
should be consulted about potential oocyte cryopreservation or ovarian tissue sam-
pling and cryopreservation if time permits [26, 27].

12.2.4 Disease and Late Effects Surveillance

With improving survival, follow-up approaches for patients with bone sarcoma are
increasingly important. Post-treatment assessment includes radiological surveil-
lance, managing chronic toxicities and addressing the survivorship concerns of indi-
viduals [28]. Increasing literature stemming from paediatric late effects surveillance
continues to define the cumulative post-treatment burden experienced by survivors
of bone sarcoma. These include cardiac complications [29], impaired physical per-
formance [30], obesity [31], infertility and neuro-cognitive impairment [32]. Of
additional concern, survivors face an increased risk of secondary malignancies and
premature mortality from non-cancer causes [33, 34]. The Children Oncology
Group has published guidelines for long-term survivorship follow-up to guide man-
agement [35].

12.3 Osteosarcoma

Multi-modality therapy including neoadjuvant chemotherapy followed by wide
resection of the primary tumour and further adjuvant chemotherapy is the current
standard of care for localised osteosarcoma. Induction chemotherapy in particular
offers several distinct advantages:

e Increase time for patient and surgeon to discuss and plan resection and
reconstruction.

¢ Lead time for multidisciplinary planning of surgery, method of limb reconstruc-
tion (if appropriate) to allow optimal outcome for both disease control and
function.
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e Down-staging of primary tumours to facilitate limb-sparing surgery [36].

e Better demarcation of the tumour against surrounding tissue and improving sur-
gical outcomes [36].

e Providing prognostic information; the degree of tumour response to neoadjuvant
treatment is one of the most reliable prognostic factors in osteosarcoma [37, 38].

The four key cytotoxic drugs that have shown activity in osteosarcoma are doxo-
rubicin, cisplatin, high-dose methotrexate (HDMTX) with leucovorin rescue and
ifosfamide [11, 39]. Of these, doxorubicin has the greatest single agent activity but
is limited by cardiotoxicity [40]. Preferred chemotherapy regimens are therefore
based on various combinations of these drugs. A meta-analysis of 19 studies, most
of which were based on paediatric patients, demonstrated that a combination of
three drugs is superior to two but there are no further benefits in using a four-drug
regimen [40].

In our centre, the most commonly accepted approach we use in younger patients
(those aged below 30 years and in selected cases below 40 years) is high-dose meth-
otrexate, doxorubicin and cisplatin (MAP regimen). There are various permutations
of this treatment with varying doses and schedules [41-43]. Given its general accep-
tance, MAP is used as the control arm in a number of prospective studies, demon-
strating 5-year survival rates of 70 to 80% [41-43]. Generally, two cycles of MAP
are given prior to local therapy with a further four cycles given post-operatively. An
example (Fig. 12.1) is the regimen used in the control arm of the international mul-
ticentre collaborative EURAMOS-1 trial, as shown below [43]:

Careful monitoring of organ function is required. Baseline assessment of renal
function and audiology is performed and cisplatin is omitted in the final two
cycles at a cumulative dose of 480 mg/m? to avoid significant accumulative
nephro- and ototoxicity. Assessment of baseline cardiac function is mandated
with either a gated blood pool scan or transthoracic echocardiogram and is
repeated during therapy for early detection of cardiotoxicity that may require
omission of doxorubicin as the dose approaches its final cumulative total of
450 mg/m? [44]. Furthermore, doxorubicin and cisplatin can be given as split-
dosing over days 1 and 2 of each cycle.

MAP
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A — Doxorubicin 75mg/m2/course
P — Cisplatin 120mg/m2/course
M — Methotrexate 12g/m2/course

Fig. 12.1 Multi-agent chemotherapy regimen for osteosarcoma
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The role of HDMTX in adults is unclear as nearly all trials exploring HDMTX
have been conducted in children or patients aged up to 40 years [43, 45]. Increasing
age is associated with important differences such as the increased incidence of his-
tologic variants of osteosarcoma (including secondary osteosarcomas), medical co-
morbidities that may limit tolerance to dose-intensive chemotherapies and less
efficient clearance of MTx [46]. Given these factors, we recommend that HDMTX
be given only to children and adults aged below 30 years or in selected cases for
those aged below 40 years. For older patients, it is our practice that a combination
of cisplatin and doxorubicin alone be given for a total of six cycles, two delivered
pre-operatively and four post-operatively,

Response to induction chemotherapy is a major prognostic factor. “Good
responders” have tumour necrosis greater than 90% on histological examination of
the primary tumour. This is associated with a more favourable survival compared to
poor responders with histological tumour necrosis <90% [11, 45]. In one series of
1058 patients with osteosarcoma, a good histological response was achieved in 59%
treated with pre-operative chemotherapy. The 5-year survival rate was significantly
higher in good responders (68% compared to 52%) [45]. The Children’s Oncology
Group also published a report that demonstrated 8 year survival rates of 87% for
good responders, compared to 52% for poor responders [47].

Aiming to improve the inferior outcomes seen in poor responders, there has been
interest in modifying post-operative chemotherapy based on histopathological
response. In the international EURAMOS-1 trial, 618 patients with a poor histo-
pathological response after induction chemotherapy were randomly assigned to
MAP with or without ifosfamide and etoposide (IE) after surgery [43]. The addition
of IE did not appear to improve event-free survival and was associated with increased
toxicities. As such, MAP remains the standard adjuvant chemotherapy regardless of
the degree of histological response and should be resumed promptly as a delay of
greater than 21 days after definitive surgery is associated with poorer outcomes [48].

Investigational agents have included liposomal muramy]l tripeptide phosphatidyl
ethanolamine, commonly known as mifamurtide, an immunomodulatory agent that
binds to macrophages and monocytes, inducing interleukin and cytokine production
[49]. The addition of mifamurtide to three or four drug combination chemotherapy
(MAP with or without ifosfamide) appeared to improve six-year overall survival in
a large phase III study (78% versus 70%) of newly diagnosed, resectable, localised
osteosarcoma [50]. However, in subsequent analyses, there appeared to be a signifi-
cant interaction between mifamurtide and ifosfamide, ultimately obscuring its
potential benefit [51]. This uncertainty has led to the approval of mifamurtide by
European regulatory bodies but not the US Food and Drug administration (FDA).

12.3.1 Metastatic Disease

Approximately 20% of patients will present with macro-metastatic disease at diag-
nosis, with estimated 5-year survival rates of only 20%, compared to 80% seen in
non-metastatic presentations [52-54]. Any chance of cure is predicated upon
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achieving complete surgical resection of all disease. As such, an aggressive multi-
modality approach aiming for complete surgical resection of disease is usually
adopted.

Lung is the most common site of metastasis, with bone and soft tissue being less
common [55]. The number of metastases at diagnosis is considered prognostic [56,
57]. Complete resection of all clinically detectable lung metastases has been shown
to improve outcomes, with 5-year event-free survival rates of 20 to 30% [58, 59].
Therefore, metastasectomy is usually pursued where feasible.

The same active chemotherapy agents are considered to treat metastatic osteosar-
coma and the MAP backbone is utilised if a curative approach to therapy is under-
taken. In our centre, we would suggest MAP for patients aged below 30 to 40 years
of age and combination of cisplatin and doxorubicin alone for older patients. Other
regimens can be considered. Of note, the combination of etoposide and high-dose
ifosfamide was explored in a study of forty-three patients with primary metastatic
osteosarcoma. This study demonstrated a projected 2-year progression-free survival
rate of 39% for those with lung metastases and 58% of those with bone metastases
albeit with significant haematological and renal toxicities [60]. However other stud-
ies using other cytotoxic combinations demonstrate only modest disease-free sur-
vival rates [61]. More intensive approaches incorporating high-dose chemotherapy
with stem cell rescue have failed to significantly improve long-term survival beyond
20% [62].

In general, complete resection of all sites of metastatic disease should be under-
taken. Failing this, outcomes are poor and enrolment into clinical trials should be
considered.

12.3.2 Post-Treatment Surveillance

Surveillance is based on consensus-based guidelines rather than prospective
data and survival benefits are unclear. The National Comprehensive Cancer
Network (NCCN) and Children’s Oncology Group (COG) have recommended
physical examination, chest imaging, and local imaging of the primary site
every three months for two years, every four months for year 3, then every
6 months of years 4 and 5, and annually thereafter [63, 64]. CT rather than chest
x-ray is utilised to maximise early detection of oligometastatic lung recurrence
that may be offered curative resection. A head-to-toe PET/CT or bone scan may
also be considered.

Other consensus guidelines, including those published by the European Society
of Medical Oncology (ESMO), vary in regard to recommended timing of disease
surveillance resulting in uncertainty over the optimal scheduling [26]. Consideration
also needs to be given for patients transitioning from paediatric to adult centres.
There is significant variation between the practice of paediatric and non-paediatric
oncologists in regard to long-term follow-up and this places AYA at risk of disen-
gagement [28]. Further work is needed to ensure greater uniformity in follow-up
practices and guidelines.
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As stated, survivors of primary bone cancers have overall worse morbidity and
premature mortality. Therefore, long-term follow-up for treatment-related toxicity
should continue indefinitely. The COG has published survivorship guidelines to
guide management in this area [35].

12.3.3 Recurrent and Relapsed Disease

About 30% of patients with disease remission after primary treatment for localised
disease and 80% of patients with primary metastatic disease will relapse [63]. In a
series of 564 patients, the median time to recurrence was 13 months and overall
medial survival was poor at 14 months, with those recurring within 2 years having
the worst prognosis [65]. Salvage is still possible, particularly in those with limited
pulmonary disease and in whom a second surgical remission is possible [66].
Therefore, resection of recurrences should be undertaken where possible, especially
in those with isolated pulmonary disease. The role of post-surgery chemotherapy in
these cases is still unclear but can be considered.

Osteosarcoma is less chemo-responsive than Ewing sarcoma and disease control
periods are generally short without a defined optimal salvage chemotherapy regi-
men [66]. Studied combinations include ifosfamide plus etoposide, cyclophospha-
mide plus etoposide and gemcitabine plus docetaxel, with varying response rates of
around 13% to 48% [67-69]. Our practice is to offer combination of ifosfamide and
etoposide to patients if there is a possibility of cytoreductive surgery following a
significant chemotherapy response. However, long-term survival is poor and treat-
ment of recurrent osteosarcomas is still an area of unmet need. Enrolment in clinical
trials where available is suggested.

Investigational agents have included radiopharmaceutical approaches such as
samarium-153 ethylenediamine tetramethylene phosphate (Sm153-EDTMP) and
radium-223 dichloride (Ra-223), particularly in bone metastases but is limited by
myelotoxicity [70, 71]. Sorafenib, a vascular endothelial growth factor receptor
(VEGFR) inhibitor, has also been demonstrated to have activity in patients with
relapsed and unresectable osteosarcoma after failure of standard multi-modality
therapy [72]. A phase II study of regorafenib, an oral multi-kinase inhibitor, has
demonstrated an 8-week clinical benefit rate of 65% in 43 patients with progressive
osteosarcoma after one to two lines of chemotherapy [73]. In the SARC024 study,
regorafenib was demonstrated to have improved median PFS compared to placebo
(3.6 versus 1.7 months) in patients with progressive metastatic osteosarcoma who
had received an average of 2.3 lines of prior chemotherapy [74].

12.4 Ewing Sarcoma Family of Tumours

The Ewing sarcoma family of tumours (ESFTs) are a group of cancers that includes
Ewing sarcoma of bone, extraosseous Ewing tumours, primitive neuroectodermal
tumours (pNET) and Askin’s tumour of the chest wall. These are all thought to arise
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from a common mesenchymal progenitor cell origin and are histologically charac-
terised by sheets of small, round, blue cells [75]. ESFT share and are distinguished
from other small round cell tumours by a distinct reciprocal chromosomal translo-
cation, all involving the EWS gene on chromosome 22 [76]. The most common is a
reciprocal translocation between chromosome 11 and 22, resulting in the formation
of the EWS-FLII fusion gene, an aberrant transcription factor found in 90% of all
ESFT [77, 78]. In a minority of Ewing sarcoma, the EWS has a different fusion
partner including ERG, ETVI and EAIF genes [78].

Ewing-like tumour is a term used to describe a subset of round cell sarcomas
occurring in children or young adults that share similar microscopic features of
ESFT but lacking the reciprocal translocation in the EWS gene. In one case series of
22 patients, 68% were found to harbour CIC rearrangements [79]. CIC is a tran-
scriptional repressor and mutations in this gene are associated with other cancers
such as glioblastomas [80]. Alternative fusions involving the BCOR gene, another
transcription repressor, have also been described [81]. Ewing-like tumours can have
atypical features such as angulated nuclei or spindle cell morphology and are
thought to be more aggressive than classical ESFT [82, 83]. Whilst they are thought
to be less responsive to standard ESFT chemotherapy, the same management prin-
ciples and chemotherapy regimens are applied to these tumours [84].

Multi-agent chemotherapy has greatly improved survival rates for patients with
localised ESFT from 10 to 70-80% [10, 85, 86]. As with osteosarcoma treatment,
incorporation of cytotoxic chemotherapy prior to and following local treatment is
standard. The period of induction therapy allows for response assessment and care-
ful multidisciplinary planning of definitive local therapy for site(s) of disease. ESFT
is radiosensitive and local therapy may include surgery and/or radiation therapy
[87]. When radiation therapy is used, chemotherapy is given concurrently with
removal of the anthracycline for 2 cycles to avoid risk of radiation recall. For local-
ised ESFT, our practice is to deliver four to six cycles of neoadjuvant multi-agent
chemotherapy induction over 12 weeks prior to definitive local therapy and then
consolidation chemotherapy is given post-operatively for a total of fourteen cycles.

The current standard therapy that we utilise is based on a series of trials demon-
strating incremental improvements beginning with the first Intergroup Ewing’s
Sarcoma study (IESS-I). This trial demonstrated that patients with localised primary
tumours treated with vincristine-actinomycin-cyclophosphamide (VAC) plus doxoru-
bicin (VAC-D) had superior recurrence free survival (RFS) compared to those treated
with VAC plus chest irradiation or VAC alone (5-year RFS; 60% versus 44% versus
22%, respectively) [88]. The subsequent IESS-II study demonstrated that high-dose
intermittent 3-weekly dosing was superior to moderate-dose weekly chemotherapy
[89]. Further analyses determined that doxorubicin dose-intensity was critical to
favourable outcomes and therefore dactinomycin was subsequently removed from
further trial regimens, establishing vincristine-doxorubicin-cyclophosphamide (VDC)
as the treatment backbone [90]. Further improvement to long-term survival was
achieved by adding alternating cycles of ifosfamide/etoposide (VDC-IE) with signifi-
cantly better five-year RFS compared to VDC alone (69% versus 54%) [91].
An example of the schedule and dosing of VDC-IE is shown below (Fig. 12.2).
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Cycle Week Treatment
1 1 VDC
2 3 IE vDC
3 5 VDC - Vincristine 2mg/m2 IV day 1
4 7 IE - Doxorubicin 37.5mg/m2/d IV days 1 and 2
5 9 VDC - Cyclophosphamide# 1200mg/m2 IV day 1
6 11 IE IE

- Ifosfamide# 1800mg/m2/d days 1 to 5

Local therapy - Etoposide 100mg/m2/d days 1 to 5

7 13 VDC
8 15 IE * Doxorubicin is omitted due to potential
17 VDC accumulative cardiotoxicity
9 E #Concurrent mesna is required given risk of
10 19 haemorrhagic cystitis
11 21 VC*
12 23 IE
13 25 VC*
14 27 IE

Fig.12.2 VDC-IE multi-agent regimen for Ewing’s sarcoma

Given ESFT’s sensitivity to alkylating agents, which have a steep dose-response
curve, several approaches have been explored to exploit this dose—response rela-
tionship. One such method is treatment with interval-compressed VDC-IE, reduc-
ing the interval between treatment courses from 3 to 2 weeks (14 day cycles). The
phase III COG AEWSO0031 trial demonstrated that 2 weekly VDC-IE was associ-
ated with improved 5-year RFS (73% vs. 65%) and with a similar toxicity profile
[8]. However, this study was based on a younger patient population with only 10%
of patient being aged above 18 years, and tolerability and efficacy are therefore
unknown in older individuals. Interval-compressed VDC-IE with granulocyte
colony-stimulating factor (G-CSF) support is therefore widely adopted as the stan-
dard regimen for front-line treatment of children and adolescents with localised
EFT and the schedule is shown below. Conventional 3-weekly VDC-IE is still con-
sidered for patients >25 years as safety, feasibility and toxicity data of interval com-
pression is lacking in the adult patient population.

European co-operative groups have employed a different approach utilising risk
stratified treatment of localised tumours. As per European EuroEWING-99 and
EWING 2008 trials, a different induction backbone was used comprising six three-
weekly courses of vincristine-ifosfamide-doxorubicin-etoposide (VIDE) [92, 93].
Following induction chemotherapy and surgery, patients were stratified as standard
risk if they had good histological response (>90% tumour necrosis). Patients were
stratified as high risk if they had:

e Localised disease and poor histological response at surgery after induction
chemotherapy.

e Initial surgery or in whom surgery was not feasible and had large volume tumour
(>200 mL) at diagnosis.
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Standard risk patients received standard consolidation chemotherapy with eight
cycles of vincristine, actinomycin and cyclophosphamide or ifosfamide. Two-
hundred and fourteen high-risk patients were then randomised to either seven
courses of vincristine-dactinomycin-ifosfamide (VAI) or myeloablative megather-
apy with busulfan plus melphalan (BuMel) followed by autologous haematopoietic
cell rescue. BuMel autograft was associated with improved 8-year EFS (61% versus
47%) and overall survival (65% versus 56%).

This risk stratified approach can be considered in patients with localised disease.
Results are awaited for recent studies comparing VIDE with VDC-IE backbone.
Such an approach for patients with high-risk localised disease may result in
increased lung and gonadal toxicities and requires careful consideration regarding
the interaction between radiation therapy and busulfan. The choice also needs take
into account the treating centre’s familiarity with the regimen. Furthermore, care
must be taken as this study was in patients younger than 50 years and three patients
died of treatment-related toxicities [93].

12.4.1 Metastatic Disease

About 20-50% of patients with ESFT will present with primary metastatic disease
[94] [95]. Outcomes are poor, with survival rates dropping to 40% for patients with
lung only metastases and 6% for other sites [96]. Standard treatment for these
patients is unclear given the scarcity of randomised data, therefore enrolment into
clinical trials should be considered.

In general, the approach to primary metastatic ESFT is multi-agent chemother-
apy combined with definitive local therapy of all sites of disease where possible.
Even in cases of disseminated metastatic disease, such an approach may achieve a
complete remission and a significant period of disease control beyond therapy. For
patients with pulmonary metastases, chemotherapy followed by supplemental
whole lung irradiation is recommended for those who achieve a complete response
to chemotherapy. Whole lung irradiation has been demonstrated to reduce the rate
of pulmonary relapse by 50% and improve EFS [97]. Metastasectomy is reserved
for residual pulmonary disease after chemotherapy and radiotherapy.

The same chemotherapy regimens used in localised ESFT is generally employed.
VDC-IE is the most widely used but its efficacy over VDC in metastatic disease is
unclear. Of 120 patients with metastatic ESFT enrolled in the original trial of alter-
nating IE with VDC, 59 were assigned to VDC-IE and 62 to VDC alone [91]. There
was no significant difference in event-free survival between the two treatment
groups. The role of HDCT has also been investigated in a subset of patients with
primary lung metastases enrolled in the EuroEWING-99 trial [98]. Six cycles of
VIDE were completed in 250 patients (89%) and 169 of these patients (60%) sub-
sequently received BuMel autograft. The 3-year OS was 34% demonstrating that
such intensive therapy can be tolerated and has clinical activity. However the
EuroEWING 99-2pulm trial did not demonstrate any benefit of BuMel autograft
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compared to seven courses of VAI and lung irradiation (VAI-RT) in patients with
primary lung metastases following VIDE [99]. The current EWING 2008 trial
(NCTO00987636) randomised patients with primary disseminated metastases who
completed VIDE induction therapy to VAI consolidation chemotherapy with or
without HDCT and results are awaited. Therefore, the place of HDCT in the treat-
ment of primary metastatic disease remains unclear and is usually not recommended
outside of clinical trials.

12.4.2 Post-Treatment Surveillance

Consensus-based guidelines recommend physical examination, chest imaging, and
local imaging of the primary site every three months for two years, then every six
months of years 3 to 5, and annually thereafter [63, 64]. Long-term follow-up for
survivors to address complications from combined treatments and risk of secondary
malignancies is also vital.

12.4.3 Recurrent and Relapsed Disease

Relapse following primary therapy is associated with poor prognosis, with an esti-
mated 5-year overall survival and event-free survival rates of 10-20% and 5-10%,
respectively [100, 101]. Poor prognostic factors are relapse within two years of
therapy, recurrence at combined local and distant sites and elevated lactate dehydro-
genase at diagnosis [101].

Salvage with systemic therapy and local control, especially in those with late
pulmonary relapse can be effective, with long-term survival rates of 40% [102]. The
most commonly used chemotherapy regimen is combination of irinotecan and
temozolomide (IT) however evidence is based on phase I trials or case series with
varying doses and schedules and primarily in paediatric patients. Estimated response
rates range from 17 to 55% with median progression-free survival of 3 to 8 months
[103-105]. Combination IT with vincristine was explored in a small number of
patients, demonstrating response rates of 63% and a 10-month survival rate of 22%
[106]. Other options include topotecan plus cyclophosphamide (response rates of
35%), high-dose ifosfamide (34%), oral etoposide (24%) and docetaxel plus gem-
citabine (29%) [107-110]. The current rEECur trial (NCT02727387) seeks to com-
pare chemotherapy regimens for relapsed ESFT. As the majority of ESFT patients
are young with limited co-morbidities, relapse even if not salvageable may be effec-
tively controlled with serial lines of chemotherapy and radiation therapy if the dis-
ease remains chemo-sensitive.

The role of HDCT in the relapse setting is unclear and evidence is based on ret-
rospective series [111]. Further prospective research is needed for relapsed ESFT as
all studies to date have been small and the best treatment is still unknown. Enrolment
onto open clinical trials is strongly recommended.
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12.4.4 Special Considerations

12.4.4.1 Local Therapy

Surgery (with or without post-operative radiotherapy) achieves better local control
than radiation alone and so should be the primary consideration [112, 113].
Definitive radiation should be reserved only for patients in which function-
preserving surgery is not possible.

Timing of local therapy is critical as significant delays are associated with worse
survival. In our centre, local therapy occurs after 12 weeks of neoadjuvant chemo-
therapy following response assessment and multidisciplinary planning during
induction chemotherapy. In one study, 10-year overall survival for patients with
localised ESFT was improved in those that received local therapy at 6 to 15 weeks
from chemotherapy initiation (70.3%) compared to those delayed to >16 weeks
(57.1%) [114]. The difference in survival appeared to be compounded in patients
receiving radiation therapy alone. Therefore, careful planning to ensure appropriate
timing of local therapy is paramount.

12.5 Giant Cell Tumour of Bone

GCTB is rare, non-malignant osteolytic tumours that account for 3—-5% of all pri-
mary bone cancers [115]. Although usually considered benign, they are often locally
aggressive and 2-3% of GCTB cases will develop distant disease, predominantly
with pulmonary implants [116, 117]. Spontaneous malignant transformation is also
possible but given its rarity, incidence is unknown.

Surgery with en bloc excision and intralesional curettage are traditional treat-
ments for resectable disease [118]. The aim of any surgical approach is to remove
the tumour whilst preserving functional anatomy. Local recurrence rates vary
according to the surgical technique and whether packing of the defect with bone
cement or graft is undertaken [119, 120]. Local intra-operative adjuvant therapies
with chemical or thermal methods have been used but randomised data supporting
their use is lacking [121-123].

The recognition of RANKL (receptor activator of nuclear factor kinase ligand)
as an important factor in the pathogenesis of GCTB has led to the use of deno-
sumab, a fully humanised monoclonal antibody against RANKL. Pre-operative
denosumab is a reasonable approach in patients who have potentially resectable
GCTB but for whom upfront surgery would result in unacceptable functional out-
comes or significant morbidity. Denosumab therapy is also associated with improved
pain control and function [16]. Pooled analyses have indicated that denosumab
therapy is associated with high radiographic response rates of 60-100% and histo-
pathological response rates of 80% [124, 125]. It is also associated with improved
recurrence rates of 9-10%, compared to historical controls of 35—45% for curettage
alone [126]. However, follow-up for these trials has been short and long-term toxic-
ity data is still immature. Regardless, pre-operative denosumab is approved for use
in GCTB. Recommended dosing is 120 mg subcutaneously every 28 days but
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optimal duration is not well established and in trials, have varied widely from 6 to
153 months [16, 63, 127, 128]. Given the lack of long-term toxicity data, the dura-
tion of treatment should be kept as short possible, often 6 months, in order to con-
vert the patient to operable.

The role of adjuvant denosumab is still unclear. There is only limited conflicting
data and as such, it is not recommended to use denosumab in the adjuvant setting
[129, 130].

12.5.1 Unresectable or Metastatic Disease

Denosumab is recommended in patients with unresectable or metastatic disease.
Evidence is drawn from a seminal phase II trial of 37 patients treated with 120 mg
of monthly denosumab after loading doses on days 8 and 15 of the first month [16].
Of the 35 assessable patients, 85% had an either radiographic or histological (>
90% elimination of giant cells on evaluation) response. Further expansion of this
trial involved 282 patients including those with surgically unsalvageable GCTB or
in whom surgery was likely to be associated with severe morbidity [128]. After
median follow-up of 13 months, 96% of those with unresectable disease had no
evidence of disease progression. Of those in whom upfront surgery was deemed
unacceptable due to anticipated morbidity, 74% had no surgery and 62% of those
that underwent surgery had a less morbid procedure than initially planned. Although
a high clinical benefit rate is seen in this young age demographic, limited informa-
tion is known about its long-term effects including rates of osteonecrosis of the jaw,
atypical femoral fractures, malignant transformation and effect on fertility.

Chemotherapy and interferon therapy have been used in GCTB [131-135].
However randomised data is lacking and evidence is mostly based on case series.
Interferon alfa-2b is recommended by some guidelines as an alternative when serial
embolization, denosumab or radiation therapy is not possible but its poor tolerance
must be taken into consideration [63].

12.5.2 Post-Treatment Surveillance
The National Comprehensive Cancer Network (NCCN) has recommended physical

examination, imaging of the surgical site when clinically indicated, and chest imag-
ing every 6 months for 2 years then annually thereafter [63].

12.6 Chondrosarcoma

Chondrosarcomas are a heterogeneous group of neoplasms that arise from trans-
formed cells that produce cartilage. It is the third most common primary bone can-
cer, accounting for 30% of all cases [1]. They are histologically classified into three
grades based on nuclear size, pattern of staining, cellularity and mitotic rate [136],
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and this provides prognostic information [137, 138]. Ten year survival rates for
grade I and grade II tumours are greater than 90% and 62-86%, respectively [139—
141]. High-grade or grade III tumours have worse prognosis, associated with high
metastasis rates and 10-year survival of only 55% [141].

Histologically, chondrosarcomas are divided into several types [3]. The most com-
mon, conventional chondrosarcoma, accounts for nearly 85% of all cases and is fur-
ther subdivided into 1) central, arising from the medullary cavity and usually in the
absence of a precursor (commonly referred to as central primary chondrosarcoma) or
2) peripheral, developing from the surface of the bone and transforming from pre-
existing benign cartilage lesions such as endochondromas or osteochondromas [13,
142]. A minority (<1%) occurs at the surface of bone, likely of periosteal origin and is
referred to as periosteal chondrosarcomas, previously known as juxtacortical [13].

Several other rare subtypes also exist, accounting for 10-15% of
chondrosarcomas:

e Clear cell—characterised by numerous cells with abundant clear, vacuolated
cytoplasm [143]. Although usually classified as a low-grade variant, recurrence
after simple excision and curettage is high [144]. Prognosis is excellent when
treated with adequate wide surgical margins with 10 year disease survival rates
of 90% [143]. However, it has a tendency for very late recurrence and metastasis
even 20 years after initial diagnosis [143, 145]. Therefore, long-term follow-up
is mandatory.

e Dedifferentiated—a high-grade, non-cartilaginous sarcoma juxtaposed with a
low or intermediate chondrosarcoma with an abrupt interface between the two
components [146]. The differentiated component can demonstrate various fea-
tures such of those found in osteosarcoma, angiosarcoma or leiomyosarcoma. It
exhibits aggressive behaviour and has a poor 5-year survival of less than
20% [147].

¢ Mesenchymal—a rare high-grade variant composed of both undifferentiated
small cells and islands of atypical cartilage [148]. Around 22-50% originate in
soft tissue, especially within the central nervous system [149, 150]. Mortality
rates are also high, estimated at 54% [151]. They also have a tendency toward
late local and metastatic recurrence [152]. Given its rarity, standard treatment is
unknown.

Wide excision with negative margins is the standard treatment for chondrosarco-
mas, regardless of grade [63]. In selected cases of low-grade and extremity localised
chondrosarcomas, intralesional excision can be considered [63, 153].

Chondrosarcoma, particularly conventional and clear-cell types, are generally
considered chemo- and radio-insensitive given their low percentage of dividing
cells and poor vascularity [13]. Therefore, adjuvant chemotherapy is not recom-
mended even in intermediate-to-high grade conventional tumours [13, 63]. There is
limited evidence for the use of chemotherapy in other subtypes:

e Mesenchymal—there are a number of case series and retrospective studies show-
ing the potential benefit to chemotherapy [154—156]. The optimal timing and
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regimens are unclear, with patients receiving a number of agents including dacti-
nomycin, platinum derivatives, anthracyclines, etoposide and methotrexate
[154]. In one retrospective study, the addition of chemotherapy to surgery
appeared to increase 10-year survival from 46% to 80% [155]. Response rates to
chemotherapy of up 31% have been reported [156].

e Dedifferentiated—the evidence is unclear with conflicting conclusions drawn
from retrospective studies. One retrospective study of 18 patients concluded
adjuvant chemotherapy appeared to offer a survival benefit but this is not consis-
tent with other reviews [14, 157, 158].

Regardless of the histological subtype, further prospective data is needed and
enrolment into open clinical trials is recommended.

12.6.1 Metastatic Disease

There is limited evidence to support resection of metastases, particularly of the
lungs, but consensus guidelines do recommend excision of all disease sites if pos-
sible [63, 159]. A single small prospective trial demonstrated the benefit of combi-
nation of cisplatin and doxorubicin with two of six patients with dedifferentiated
chondrosarcoma achieving a complete response and two of five patients with mes-
enchymal chondrosarcoma experiencing stable disease [160]. Another retrospective
study of 180 patients with advanced chondrosarcomas treated with mostly
anthracycline-based regimens reported response rates of 31% for mesenchymal
chondrosarcoma, 20.5% for dedifferentiated, 11.5% for conventional and 0% for
clear-cell subtype [156].

12.6.2 Surveillance

Guidelines recommend physical examination, imaging of the primary site and of the
chest as clinically indicated every 6 to 12 months for 2 years then yearly as appro-
priate for low-grade lesions [63].

A more intensive program is recommended for high-grade lesions given the
higher propensity for metastases and late recurrences. Physical examination, imag-
ing of the primary site and of the chest every 3 to 6 months for the first 5 years and
yearly thereafter for a minimum of 10 years are suggested [63].

12.6.3 Special Consideration

12.6.3.1 Novel Therapies

A greater understanding of the pathogenesis of chondrosarcomas is driving the
development of new treatment options for this entity. The most important signal-
ling pathways include Hedgehog, Src, PISK-Akt-mTOR and angiogenesis [15].
Unfortunately, clinical trials targeting molecular pathways, particularly
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platelet-derived growth factor receptors (PDGFR), have been relatively disappoint-
ing with a lack of clear clinical utility using dasatinib, imatinib and oestrogen
receptor blockers [161-163]. A retrospective study of ten patients with unresect-
able chondrosarcoma treated with combination of sirolimus (an mTOR inhibitor)
and cyclophosphamide demonstrated a disease control rate of 70%, however fur-
ther prospective data is needed [164]. More recently, mutations in isocitrate dehy-
drogenase (IDHI1/2) have been identified in 40-50% of primary conventional
chondrosarcomas, which opens up the possibility of using IDH inhibitors for this
entity [165].

12.7 Chordoma

Chordomas arise from the cellular remnants of the notochord, an embryonic struc-
ture of the mesodermal cells that plays an organisational role in nervous system
development and later forms part of the vertebral column [166]. As such, they pre-
dominantly arise in the axial skeleton, most commonly at the sacrum and base of
skull [167].

Chordomas are generally chemo-insensitive so preferred primary treatment is
wide excision with adequate margins, with reported local recurrence rates as low as
17% [63, 168]. Radiation therapy, either pre- or post-operatively, is associated with
improved local disease control and survival [169, 170].

A greater molecular understanding of chordomas has revealed several potential
targets for therapy. These include the PI3K-Akt-mTOR signalling pathway, epider-
mal growth factor receptor (EGFR) and platelet-derived growth factor receptor
(PDGFR) [171-173]. This had led to several phase II trials exploring therapies
directed at these targets. Imatinib, a tyrosine kinase inhibitor, was studied in a phase
II trial of 56 patients with advanced chordoma, resulting in a clinical benefit rate of
64% and a median PFS of 9 months [174]. A second study treated patients resistant
to first-line imatinib with combination of imatinib and sirolimus, an mTOR inhibi-
tor [175]. Of the 9 assessable patients, 7 patients had stable disease and 1 had a
partial response, resulting in a clinical benefit rate of 89%.

Lapatinib, an EGFR inhibitor, has demonstrated activity in advanced progressing
EGFR-positive chordomas [176]. In a phase II study of 18 patients, 38.9% had sta-
ble disease with a median PFS of 6 months. Sorafenib, a multi-kinase inhibitor, has
also been studied, with response rates of 3.7% and 12-month overall survival of
86.5% [177].

12.7.1 Surveillance
Physical examination, imaging of surgical site and the chest as clinically indicated

are recommended for up to 10 years. Chest imaging is recommended every 6 months
for 5 years then annually thereafter [63].



12 The Role of Systemic Therapies in the Management of Bone Sarcoma 205

12.7.2 Relapsed and Recurrent Disease

Local recurrences are common and up to 40% of patients with local recurrence will
also develop distant metastases to lungs, bone, soft tissue, lymph nodes, liver and
skin [166]. Patients with recurrent disease should be managed with surgery where
possible. Systemic treatment with the previously therapies such as imatinib, siroli-
mus, lapatinib or sorafenib is recommended if available [63].
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The Importance of Margins in Sarcoma 1 3
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Peter F. M. Choong and Claudia Di Bella

13.1 Introduction

Sarcoma was first used as a term [1] to describe a tumour based on its fleshy feel and
gross appearance almost 200 years ago by the London surgeon, John Abernethy,
whose name sarcoma first bore (Abernethy’s sarcoma). 75 years after that Samuel
Gross, another renowned surgeon, described it as a highly aggressive tumour sec-
ond only to carcinoma by the way it “infected” the surrounding tissues. He recom-
mended amputation, despite the 30% operative mortality at that time because of his
observations that any attempt at local resection was almost uniformly met with local
recurrence, metastasis and death [2]. Presumably, what Gross was describing was
the highly invasive, locally recurrent and systemically aggressive nature of sarcoma
which treatment at the time was hampered by the lack of clear knowledge of surgi-
cal margins or availability of adjuvant treatment. Gross had erroneously attributed
the locally recurrent nature of the tumour to its biological aggressiveness rather than
the inadequacy of surgical resection.

It was almost 150 years later, before William Enneking published a body of work
[3—7] which reflected for the first time a better understanding of the nature of sar-
coma growth, its relationship to surrounding tissues and, therefore, what was
required to excise the tumour completely. His concept of surgical margins was the
basis of the development of his surgical staging system [4] which was subsequently
adopted by the American Musculoskeletal Tumour Society (MSTS). This was a
preoperative anatomic-based approach to surgical planning that aimed to resect
tumour with the best local control rate while preserving limb function where
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possible. Today, surgery with adequate surgical margins is the mainstay of treatment
with curative intent.

The basis of the MSTS system was that sarcomas (bone and soft tissue) were
surrounded by specific anatomic layers and the ability to control local recurrence
was predicated on the characteristics of the anatomic layers that were left intact
around a tumour at the time of its removal. Four distinct surgical margins were
described [4], including intralesional, marginal, wide and radical, each sequentially
providing a stronger barrier to invasion and hence lower incidence of local recur-
rence of tumour (Figs. 13.1 and 13.2).

Intralesional margin

Y
~ ¥ Marginal margin

Wide margin

Fig. 13.1 Axial T1-weighted MRI of subcutaneous soft tissue sarcoma in lower leg (dotted
arrows). Intralesional margin passes through subcutaneous tumour. Marginal margin passes
through inflammatory pseudocapsule. Wide margin passes deep to periosteum of tibia, under deep
fascia and includes layer of gastrocnemius. Periosteum (solid white arrows). Deep fascia (dashed
white arrows). Margins (dashed red line)

Fig. 13.2 (a) Coronal and (b) axial T1-weighted MRI of femoral bone sarcoma. Intralesional
margin passes through tumour, for example, if treated with intramedullary rod fixation or curet-
tage. Marginal margin passes immediately adjacent to tumour and subperiosteally (dashed red
line). Wide margin passes includes periosteum and a cuff of surrounding muscle or fascia (dotted
red line). The proximal and distal bone margin is at least 2 cm but may be as wide as 5 cm from the
tumour depending on the response to chemotherapy
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At the time that Enneking was first developing his concepts, imaging modalities
were few, and quality was limited. Soft tissue imaging was restricted to early gen-
erations of computed tomography [8]. Positron emission tomography was experi-
mental, and the response to neoadjuvant treatment was inferred by indirect
information from ancillary tests. For example, the loss of neovascularisation on
angiography [9], the appearance of cystic change within tumours or the appearance
of calcification on plain radiographs and reduction of bone and soft tissue nuclear
activity after neoadjuvant treatment [10, 11] were correlated with tumour response.
Because of the reliance on indirect evidence and to ensure the highest quality of
margins, surgeons often took far wider margins than may have been necessary.

With the advent of magnetic resonance imaging [12], more sophisticated com-
puted tomography and PET scanning [13], greater detail about the tissues surround-
ing a tumour and more information regarding the responsiveness of the tumour to
neoadjuvant treatment have allowed the surgical margins to be tailored to individual
situations, and the size of surgical margins has decreased over time (Fig. 13.3). Itis
important to note, however, that tumour margins are classified according to the nar-
rowest margin obtained, because tumour behaviour with regard to local recurrence
is related to the narrowest margin achieved [14].

Since the development of the MSTS system, the heterogeneity of published clas-
sification systems has made defining adequacy of surgical margins challenging. A
recent comparison of surgical margins classified by the American Joint Committee
on Cancer (AJCC) R, MSTS categories and metric distance was undertaken on 166
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Fig. 13.3 PET scan (a) on diagnosis (b) after neoadjuvant chemotherapy. Note ipsilateral proxi-
mal femoral tracer uptake (b) and (c¢) (white arrow) indicating poor response to chemotherapy and
development of skip metastasis. This was treated with total femoral resection
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primary high-grade sarcomas which had not received neoadjuvant therapy [15]. The
comparison reported that the MSTS system and metric distance showed higher sen-
sitivity and negative predictive value in comparison to the AJCC R classification.
The authors recommended that the MSTS system or metric distance be used and
reported that “Musculoskeletal Tumor Society wide/radical margins or tumor clear-
ances of 5 mm (without adjuvant radiotherapy) or 1 mm (with adjuvant radiother-
apy) appear to define the minimum safe surgical resection margins necessary to
decrease the likelihood of local recurrence of high-grade pleomorphic sarcomas of
the extremity or trunk” [15]. In comparison to the R system, the MSTS and metric
distance is a preoperative planning system for surgery where specific anatomical
structures are identified, measured and included in the operative plan. The AJCC R
system, however, is a post hoc finding reported by the pathologists and does not give
any indication as to the preoperative planning involved in the resection.

13.2 Special Considerations
13.2.1 Response to Neoadjuvant Treatment

The responsiveness of sarcoma to neoadjuvant therapy has been shown to have an
inverse relationship to local recurrence of disease [16—18]. Moreover, this may be
accentuated if margins less than wide margins are achieved [18]. For example, the
risk of local failure is three times higher with poor responders to chemotherapy
when adequate margins are used. The risk is five times higher when good respond-
ers are treated with inadequate margins. However, when poor responders are treated
with inadequate margins, the risk of local recurrence is 50 times greater.

13.2.2 Tumour Grade

Higher-grade tumours are more susceptible to local recurrence of disease [19-21].
This may be a manifestation of biological aggressiveness with satellite lesions exist-
ing well outside the inflammatory pseudocapsule and acting as local metastases.
Moreover, the operative site may also behave as a locus minoris resistentiae attract-
ing circulating tumour cells to attach and multiply locally. These mechanisms may
explain the unexpected local recurrences in association with tumours that have been
resected with wide surgical margins. It is recommended that high-grade tumours be
resected with generous margins to mitigate against the incidence of unexpected
local recurrences and adjuvant therapy be employed.

Low-grade tumours, such as low-grade myxoid tumours or well-differentiated
lipoma-like liposarcomas, are often excised with a belief that the same level of fas-
tidiousness to surgical margins that apply to higher-grade tumours may not apply to
low-grade varieties. However, studies continue to show that the incidence of local
recurrence is related to the quality of the surgical margin. In this regard, consider-
ation should be made of the context in which low-grade tumours are treated. Studies
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[22] have reported that low-grade tumours that are less than 5 cm may be resected
with wide margins without requiring neoadjuvant radiotherapy. Larger tumours
(>5 cm) or those where marginal margins are anticipated, however, have been shown
to benefit from local radiotherapy. This suggests that judicious use of radiotherapy
may be considered if a decision mandates that a narrow margin is to be used or if
surgery is to be performed in a large >5 cm tumour.

13.2.3 Unplanned Excision

Despite information regarding the appropriate management of sarcoma that pro-
motes multidisciplinary tumour centre-based care being publicised in the literature,
inadvertent surgery and inexpert care continue to be delivered even in cities where
tumour centres exist. Almost one third of all sarcoma presentations to a tumour
centre are following inadvertent resection [23-25]. The incidence of inadequate
margins is significantly higher with advertent resection than as planned resections.
Even when sarcoma is suspected and treated in non-tumour centres [26], the inci-
dence of inadequate excisions is higher than if the tumour was treated at a tumour
centre. The consequence is commonly more extensive re-excisions, higher rates of
amputation, more complex reconstructions, higher local recurrence rates and a
greater risk of death from disease [23, 24].

13.2.4 Histotype and Depth

Local recurrence of sarcoma is often a direct result of the quality of the surgical
margin. However, in certain circumstances, the biological characteristics of the
tumour may impart a greater risk of local recurrence because of the tendency for
local regional metastases (angiosarcoma) [27], infiltrative invasive behaviour (der-
matofibrosarcoma protuberans DFSP) [28], and significant inflammatory pseudo-
capsule (myxofibrosarcoma) [29]. Tumour depth has been found to be an independent
prognostic indicator for local recurrence [19]. Whether deeper tumours are associ-
ated with greater surgical complexity and therefore more difficult margin attainment
remains unclear.

13.3 MSTS Classification of Surgical Margins
13.3.1 Intralesional Margin

Any incision that passed through the capsule of the tumour is regarded as an
intralesional margin. The potential outcome of this is spillage of tumour cells
outside the tumour with subsequent contamination of the surrounding tissue
during the procedure or post-operative haematoma. Intralesional surgery usu-
ally occurs in association with inadvertent excisions of sarcoma. This is to be
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avoided at all cost as the consequence of contamination of the surrounding tis-
sue may be a complex re-excision and reconstruction, amputation or worse still
an increased risk of death from disease (local recurrence and/or metastasis). The
only time that intralesional surgery may be contemplated is when it is part of an
open biopsy. Because of the attendant risks, this should only be performed by a
sarcoma expert.

13.3.2 Marginal Margin

The centrifugal nature of sarcoma growth with expansion outward compresses sur-
rounding tissue that abuts the tumour. In addition, the cytokines released by the
tumour invoke an inflammatory response around the tumour margin which together
with the compressed tissue form an inflammatory pseudocapsule. The inflammatory
nature around the tumour is associated with localised oedema, and this allows easy
dissection of the pseudocapsule. When tumours are removed by dissection through
the inflammatory pseudocapsule, it is often described as “shelling out”. This gives
the surgeon a false sense of security that the tumour has been removed in its entirety.
Unfortunately, the pseudocapsule, being inflamed and hypervascular, contains satel-
lite lesions which are not grossly visible but when left behind by surgery that trans-
gresses the pseudocapsule has a very high risk of reappearing as a local recurrence
of tumour.

Application of marginal margins is sometimes required in order to preserve adja-
cent neurovascular or other vital structures. For example, the flexor fossae (axilla,
femoral triangle, cubital fossa) are not well compartmentalised, and sarcomas aris-
ing within these spaces frequently abut against the neurovascular structures that
pass through it. In order to preserve these structures, dissection of the adventitia of
the vessel or the epineurium is required to preserve an anatomic structure between
the tumour and the vital structure. The quality of the margin can be upgraded with
the application of preoperative radiotherapy in these situations. In this regard, mar-
ginal margins and radiotherapy can give local control rates equivalent to wide mar-
gins alone.

13.3.3 Wide Margin

Wide surgical margins are those that leave a cuff of normal tissue around the tumour
and are associated with a low risk of recurrence of disease. When Enneking first
developed the concept of surgical margins, it was recommended that normal tissue
was divided at least 5 cm from the proximal and distal extent of the tumour in the
longitudinal directions and that a normal named anatomic layer be included in radial
direction from the tumour. Using this margin, a considerable amount of normal tis-
sue was removed with the tumour. Over time, this has been modified such that lesser
amounts of tissue are removed while still being true to the concept of removal with
a cuff of normal tissue.
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The early Scandinavian experience suggested that instead of excising a tumour
with a normal named anatomic layer of tissue around it, the amount of normal tissue
could be reduced in the excision by just including the tissue in which the tumour
arose [30]. For example, a tumour arising from a muscle could be excised simply by
myectomy of that muscle, rather than excising the tumour, the muscle in which it
arose and another layer outside the muscle. This was popularised, but in the absence
of radiotherapy, the results later demonstrated that the amount of residual tissue
around the tumour may not be sufficient to provide good local control and the risk
of recurrence approached that of a marginal margin [25, 31].

In the mid-1990s, the Japanese experience promoted a better understanding of
the physical barrier that certain tissues provided against tumour invasion, and this
led to an emphasis on the quality of the surgical margin rather than just the quantity
[32]. It was felt that some tissues were of sufficient robustness as to be a strong bar-
rier against tumour invasion despite being only millimetres thick. For example, the
articular cartilage seemed to be a natural barrier to tumour invasion despite being
only millimetres thick and in the face of bone tumours that could invade through
thick cortical bone. The fascia lata may also be a few millimetres thick and yet was
a strong barrier against invasion from a sarcoma arising from the quadriceps muscle.

Researchers in the field were able to compare different tissues and assign to them
relative thicknesses (in cm) that allowed surgeons to plan margins that complied
with the principles of wide margin surgery. For example, a thick fascia (2-3 mm),
e.g. facia lata, was found to be equivalent to 3 cm of muscle. Therefore, if this cov-
ered a quadriceps tumour, then this was all the tissue that was required to be excised
with the tumour to achieve a wide margin on that aspect of the tumour. In compari-
son, muscle alone was a poor barrier to tumour, so the thickness of muscle around a
tumour to be included with the resected tumour that would be equivalent to the
fascia lata was 3 cm.

A practical definition of a wide margin is that the tumour had a cuff of normal
tissue around it that extended more than 2 cm to the tumour in the longitudinal plane
and included one named anatomic layer in the radial plane that in quality was equiv-
alent to 3 cm of muscle.

13.3.4 Radical Margin

A radical margin is employed when the contents of the entire tumour-bearing com-
partment is removed. The body is divided into multiple anatomic compartments. For
example, the quadriceps muscle lies within the anterior compartment of the thigh, the
hamstring musculature lie within the posterior compartment of the thigh and the
adductor muscles lie within the adductor compartment. Each compartment is sepa-
rated from the other by intermuscular septae (e.g. medial, lateral), and each compart-
ment has a major neurovascular structure running through it. Resection of the entire
quadriceps from its origin to insertion is referred to as a radical resection as there are
no other muscles left within that compartment. The vessels in that compartment are
surrounded by a thick adventitia which may be dissected and left between the vessel
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and the tumour as a defined boundary/margin. In certain circumstances, this charac-
teristic of the vessel may permit its preservation. Other times, if the tumour sur-
rounds the vessel, then it would have to be sacrificed and reconstructed as part of the
radical resection. With better imaging and the use of radiotherapy, fewer radical
resections are now performed, as planning of surgical margins can be undertaken
with considerable accuracy because of the high definition of both MRI and CT scans
these days. Radical resections are now usually preserved for situations where there
has been intracompartmental contamination due to prior surgery.

13.3.5 Adequacy of Surgical Margins

Radical and wide margin surgery are often classified as adequate, while intrale-
sional and marginal margins are classified as inadequate for local control of disease
if no other modality of treatment is applied. The addition of radiotherapy in soft
tissue sarcoma and chemotherapy in bone sarcoma has the potential to upgrade the
quality of the margin. In special circumstances radiotherapy may also be employed
in bone sarcoma (Ewing’s), and chemotherapy is employed in certain centres for
soft tissue sarcoma. In both of these cases, the use of these modalities in a neoadju-
vant setting has been shown to provide local control benefit.

Margin Adequacy
Radical Adequate
Wide

Marginal + radiotherapy

Marginal Inadequate
Intralesional

13.3.6 Amputation

It is often misconceived that an amputation provides better local control of tumour
than attempts at local excision. In fact, it is the adequacy of the surgical margin that
correlates to the incidence of local recurrence not the type of procedure. A marginal
margin amputation is no better than a local excision with the same margin. Similarly,
a wide or radical margin amputation is as good as a similar margin used for local
excision. The choice of whether an amputation is used or not will depend on whether
the limb is deemed to be functional following local excision, whether the defect
created after a local excision is reconstructable, whether a local excision creates too
great a risk to the ongoing treatment of the individual, whether the patient chooses
amputation or not as the primary procedure or whether the procedures is for pallia-
tive or curative intent.
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Surgical Management of Lower Limb 1 4
Sarcomas

Peter F. M. Choong and Grant Pang

The commonest location for both bone and soft tissue sarcomas is the lower limb.
The proximal soft tissue of the lower limb sees the highest frequency of soft tissue
sarcomas, while the knee joint (distal femur and proximal tibia) is the commonest
location for bone sarcomas, in particular, osteosarcoma. The femoral diaphysis is
one of the most common sites for the development of Ewing’s sarcoma.
Chondrosarcomas are one of the commoner primary bone tumours and arise either
as a solitary lesion, part of malignant transformation from an osteochondroma or
transformation from a constitutional condition such as multiple enchondromatosis
(Ollier’s disease). Tumours of the lower limb have their greatest functional impact
on the mobility of patients. In this regard, limb sparing surgery aims to resect
tumours with adequate oncologic margins while preserving sufficient tissue to allow
the reconstruction of a functional limb. A functional limb is one that is able to bear
weight, allow locomotion and, if possible, remain sensate.

The modern management of lower limb sarcomas is a multidisciplinary approach
delivered at an expert tumour centre. Here specialist clinicians include surgical,
medical and radiation oncologists, who are supported by a team of pathologists,
radiologists, nuclear physicians and cyto- and molecular geneticists. Deliberations
occur in a multidisciplinary setting, and a consensus opinion is developed which
guides specific treatment.
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14.1 Anatomical Considerations
14.1.1 SoftTissue Sarcomas

14.1.1.1 Buttock Tumours (Fig. 14.1)

Tumours of the buttock are challenging for a number of reasons [1, 2]. First, depend-
ing on the depth of the tumour within the gluteal musculature, the functional impact
of resection can be significant. Resection of gluteus maximus, the main extensor of
the hip and an important antigravity muscle may result in weakness of ascending
stairs, rising from chairs and moving quickly across ground. Patients may be left
with an extensor lurch from loss of the gluteus maximus.

Resection of the gluteus medius will result in a typical Trendelenburg gait. This
is characterised by a drop of the contralateral pelvis and listing of the torso towards
the affected side when patient bears weight through the operated side. Superficial
buttock tumours may result in sparing of the gluteus medius, but deep buttock
tumours almost always result in sacrifice of both the gluteus maximus and medius
in an effort to maintain wide margins of resection.

A second challenge of buttock tumours, particularly those which are deep and
central in the buttock is the potential to involve the inferior gluteal vasculature. This
system of vessels supplies the gluteus maximus. Resection of the tumour in this
location will potentially devascularised the gluteus maximus and overlying skin.

A third challenge of buttock tumours is where the tumour has extended to the
level of the sciatic notch. Several important named structures emerge from the pel-
vis through the sciatic notch. These include the sciatic nerve, the superior and

Fig. 14.1 T1-weighted (a) coronal and (b) axial MRI images of a well-differentiated lipoma-like
liposarcoma. Note involvement of the sciatic notch, which contains the emerging inferior and
superior gluteal vessels and the sciatic (solid arrow) and pudendal nerves
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inferior gluteal vessels (main branches from the internal iliac system) and the
pudendal nerve and vessels (Fig. 14.1b). Dissection around the notch may result in
injury to these structures. Occasionally, the tumour is so deep within the sciatic
notch or even arising from the contents of the notch, e.g. sciatic nerve tumour, that
securing vascular control of the issuing vessels is not possible without ligating and
dividing the branches as they divide from the internal iliac system, or even resorting
to ligating the main internal iliac vessels themselves. Before surgery is attempted
for buttock tumours, it is imperative that the question as to whether the notch can be
“secured” is answered. The answer to this question will help to define the approach
to the surgery of the buttock tumour.

14.1.1.2 Quadriceps Tumours (Fig. 14.2)
The quadriceps is by far the most common site for soft tissue sarcomas. Because of
the size of the muscle group, the vastus lateralis is perhaps more commonly affected.
Resection of the quadriceps will result in varying degrees of weakness depending
on whether the femoral nerve branches are involved in the resection or the quantity
of muscle resected [3—7]. As the quadriceps are an important antigravity muscle,
rising from a seated position or ascending an incline or steps may be problematic
afterwards.
Several considerations need to be held when resecting quadriceps tumours.
First, proximal quadriceps tumours are more likely to involve the femoral nerve
and its branches, and, therefore, special attention should be entertained to recon-
structing the divided nerves or by neurotising free vascularised muscle flaps [3, 6,

Fig. 14.2 (a) T2-weighted axial MRI image of a myxoid liposarcoma involving the vastus latera-
lis muscle. (b) T1-weighted fat-saturated coronal post-gadolinium contrast image demonstrating a
“tail” of interfascial oedema (arrow)
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8-10]. However, evidence that point to an evidence-based preference is lacking with
many techniques succeeding in achieving extensor activity after composite func-
tional flap reconstructions [5].

Second, the femoral vessels lie medial to the quadriceps and may be compro-
mised in particularly large quadriceps tumours. The profunda femoris is an impor-
tant vessel that needs to be secured during the resection as inadvertent division may
result in considerable haemorrhage that can be difficult to control in the setting of
an adjacent tumour that may be obstructing its optimal visualisation and therefore
ligation. In this regard, special interrogation of the preoperative staging images is
required to delineate the course of the vessel and its relationship to the tumour.
More importantly, preoperative planning as to whether inclusion of the femoral ves-
sels is required as part of wide resectional limb sparing surgery with vascular recon-
struction or amputation [11-13].

Occasionally, the proximity of the tumour to the vessels is so close as to be dif-
ficult to differentiate one from the other. In this circumstance, consideration should
be given to sacrifice of a segment of the vessels as part of the en bloc resection of
the tumour [11]. Radiotherapy for soft tissue sarcomas may cause the tumour to
shrink away from the vessels allowing preservation of the latter. Post radiotherapy
restaging studies are critical for assessing response to neoadjuvant therapy.
Leiomyosarcomas that arise from the femoral vein often surround the artery as well
as extending into the quadriceps compartment. This is one scenario when vascular
resection and reconstruction is mandatory during limb salvage surgery. A multidis-
ciplinary approach will provide the best outcomes.

Special attention must always be paid when dealing with more distal quadriceps
tumours as they may compromise the passage of the femoral vessels from Hunter’s
canal through the adductor hiatus in adductor magnus into the popliteal fossa.
Careful dissection is always required here as the tightness of the adductor hiatus
may distort the vessels, particularly if they are being compressed by a large adjacent
tumour. Injury to the femoral vessels at this point may be very difficult to control in
the presence of a large and obstructing tumour. Dividing the tendon of insertion of
the adductor magnus into the adductor tubercle may help to relieve the tension
within the adductor hiatus and more freedom to dissect and secure the vessels.

Third, large soft tissue sarcomas which are closely applied to the femoral diaph-
ysis may require inclusion of the femoral diaphyseal periosteum as the deep mar-
gin of the tumour (Fig. 14.3). Including this structure increases the risk of
devascularising the femoral shaft and this is amplified by the pre- or post-operative
irradiation of the operative field which will include the femoral shaft. In such a
circumstance, devascularisation may lead to femoral shaft fracture [14, 15]. This is
one time where prevention is far better than cure should a femoral shaft fracture
arise. Often, pathologic fractures after surgery and radiotherapy lead to non-union
and will require complex grafting and other reconstructive procedures that con-
tinue to be at high risk of failure. It is best to prophylactically support the femur
with an intramedullary rod which can be placed either at the same time or shortly
afterwards (~ 6 weeks) [15].
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Fig. 14.3 (a) Massive left quadriceps sarcoma. (b) T2-weighted fat suppressed axial MRI image
of a myxoid liposarcoma involving almost the whole quadriceps muscle. Note the close proximity
to the femur (arrows) (¢) Quadriceps resection from origin to insertion into patella. (d) Femoral
shaft on view denuded of periosteum which is the deep margin of the resection (solid arrows). Note
patella (P) with resection ending at the quadriceps tendon insertion into the patella (dashed arrows)

Fourth, resection of large tumours may sometimes lead to creation of consider-
able dead spaces. These may sometimes lead to large seromas which drain chroni-
cally through the operative wound. Recurrent attempts at aspiration of such seromas
may lead to infection which can be quite problematic. It is best to avoid dead space
formation by filling the defect by the use of vascularised tissue transfers. Bringing
fresh vascularised tissues into the operative defect has the added advantage not only
of reducing the space for seroma formation but also of allowing more healthy heal-
ing of the wound which has been traumatised not only by the surgical dissection but
also the effects of radiotherapy [16]. Myo-cutaneous flaps help to close the defect
while reducing tension across the suture lines. Early planning discussions are rec-
ommended between resectional and reconstructive teams [17-20].

Fifth, resection of distal quadriceps tumours may compromise the extensor
mechanism at a number of levels including the quadriceps tendon, patella insertion
of the tendon and the patella tendon. Adequate repair of this will require careful
consideration of the role of autogenous and allograft material to reconstruct the
continuity of the quadriceps mechanism [21-29].
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Fig. 14.4 TI1-weighted (a) axial and (b) coronal MRI images of massive adductor compartment
undifferentiated pleomorphic sarcoma

14.1.1.3 Adductor Compartment Tumour

Adductor compartment tumours are a particular challenge because they may grow
to considerable sizes before the patient seeks medical attention (Fig. 14.4). The
adductor compartment can be thought of as a pyramidal space with the base against
the obturator foramen of the pelvis with the point at the adductor hiatus. Its anterior
and posterior walls converge along the femur, and its medial wall is contained by the
gracilis muscle. Once removed, the dead space left behind can be quite substantial.
Free vascularised or transpositional flaps have been used to obliterate the dead space
[30-35].

Proximally, the obturator nerve and vessels emerge from the obturator foramen
and may be a source of challenge for haemostasis when dissecting at the level of the
anterior pelvis. The adductor longus proximally and the adductor magnus distally is
the bed on which the femoral vessels lie, and these need to be carefully dissected
and protected when lifting them free from the adductor muscles. The adductor canal
is a confined space and the tightest part is often proximally.

Once the tumour is removed, the pyramidal space is more easily appreciated, and
this space will not collapse into itself as it is held open by the relatively rigid struc-
tures of the quadriceps anteriorly, the femoral shaft laterally and the anterior pelvis
proximally. In this regard, there is a very high risk of perpetuating a dead space with
subsequent seroma formation. Filling of this defect with a vascularised soft tissue
flap is highly recommended [30-35].

14.1.1.4 Hamstring Compartment

The posterior compartment of the thigh is filled with the four hamstring muscles and
the sciatic nerve. Tumours within the hamstring compartment can usually be excised
while preserving the sciatic nerve [36—40]. The sciatic nerve is often the deepest
structure within the compartment, and excision of the entire hamstring musculature
can be performed while retaining the sciatic nerve. As with the other compartment
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of the thigh, the surgical defect will require filling with soft tissue flaps to obliterate
the dead space and to prevent seroma formation. If the nerves to the various ham-
strings are identified, these may be considered for neurotisation to muscle transfers
that are brought into the field.

14.1.1.5 Popliteal Tumours

Popliteal tumours are poorly confined because the flexor fossae have few boundar-
ies that separate the tumour from the vital neurovascular structures [41, 42]. The
sciatic nerve has usually divided into its tibial and common peroneal components at
the proximal apex of the rhomboid space defined by the medial and lateral ham-
strings and the medial and lateral gastrocnemii. More often the common peroneal
nerve has been compressed laterally under the tendon of biceps, and the tibial nerve
and popliteal vessels have been pushed either deeply against the capsule or medially
as they emerge into the popliteal fossa through the adductor hiatus. Historically,
popliteal fossa tumours were considered for amputation because of the poor con-
tainment of the tumour and the sentiment that high-grade tumours would be poorly
controlled with surgery. However, with the increasing role of preoperative radio-
therapy, the induction of a fibrous rind around the tumour has allowed a marginal
resection which when combined with the beneficial effects of radiotherapy gives
results equivalent to wide margins alone. Moreover, it is now becoming clear that it
is the size rather than the grade of the tumour which determines its operability [41,
42]. In this regard, all popliteal tumours should be considered as potential candi-
dates for limb sparing surgery.

14.1.1.6 Calf Tumours

Superficial calf tumours may be resected easily with good prospect of local con-
trol of disease. Only in the lateral and proximal aspect of the lower leg should
concern be given to potential sacrifice of the common peroneal nerve. This nerve
and its branches, however, are amenable to reconstruction. Deep calf tumours,
however, can be challenging because the important neurovascular supply to the
foot passes primarily through the deep compartment of the calf (Fig. 14.5).
Protecting this is paramount. Should sacrifice of the deep neurovascular structures
of the calf be considered, then plans for either vascular or neural reconstruction
should be made, or if this is deemed too difficult, then amputation should be enter-
tained from the outset. Reconstruction of the neurovascular structures if success-
ful will give protective sensation to the foot. Claw toes is often a sequel of surgery
to deep tumours of the calf.

14.1.1.7 Anterior Lower Leg Tumours

Like calf tumours, superficial tumours are easier to treat. Deep tumours, however,
may compromise the deep nerve and vessel supply. Moreover, resection of the ante-
rior musculature of the lower leg will almost always leave the leg with a drop foot
abnormality. Nerve injury within the anterior calf will exacerbate a foot drop but
leave only a patch of numbness on the dorsum of the foot. Vascular injury however
may result in muscle injury and clawing of the toes or compromise of the circulation
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Fig. 14.5 (a) Post-contrast coronal STIR and (b) axial T1-weighted fat-saturated MRI images of
anterior lower leg undifferentiated pleomorphic sarcoma. Note proximity to anterior compartment
neurovascular structures (arrow)

to the foot. It is critical that lower leg tumours are carefully investigated with regard
to the vascular supply of the lower limb, so that appropriate revascularisation proce-
dures are undertaken where appropriate.

14.1.1.8 Foot Tumours

Foot tumours are notoriously difficult to treat for a number of reasons. The foot is
poorly compartmentalised and containment of the tumour or post-operative hae-
matoma after inadvertent prior excision can be difficult [43]. In this regard exten-
sion of the tumour or spread of the contaminated haematoma means that the risk of
tumour spread is high and surgical resection is likely to sacrifice considerable tis-
sue. Resections that require sacrifice of the bone of the foot may also compromise
the integrity of the tripod that the skeleton of the foot creates that allows normal
weight bearing and balanced tread pattern. Upsetting the balanced structure of the
foot may result in abnormal shifts in weight bearing patterns such that pressure
ulceration or other deformities may develop. Moreover, soft tissue sacrifice with
subsequent soft tissue reconstruction may result in insensate skin which when
placed under weight bearing stress may lead to pressure ulceration. Should foot
surgery be contemplated, then, special attention to foot orthoses and footwear is
mandatory. It is always interesting how well patients can cope after very complex
resectional surgery of the foot. If surgery and reconstruction of the foot is likely to
be highly complex, then consideration should be given to undertaking amputation
in the first instance as the functional outcome of a below-knee amputation is excep-
tionally good.
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Fig. 14.6 Proton density fat-saturated (a) axial and (b) coronal MRI images of proximal femoral
tumour. (c¢) Sliver of greater trochanter with attached gluteus medius was preserved and reattached
to the proximal femoral tumour endoprosthesis (arrow)

14.1.2 Bone Sarcomas

14.1.2.1 Proximal Femoral Tumours

Resection of the proximal femur may result in abductor dysfunction if the greater
trochanter requires sacrifice. If the greater trochanter can be preserved together with
the attached gluteus medius muscle, then reconstruction of the abductor mechanism
onto the shoulder of the proximal femoral tumour endoprosthesis will allow return
of abductor function (Fig. 14.6).
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If proximal femoral resection is performed through an intra-articular approach,
the labrum and part of the capsule of the hip joint may be saved and later repaired
in an encircling manner around the neck/head of the endoprosthesis to improve
stability.

14.1.2.2 Distal Femoral Tumours
The synovium and articular cartilage are anatomic boundaries to the extension of
intraosseous tumours. These are most often intact with distal femoral tumours, but
careful scrutiny of the anatomic imaging, particularly MRI, is required to ensure
that intra-articular extension of tumour has not occurred (Fig. 14.7). A joint effusion
may occur sympathetically, but if blood stained then intra-articular extension needs
to be suspected and an extra-articular resection may be required. If intra-articular
extension is suspected, then aspiration of the joint prior to any arthrotomy may be
undertaken.

The cruciate ligaments are conduits by which tumour may extend into the knee
joint. Careful examination of preoperative imaging (MRI) is mandatory to establish
whether invasion of the cruciate ligaments have occurred or not. The collateral

Fig. 14.7 T1-weighted (a) coronal and (b) axial MRI images of distal femoral tumour. No effu-
sion to suggest intra-articular involvement. Tumour is close to the posterior cruciate ligament
(arrow). While an intra-articular resection is preferred, careful division of the cruciate ligaments at
the tibial attachment is required to ensure no contamination should tumour extend along the cruci-
ate ligaments
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ligaments are extracapsular, and these should pose no difficulty if involved, and
resection at their distal extent can be performed without compromising the resection
or reconstruction.

14.1.2.3 Proximal Tibial Tumours

Proximal tibial sarcomas may involve the tibial tuberosity and the insertion of the
patella tendon. If so, then sacrifice of the patellar tendon mechanism is required, and
formal reconstruction by a variety of techniques may be required [21, 44-47]. Care
should also be taken to delineate if the superior tibio-fibular joint is affected or not.
Should this joint be involved, then sacrifice of the fibular head en bloc with the tibia
must be performed. The region of the tibio-fibular joint has significant anatomical
importance. The anterior tibial vessels pass under the joint and should be protected
where possible when the joint is sacrificed. The common peroneal nerve passes
around the neck of the fibular nearby, and this should also be identified and carefully
protected. The anterior branch that innervates the anterior tibial musculature should
also be identified and protected.

14.1.2.4 Distal Tibial Sarcomas

Distal tibial sarcomas are uncommon. The anterior and posterior tibial vessels pass
in close proximity to the distal tibia, and care should be taken to ensure that they are
not compromised by the tumour. The tendons around the ankle are surrounded by
thick synovial sheaths. The tendons can be sharply dissected out of these sheaths,
and continuity may thus be preserved. Specifically, the posterior and anterior tibial
tendons and peroneus longus should be spared if possible, to maintain the arch of
the foot.

14.1.3 Investigations

14.1.3.1 Plain Radiographs

Standard orthogonal radiographs are mandatory to allow an assessment of the con-
dition of the affected bone. This will clarify if the abnormality is related to other
conditions of bone, e.g. enchondroma, avascular necrosis, fibrous dysplasia, Paget’s
disease, chronic osteomyelitis, etc. Plain radiographs may also highlight soft tissue
abnormalities including soft tissue oedema, calcification and joint effusion. Plain
radiographs are important for templating the bone when planning the choice of
tumour endoprosthesis.

14.1.3.2 Anatomiclmaging

Magnetic resonance imaging (MRI) is the imaging modality of choice for both soft
tissue and bone sarcomas because of its unsurpassed contrast. This allows excel-
lent soft tissue and intramedullary delineation of tumour extent. It is important that
sequences include at least T1 images that demonstrate anatomy, T2 images that
demonstrate pathology, fat suppression images (with and without contrast enhance-
ment) and orientations that include axial, coronal and sagittal images. The entire
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tumour-bearing compartment should be imaged to ensure that the entire extent of
the tumour is visualised and also to ensure that any skip lesions are identified
should they be present. In areas where clear delineation of anatomy is required
such as where neurovascular structures may be affected, e.g. popliteal fossa and
sciatic notch, behind the ankle, MRI is a critical investigation that should be
deployed.

Computed tomography (CT) provides excellent bone imaging. Fine slice images
are able to delineate tumour involvement of cortical and trabecular bone. While CT
is able to provide good information on soft tissue abnormalities, particularly with
the addition of contrast, it is not as good as MRI for soft tissue or intramedullary
bone imaging, and it is recommended that MRI is the modality of choice for exam-
ining both bone and soft tissue sarcoma.

14.1.3.3 Functional Imaging

Functional imaging provides information on the biologic activity of the tumour and
whether this activity is uniform or limited to specific parts of the tumour. This will
help to guide biopsy, assess response to preoperative therapies, establish unifocal or
multifocal disease and also assist in planning surgical margins. Functional imaging
includes whole body *technetium methylene diphosphonate (MDP) bone or 2!'thal-
lium scintigraphy and flourodeoxyglucose positron emission tomography (PET).

14.1.3.4 SystemicImaging

The purpose of systemic imaging (pulmonary CT, PET) is to identify if metastasis
has occurred. The presence of metastasis will alter the strategic approach to treat-
ment and whether metastases have occurred or not needs to be established prior to
the commencement of treatment. In the presence of metastases, treatment more
often than not adopts a palliative approach, while a curative strategy is usually
employed when no metastasis is seen. A palliative approach may also include defin-
itive limb sparing surgery.

14.1.4 Biopsy

Biopsy is critical for diagnosing the tumour. This has important implications for
appropriate preoperative adjuvant treatment and subsequent surgery. Biopsy like the
definitive surgery also requires planning to ensure that the most representative site
is targeted, the safest approach is employed and that the entry site is placed within
the line of the incision to allow subsequent inclusion in the resection specimen with-
out compromising the approach or extent of the surgery. All biopsies should be
image guided, and for greatest accuracy, this should be CT-guided.

Biopsy of proximal femoral tumours should be from a lateral approach as the
incision for definitive surgery is usually through a lateral portal. Most femoral head,
neck and intertrochanteric lesions may be accessed via a lateral approach. Variation
to this may be if the greater trochanter can be salvaged, and, therefore, efforts should
be made to avoid transgressing this structure if at all possible.
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Biopsy of diaphyseal lesions should also be accessed from a lateral position as
the surgical approach to the diaphysis is also from the lateral side.

Biopsy of distal femoral lesions can be challenging as one should avoid trans-
gressing the joint capsule. The joint capsule rises above the patella and extends
medially and laterally towards the lateral and medial epicondyles. Biopsy tracks
should be planned according to information from MRI of the distal femur.

Tibial biopsy is often performed from an anterior approach. The subcutaneous
nature of the bone anteriorly makes most part of the bone accessible for biopsy.
Care should be taken to avoid involvement of the tibial tuberosity and patella tendon
where possible by angling the approach from the medial or lateral directions.

Biopsy of the proximal fibular also requires caution because of the adjacent com-
mon peroneal nerve. CT-guided biopsy from an anterior or anterolateral approach is
recommended to avoid the nerve.

Biopsy of soft tissue sarcomas of the lower limb will depend on the site of the
tumour. Most superficial tumours may be biopsied directly from the vertex of the
tumour as this is the thinnest portion of overlying skin which will most likely be
included as an ellipse with the resection. Deeper tumours, however, pose challenges
as care should be taken of surrounding neurovascular structures.

Quadriceps compartment tumours are usually approached from a lateral or ante-
rior approach taking care to avoid the femoral vessels in Hunter’s canal.

Adductor compartment muscles are usually approached from the medial side.

Hamstring compartment muscles are usually approached posteriorly. For tumours
of the biceps, it is critical to know if the sciatic nerve has a high division as the
peroneal branch of the nerve is closely related to the deep surface of the biceps as it
passes distally and laterally towards the fibular head.

Anterior and peroneal compartment lower leg soft tissue sarcomas are usually
approached directly from infront. Calf compartment tumours are approached from
behind, but depending on whether the tumour is deep or in the gastrocnemeii, the
approach is either midline or overlying the specific gastrocnemius.

14.1.5 Preoperative Preparation

General medical assessment must be carried out to ensure that the patient is fit for
surgery. Particular attention must be paid to the patient’s cardiovascular function. If
the patient has received preoperative chemotherapy, there may be compromise of
cardiac function. This needs to be clarified and delineated prior to surgery and the
results of cardiac function tests known to the perioperative medical, anaesthetic and
surgical teams. The extent to which cardiac function is compromised may dictate
the nature of mitigating efforts.

Patients on chemotherapy may suffer marrow suppression prior to surgery. It is
critical that the platelet levels are above 50, white cell count above 1.0 and haemo-
globin above 8. Surgery planned for 2 weeks after the last dose of chemotherapy
should provide sufficient time for the patient to have recovered from the haemato-
logical nadir of chemotherapy. Care may need to be individualised between patients,
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and the decision to proceed with surgery should occur after multidisciplinary con-
sensus has been achieved.

Restaging studies include MRI of the entire tumour-bearing compartment (from
joint above to joint below), functional scans (thallium or PET) and pulmonary
CT. In addition, plain radiographs and CT scans should be included for bone
tumours. Ideally, restaging studies should be performed within 6 weeks of definitive
surgery. If there is a delay beyond 8 weeks, it may be prudent to repeat these to
ensure that there has been no local or systemic progression of disease.

14.1.6 Operative Preparation

14.1.6.1 Anaesthetic
Modern combination regional/general anaesthetic may assist in achieving good
intraoperative anaesthesia with appropriate and adequate post-operative analgesia.

14.1.6.2 Antibiotics

Prophylactic antibiotics should be delivered prior to the incision because of the
potential for immunosuppression with preoperative adjuvant local or systemic ther-
apy. Antibiotic regimes should follow institutional preferences.

Example of prophylactic antibiotics include cefazolin 2 g (continued every 8 h)
and vancomycin 1 g intravenously (continued every 12 h) prior to the operative inci-
sion. To avoid the “red man” syndrome which is an idiosyncratic peripheral vasodi-
lation following administration of vancomycin, it is recommended that the dose be
titrated over 30 min prior to surgery. Antibiotics should be continued at the discre-
tion of the treating team.

14.1.6.3 Urinary Catheter

Surgery may be prolonged and post-operatively, and patients may require an epi-
dural anaesthetic or be on high dose narcotic analgesics. These may result in urinary
retention that can be distressing to the patient. A urinary catheter should be inserted
prior to surgery and removed once the patient is independently mobile.

14.1.7 Positioning for Soft Tissue Sarcoma Resection

Patients should be positioned in a way that allows the most practical approach to
tumour resection. Recognising that there may be a need for soft tissue plastic recon-
structive surgery with either a pedicled or free vacularised flap, the final positioning
and draping of the patient will need to take into consideration the needs of the
resecting and reconstructing teams, as well as the anaesthetic team. As these proce-
dures may be prolonged, particularly if including soft tissue reconstruction, careful
padding of all prominences should be undertaken to prevent pressure injuries.
Sequential calf or foot compression devices may be applied to the unoperated limb
as a prophylaxis measure against deep vein thrombosis.
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14.1.7.1 Buttock Tumours
Buttock resections are best performed with the patient in the lateral position.
Resection of quadriceps, adductor compartment and anterior lower leg tumours
is best performed with the patient in the supine position.
Hamstring and calf compartment tumours are best resected with the patient in the
prone position.

14.1.8 Positioning for Bone Sarcoma Resection

Unlike soft tissue sarcomas, positioning for bone sarcomas may need greater
stability to ensure accurate intraoperative assessment of joint position and leg
length. The use of specially designed supports as per total hip or total knee
replacement surgery is adequate. Like soft tissue resections, careful protection of
all prominences should be undertaken to prevent pressure injuries, and sequential
calf or foot compression devices should be applied to reduce the risk of deep vein
thrombosis. Very occasionally, bone or soft tissue grafts may be required. This
should be anticipated and planned for ahead of time to allow appropriate draping
to occur.

14.1.8.1 Proximal and Total Femoral Tumours

Patients should be positioned in the lateral position if proximal femoral resection is
planned. The same position can also adopted for total femoral resections as external
rotation of the lower limb while extending or flexing the knee can be performed
after the hip is dislocated. This manoeuvre should easily allow dissection of the
distal femur and knee. Once the proximal femur (or total femur) has been recon-
structed, the lateral position allows on table assessment of length. The lateral posi-
tion also allows assessment of cup and neck version prior to final seating of the
prosthesis.

Some surgeons choose to perform a total femoral resection with the patient
in the supine position. In this position, the surgeon may have a better approach
to the preparation of the knee. This can also be performed with a sand bag under
the buttock to elevate this to allow easier visualisation and dissection around
the posterior part of the hip joint without the operating table obstructing the
approach.

14.1.8.2 Knee Tumours

Patients should be positioned as per a total knee replacement. This allows the cor-
rect draping to exclude unnecessary parts from the sterile field while also benefitting
from the use of side supports and foot holders to maintain the knee in varying
degrees of flexion during the dissection and preparation of the cut surfaces. Care
should be taken to ensure that the stocking around the foot (if one is used) provides
sufficient exposure to allow more distal extension of the operative wound should the
need arise.



238 P.F. M. Choong and G. Pang

14.1.8.3 Foot Tumours

Patients should be draped in the supine position with an occlusive drape placed
at least to the level of the knee in case proximal extension of the surgery is
required. The foot should be positioned at the end of the table so that any plantar
or heel surgery may be performed in an unobstructed way by elevation above
the table.

14.2 Surgical Technique
14.2.1 Key Points for Resection of Soft Tissue Sarcomas

The surface marking of the tumour should be displayed with an indelible ink pen. If
this is a virgin tumour, then a decision should be made if an ellipse of overlying skin
should be sacrificed en bloc with the tumour. This is to contain the biopsy site and
tract, as well as to remove any skin from the beginning that may ultimately be prone
to ischaemic necrosis.

For subcutaneous tumours or those that have been previously inadvertently oper-
ated on, a much wider area of tissue around the tumour should be excised to encom-
pass satellite or seeded lesions. This margin should also be marked prior to the
surgery for inclusion in the resection.

The incision should be placed longitudinally along the line of the long axis of the
limb and include the biopsy site and tract.

The resecting team should not aim to reduce the resection margin for aesthetic
reasons as this may ultimately compromise local control of disease.

The aim of soft tissue dissection is to isolate the tumour with a cuff of normal
tissue. For a wide margin, a named normal anatomical layer must be included in the
radial direction from the tumour and at least 2 cm proximally and distally to the
tumour in the longitudinal axis.

Occasionally, a closer margin is required, particularly if large tumours lie adja-
cent to vital neurovascular structures. In such circumstances, careful dissection of
the nerve and vessels leaving their sheath or the periosteum from adjacent bone in
continuity with the tumour may increase the quality of the margin.

The use of coagulating/incising forceps or metal ligatures may allow expeditious
haemostasis and division of soft tissue from around the tumour. To assist in subse-
quent anastomosis of free vascularised flaps, arterial and vein branches should be
handled carefully and ligated and divided with adequate length to allow a healthy
anastomosis without tension.

It is highly recommended that resections of deep tumours which may leave
a dead space be filled with donor tissue either as a pedicled or free vascularised
flap. This is to obliterate the dead space to minimise the formation of a seroma
that may either lead to chronic drainage or infection. Additionally, the placement
of healthy flaps into the dead space may also include a cutaneous component
which will reduce the tension of wound closure and subsequent surgical site
complications.
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14.2.2 Key Points for Resection of Bone Sarcomas

14.2.2.1 Proximal Femoral Resection

The most important surgical point to remember when resecting the proximal femur
is the high risk of instability afterwards. Care should be taken to mitigate this as
much as possible.

Preserve the labrum and as much hip capsule as possible if hemiarthroplasty
reconstruction is to be employed. After repair with the hip prosthesis reduced into
position, these soft tissue structures will help to increase the stability of the joint.

Preserve the greater trochanter with abductor musculature attached if possible.
This will allow reattachment of the abductor mechanism on completion of implan-
tation of proximal femoral prosthesis. It is easier to reattach the greater trochanter
when the hip is dislocated as it will allow more accurate placement and fixation of
the trochanter. In order to gauge the position of the trochanter on the prosthesis,
reduce the hip, and then lay the greater trochanter in position under some tension.
Mark on the prosthesis where the trochanter will be placed. Dislocate the hip, and
position the greater trochanter on the shoulder of the prosthesis as marked. Fix the
trochanter into place with an internal fixation device (often a trochanteric claw
device held with screws or cables).

Ensure that the version of the prosthesis is appropriate prior to final seating. It is
recommended that the prosthesis is anteverted between 10 and 15°.

Because of the significant release or resection of soft tissue around the proximal
femur, it is likely that the prosthesis will be longer than the resection length in order
to achieve appropriate soft tissue tension and, therefore, stability. The patient must
be forewarned of this possibility. In addition, the offset of the device may vary con-
siderably depending on the prosthesis choice.

If proximal resection of the femur includes the greater trochanter with or without
some length of abductor muscle, the abductor muscle attachment may be recon-
structed using synthetic mesh or tape. Post-operatively, repairs of the abductor
mechanism should be protected with a hip abduction brace, and weight bearing on
the reconstructed side should be protected (touch weight bearing) at the discretion
of the surgeon.

14.2.2.2 Distal Femoral Resection

There are several key surgical checkpoints to remember when performing a distal
femoral resection. These include the vascular anatomy, the level of the femoral oste-
otomy, and the relationship of the patellofemoral joint.

The femoral artery is at risk of injury as it passes from Hunter’s canal into the
popliteal fossa. Early identification of the adductor magnus tendon and releasing
this will help to increase the safety of the femoral vessels at the level of the hiatus.

The penetrating branch of the popliteal artery which passes forward to the poste-
rior cruciate ligament and capsule is at risk of avulsion if the joint is not handled
carefully. Once the femoral artery and vein are released from the adductor hiatus,
they can be carefully dissected away from the posterior knee capsule under direct
vision. The forward-passing branches can then be ligated and divided safely.
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The popliteal artery has a trifurcation as it divides into the posterior tibial, ante-
rior tibial and peroneal branches. The bifurcation into the anterior and posterior
tibial vessels has to be respected during dissection, as injury to the anterior tibial
branch may result in ischemia and a post-operative compartment syndrome.

The diameter of the shaft of the distal femoral component must sit on cortical
bone. If the host prosthesis junction is in trabecular bone, the prosthesis may sub-
side leading to femoral fracture or early loosening. To prevent this, additional
amount of metaphyseal bone may need to be resected to allow the diaphyseal com-
ponent of the prosthesis to sit against cortical bone of the diaphysis.

It is important to ensure that the distal femoral component is seated in the correct
rotation to avoid patella subluxation or dislocation. Often the femoral component is
misplaced in internal rotation as the proximal femur tends to externally rotate once
the femoral osteotomy has been performed. The linea aspera is a useful landmark to
align the prosthesis and a sagittal plane passing through the linea aspera should
represent the antero-posterior alignment of the prosthesis. The linea aspera is only
palpable in the diaphyseal portion of the femur. If a lower femoral osteotomy is
made where the linea aspera is not well defined, then flexing the knee to 90° on
completion of the proximal tibial preparation with the femoral and tibial compo-
nents in position and gently rotating (internally/externally) until the patella is
observed to be sitting centrally in the sulcus should ensure a stable patellofemoral
articulation post-operatively.

It is important that the tibial component is not internally rotated. Moreover, it is
important to ensure that the tibial component is centred over the tibial intramedul-
lary canal to avoid impingement of the tibial stem of the component which will tilt
the tibial component into valgus or varus.

In order to achieve the best patella-femoral alignment and quadriceps function,
care should be taken to ensure that the femoral and tibial segments are of appropri-
ate lengths. Over lengthening or shortening of the reconstruction may lead to proth-
esis dislocation, restricted range of flexion or nerve palsy.

14.2.2.3 Total Femoral Resection (Fig. 14.8)
Total femoral resection invokes the same key points as for resection of the proximal
and distal femur combined.

The surgical approach may be a longitudinal lateral incision from knee to hip or
a midline knee incision curving laterally and posteriorly to become a lateral incision
above the middle of the thing. The decision for which incision will depend on sur-
geon preference and tumour mandates.

The total femoral component rotates about an axis that passes from the hip joint
to the knee joint. In unique circumstances and depending on the type of hinge mech-
anism at the knee, the total femoral component may flip through 180° around this
axis of rotation. To prevent this from happening, it is important to ensure that there
is adequate tension in the soft tissues and also that the prosthesis is anchored to the
surrounding soft tissues. A technique to anchor the prosthesis is to surround the
diaphyseal component with synthetic mesh and then stitch the various accessible
components of the quadriceps musculature to this. If possible, the abductor
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Fig. 14.8 T1-weighted coronal MRI images of (a) distal femoral tumour and (b) proximal skip
lesion (arrow). This tumour was treated with (¢) total femoral resection and (d) reconstruction with
a total femoral tumour endoprosthesis
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mechanism should be reconstructed back to the shoulder of the prosthesis to provide
added stability.

Some prostheses have design features at the knee to prevent rotation beyond a
certain amount or any rotation at all. Knowledge of the prosthetic design and ratio-
nale may help to prevent an unnecessary complication.

14.2.2.4 Proximal Tibial Resection

Resections of the proximal tibia are challenging because of the tibial tuberosity and
patella tendon, the superior tibio-fibular joint, the common peroneal nerve and the
bifurcation of the popliteal vessels into anterior and posterior tibial vessels.

If possible, the patella tendon should be preserved and reconstructed. There are
a variety of techniques available including biologic and synthetic reconstructions.
Biologic reconstructions that are purely muscle, e.g. gastrocnemius flap, are rela-
tively easy to perform and function well. However, due to the stretching forces pass-
ing through the extensor mechanism, attenuation of the reconstruction is common
and may give rise to patella alta and patella instability. This should be borne in mind
when employing muscle flap reconstructions. Synthetic material may be used to
reconstruct the patella tendon mechanism with good effect. However, surgeons
should be mindful that synthetic material if abrasive and prominent may erode
through overlying soft tissue.

Involvement of the superior tibio-fibular joint by tumour will determine if it
needs to be resected en bloc with the tibia or not. If it is not involved, then dissection
of the superior tibio-fibular joint is relatively easy and can be performed without
injury to the common peroneal nerve or the anterior tibial vessels as they pass for-
ward over the top of tibialis posterior and the interosseous membrane. If the tibio-
fibular joint is involved, then resection of the fibular at the neck of the fibular should
allow inclusion of the superior tibio-fibular joint with the operative specimen. Prior
to transecting the neck of the fibular, careful dissection and protection of the com-
mon peroneal nerve and its branches need to be performed.

Reconstruction of the proximal tibia may be biological (allograft, autograft),
prosthetic or a combination consisting of an allograft-prosthetic composite. The
choice will depend on indications, availability of device and surgeon preference.
The proximal tibial region is subcutaneous anteriorly. Following reconstruction, the
wound may not be able to be closed because of the prominence of the reconstruc-
tion, or closure brings thin skin directly onto the underlying reconstruction. A sim-
ple method of protecting the overlying skin and underlying reconstruction is by
rotating a gastrocnemius flap over the reconstruction. The exposed gastrocnemius
can then be covered with a split skin graft. Harvesting the gastrocnemius flap can be
easily done after the resected proximal tibia has been delivered from the wound.

14.2.2.5 Distal Tibial Resection

Other than the flexor hallucis longus, distal tibial tumours are generally surrounded
by tendons rather than muscle belly. The tendons may be sharp dissected out of their
sheaths to protect them. If possible, an epiphyseal sparing resection of the distal
tibia is likely to allow ankle mobility. In this regard, an intercalary resection with
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either autogenous (fibular) or allograft reconstruction may be employed. If the
epiphyseal cannot be spared, then an intercalary arthrodesis between tibia and talus
can be considered. If the talus has to be included in the distal tibial resection, an
intercalary resection between tibia and calcaneus may be considered. If there is an
extraosseous extension that makes limb preservation challenging or dangerous, then
a below-knee amputation is recommended. With modern prosthetics, a below-knee
amputation provides an excellent solution for distal tibial tumours and near normal
function of the limb may be expected.

14.2.2.6 Amputation

Amputations are considered when the planned resection of the lower limb is pre-
dicted to result in a non-functional limb. Occasionally, amputation is also performed
as a palliative procedure to provide local control of tumour, e.g. ulceration or patho-
logic fracture. Amputations should also be planned and performed with the same
levels of care to ensure that appropriate margins of surgery are employed. Picking
the right level for amputation is critical for ensuring a strong lever arm for the use
of a lower limb amputation prosthesis [48]. Post-operative rehabilitation is essential
if a lower limb amputation prosthesis is being considered. Prevention of flexion
contractures, optimising stump mobility and strength and maintaining balance dur-
ing gait and standing are the key goals of post-operative rehabilitation. Newer
modalities for movement and function are now being considered including the use
of virtual reality for optimising mobility training [49]. Pain control may be a pro-
longed problem for those with phantom pain, and the management of this should be
considered as part of the multidisciplinary approach to care [50].
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Peter F. M. Choong and Gerard Powell

15.1 Introduction

The upper limb is the second most common site for sarcomas to arise after the lower
limb. The region from the shoulder to the elbow is the commonest location for upper
limb sarcomas whether soft tissue or bone. Sarcomas of the upper limb may lead to
functional deficits that specifically degrade independence because of the loss of
dexterity, strength, coordination and the ability to perform activities of daily living.
Depending on whether the sarcoma is primarily bone or soft tissue will lead to very
specific surgical strategies. Surgery to the upper limb is complex because of the
instability of the shoulder joint, the convergence of important neurovascular struc-
tures at the axilla and the close proximity of these to the humerus. Because of the
paucity of tissue on the upper limb, even soft tissue sarcomas may compromise the
major neurovascular structures. Treatment is a multimodality challenge and best
provided at an expert centre.
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15.2 SoftTissue Sarcomas
15.2.1 Anatomic Considerations

The upper limb may be divided into three regions: the upper arm and shoulder
(shoulder girdle), the forearm and the wrist and hand. The shoulder joint, elbow
joint and wrist are primarily the fulcrums of movement and are important in main-
taining the functionality of the upper limb. Soft tissue sarcomas in these regions
impact very specific muscle groups depending on their anatomic sites and, by doing
so, leave the limb with very specific deficits. Moreover, the close proximity of
important neurovascular structures that typically wend their way around all com-
partments of the upper limb implies that deep-seated sarcomas are more likely to
involve these neurovascular structures, or in the effort to protect vulnerable neuro-
vascular structures, substantial parts of muscle bellies may be sacrificed leading to
functional deficits from muscle loss alone.

15.2.2 Shoulder Girdle Tumours

Upper arm soft tissue sarcomas may affect the parascapular muscles, the deltoid, the
biceps and triceps muscle groups [1-3]. Depending on which parascapular muscle
is affected, rotation of the glenohumeral joint may or may not be affected.
Involvement of the supraspinatus muscle will have the largest potential impact on
upper limb abduction, as it is the main stabiliser of the humeral head on abduction
(Fig. 15.1). With its loss, the humeral head cannot be held down after the first 30
degrees of arm abduction, and the continuing action of the deltoid causes the shoul-
der on the affected side to shrug instead.

Sarcomas affecting the deltoid will lead to weakness of abduction. Depending on
the extent of deltoid sacrifice, abductor loss may be minor or complete. A deep-
seated deltoid sarcoma will usually require sacrifice of the full thickness and

Fig. 15.1 TIl-weighted, (a) axial, (b) coronal and (c) sagittal T2 fat-suppressed MRI images dem-
onstrating high-grade chondrosarcoma (arrow) of the supraspinatus fossa and spine of the scapula.
Resection will include part of the supraspinatus and infraspinatus muscles
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occasionally the entire deltoid. If the axillary nerve is included with the resection,
then complete loss of abduction can be expected. Deep-seated deltoid tumours of
the posterior deltoid are more likely to result in total abductor loss because the axil-
lary nerve that gives motor innervation to the deltoid enters its deep surface posteri-
orly and therefore is most vulnerable to injury. In contrast, resection of anterior
deltoid tumours has the potential to retain some deltoid function because the poste-
rior origin of the axillary nerve is protected. Superficial sarcomas overlying the
deltoid which necessitate only partial thickness resection of the deltoid usually
leave the deltoid with good to acceptable function. The axillary nerve can usually be
preserved as it is well protected within its epineurium on the deep surface of the
deltoid.

15.2.3 Upper Arm Tumours

Upper arm tumours primarily affect flexion and extension of the elbow [4, 5]. Triceps
resection will leave the upper limb weak to elbow extension. Depending on the extent
of the triceps resection, weakness may vary from mild to complete. Tricipital function
is mainly called upon for actions that move against gravity (reaching above the head)
or when pushing objects away from the body or reaching outward for something.
Most often extension of the elbow is easily achieved under the action of gravity alone
for daily activities that do not require significant speed or strength.

Biceps resection will lead to significant functional loss if complete. Patients will
not be able to draw their hand towards their mouth or lift objects towards them-
selves. Partial loss may be compensated to a small degree by action of the muscles
that arise from the extensor origin of the forearm and lateral epicondyle of the
humerus (brachioradialis, extensor wad).

Tumours of the lower half of the upper arm are liable to involve the major ner-
vous structures of the arm. If laterally placed, tumours may impinge on the radial
and posterior interosseous nerves. If medially placed, tumours may impinge on the
ulnar and median nerves (Fig. 15.2).

15.2.4 Forearm Tumours (Fig. 15.3)

Forearm soft tissue sarcomas may affect the flexor or extensor compartment of the
forearm either by their position or because of the required margins of resection [6—
8]. Proximal forearm tumours are more likely to affect the muscle bellies of the
forearm musculature, while more distal forearm tumours are more likely to involve
the tendons. This has specific impact on the function of the affected muscles because
the loss of muscle bellies usually includes the nerve supply. Preservation of the
muscle belly with distal tumours, however, affords a greater likelihood of functional
preservation through reconstruction of the tendons. Because the flexor digitorum
superficialis and profundus have important actions on the movement of the fingers,
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Fig. 15.2 T2-weighted, (a) axial, (b) coronal T2 contrast-enhanced fat-suppressed MRI images
demonstrating high-grade tumour of the upper arm. Note the course of the radial nerve (arrows)

Fig. 15.3 Contrast-
enhanced T1-weighted
fat-suppressed MRI images
demonstrating high-grade
tumour of the volar aspect
of the forearm. Note the
considerable oedema
pattern associated with the
tumour (arrows). Careful
preoperative planning will
be required to ensure that
the “tail” of oedema is also
included in the resection as
this is known to be
associated with recurrent
disease if ignored
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flexor compartment tumours are more likely to give rise to greater functional defi-
cits of the hand. Loss of the flexor carpi radialis is usually associated with minimal
deficits presumably because of the flexor power of the remaining forearm muscula-
ture. Loss of flexor carpi ulnaris, however, is associated with weakness of the move-
ment of ulnar deviation and flexion (wielding a hammer).

Resection of the extensors of the wrist (extensor carpi radialis brevis, longus) or
the extensors of the fingers will leave the typical finger or wrist drop. Salvage of
function will depend on whether the resection is at the muscle or tendon level.

15.2.5 Wrist and Hand Tumours

Hand tumours are particularly challenging [9-12]. If deep on the palmar side, the
potential involvement of the palmar arches and the median and ulnar nerves may
make reconstruction extremely difficult. Hypothenar tumours are usually associated
with minimal functional loss unless the deep branch of the ulnar nerve is affected
whereupon there will be weakness of the intrinsics of the hand and numbness of the
ulnar-supplied fingers. The ulnar may be protected within Guyon’s canal, so
assumption of the need for its sacrifice in all cases may not be valid. Thenar emi-
nence tumours will result in the loss of thumb opposition and abduction.

Sarcomas of the dorsum of the hand may be problematic because of the involve-
ment of the extensor tendons and also the metacarpals. The extent to which there is
functional impairment will depend on the extent of the tumour and the associated
resection.

Tumours situated in the flexor fossae are particularly problematic as the axilla
and the cubital fossa host the convergence of the major neurovascular structures of
the upper limb. Potential sacrifice of relevant structures may be required to ensure
adequate surgical margins for tumours arising in these two fossae. Tumours on the
medial aspect of the upper arm and over the head of the radius are also at risk of
compromising vital brachial neurovascular structures.

15.3 Bone Sarcomas
15.3.1 Anatomic Considerations

In comparison to the lower limb, resections of bone sarcomas of the upper limb are
associated with greater instability, more challenging reconstructions and potential
sacrifice of soft tissue structures (nerves, vessels, tendons, ligaments) because of the
greater proportion of bone to soft tissue in the upper limb. Because of this, bone
tumour resections are more likely to cause greater functional deficits.

Tumours of the proximal humerus or glenoid are particularly challenging
because resection with adequate margins is more often than not associated with
resection not only of the capsule of the shoulder but also the rotator cuff
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musculature. Both these structures are critical to the stability and function of the
glenohumeral joint. Because of the multiple extensions of the bursae around the
shoulder joint and their frequent communication with the joint, and also the
intraarticular nature of the long head of biceps tendon, proximal humeral sarco-
mas are characterised by the early involvement of the shoulder joint. In this regard,
extra-articular resection of tumours involving the proximal humerus and periar-
ticular scapula needs always to be considered.

Tumours of the distal humerus or proximal ulnar always require sacrifice of the
elbow joint. In order to maintain mobility of the joint, prosthetic replacement is
almost always required if limb salvage surgery is considered.

Involvement of either ulnar or radial shaft usually requires sacrifice with a cuff
of forearm muscle, and the deficit will be dependent on which bone is involved.
Distal tumours are associated with less functional deficits than more proximal
tumours because tendons are often protected by their synovial sheaths, the preserva-
tion of muscle bellies usually means protection of innervation of the muscle, and
should resection of the tendons be required, reconstruction is usually easily possible.

Resection of the distal radius can be easily treated with wrist arthrodesis via a
number of techniques.

Bone sarcomas of the hand are rare. Should they occur, considerable functional
deficits may be expected. Limb-sparing surgery is challenging, and oftentimes,
attempts will be associated with a poor functional and cosmetic result. Amputation
of the hand or ray amputations are more often required to achieve adequate surgical
margins.

15.4 Preoperative Staging

Preoperative imaging is essential for assessing the local and systemic extent of
tumours of the upper limb. This is particularly critical because of the close proxim-
ity of neurovascular structures in the flexor fossae, the medial aspect of the upper
arm, and in the proximal forearm. High-definition imaging is critical for planning
surgery that achieves adequate surgical margins and appropriate reconstructions
when considering limb-sparing surgery. In this regard, imaging of the entire bone or
soft tissue compartment is important to ensure that any potential skip lesions or
regional lymphadenopathy is identified.

15.5 AnatomicImaging

Magnetic resonance imaging (MRI) is the imaging modality of choice for both soft
tissue and bone sarcomas because of its unsurpassed contrast. This allows excellent
soft tissue and intramedullary delineation of tumour extent. It is important that
sequences include at least T1 images that demonstrate anatomy, T2 images that
demonstrate pathology, fat suppression images (with and without contrast enhance-
ment) and orientations that include axial, coronal and sagittal images.
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Computed tomography (CT) provides excellent bone imaging. Fine slice images
are able to delineate tumour involvement of cortical and trabecular bone.

Plain orthogonal radiography is mandatory for bone sarcomas as these allow
appropriate templating of bone for prosthetic sizing, appreciation of any bone or
joint deformities or abnormalities.

15.6 Functional Imaging

Functional imaging provides information on the biologic activity of the tumour and
whether this activity is uniform or limited to specific parts of the tumour. This will
help to guide biopsy, assess response to preoperative therapies, establish unifocal or
multifocal disease and also assist in planning surgical margins.

Functional imaging includes whole body technetium bone or thallium scintigra-
phy and glucose positron emission tomography (PET).

15.7 Biopsy

Biopsy is critical for diagnosing the tumour. This has important implications for
appropriate preoperative adjuvant treatment and subsequent surgery. Biopsy like the
definitive surgery also requires planning to ensure that the most representative site
is targeted, the safest approach is employed and that the entry site is placed within
the line of the incision to allow subsequent inclusion in the resection specimen with-
out compromising the approach or extent of the surgery.

15.8 Systemiclmaging

The purpose of systemic imaging (pulmonary CT, PET) is to identify if metastasis
has occurred. The presence of metastasis will alter the strategic approach to treat-
ment, and whether metastases have occurred or not needs to be established prior to
the commencement of treatment. In the presence of metastases, treatment more
often than not adopts a palliative approach, while a curative strategy is usually
employed when no metastasis is seen. A palliative approach may also include defin-
itive limb-sparing surgery.

15.9 Surgery
15.9.1 SoftTissue Sarcomas
A direct approach to resection is recommended for soft tissue sarcomas. Inclusion

of an ellipse of overlying skin oriented with its long axis in line with the long axis
of the limb is often required for a number of reasons: first, to minimise the creation
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of thin skin flaps with subsequent risk of tissue necrosis particularly in patients who
have received preoperative adjuvant therapy; second, to avoid dissecting close to the
tumour capsule of subcutaneous or large tumours; third, as 1/3 of sarcoma presenta-
tions occur after inadvertent resection elsewhere, to ensure that the entire skin inci-
sion and previous operative footprint are resected for good local control; and, fourth,
to minimise impact on lymphatic drainage by reducing an encircling scar.

It is important that preoperative planning includes a close collaboration with the
plastic surgical reconstructive team to optimise the best soft tissue reconstruction
that does not compromise the surgical margin. Moreover, as soft tissue surgery to
the upper limb is often associated with functional deficits afterwards, reconstructive
options to preserve function is an important consideration prior to surgery to ensure
appropriate surgery is undertaken and patient/surgeon expectations of the outcome
are met.

Functional reconstructions of the upper limb are complex procedures and require
the support of expert plastic and reconstructive surgeons. Defects may require mul-
tilayered transposition, rotational or free vascularised flaps [13]. Reconstruction of
deltoid, triceps and biceps musculature after resection may be achieved through
neurotised free muscle flaps or pedicled transposition flaps.

There are a number of strategies for the reconstruction of tumours of the forearm
and hand [7, 14]. Reconstruction of finger flexion and extension is more difficult. If
resection is limited to one compartment of the forearm, e.g. extensor, then tendon
transfers from the flexor side may be employed to power extensor tendons of the
wrist and hand, e.g. Jones transfer.

Reconstruction of flexor compartment musculature is a little more difficult
because of the differential actions of the flexor digitorum superficialis and profun-
dus tendons. Free vascularised innervated flaps may be employed to revitalise finger
and thumb flexion. Innervated flaps or nerve repair may assist in providing protec-
tive sensation to the palmar surface of the hand and fingers.

15.9.2 Bone Sarcomas
15.9.3 Humerus (Fig. 15.4)

Proximal humeral resections may be reconstructed by a variety of different ways.
These include prosthetic reconstructions (proximal humeral tumour endoprosthesis,
reverse shoulder tumour endoprosthesis), biologic reconstructions (proximal
humeral total condylar allograft, allograft arthrodesis, vascularised autogenous
arthrodesis, claviculo-pro-humero reconstruction) and allograft prosthetic compos-
ite reconstructions.

The main challenge for any reconstruction following proximal humeral resection
is joint stability. Almost all reconstructions other than the reverse shoulder arthro-
plasty requires a stabilising procedure to prevent subluxation of the proximal
humerus that involves either soft tissue transfer [15] or reinforcement with a variety
of non-resorbable synthetic meshes [16]. Surrounding the proximal humerus with
such synthetic material not only incites a fibrotic reaction which reinforces the sta-
bilising effect of the mesh but also allows a reliable framework to which adjacent
musculature may be attached (e.g. rotator cuff, deltoid insertion).
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Fig. 15.4 (a) Anteroposterior and (b) axillary lateral plain radiographs of the shoulder demon-
strating a large lytic lesion of the proximal humerus. (¢) CT scan of the shoulder demonstrating
destructive changes extending into the humeral head. (d) Thallium scan demonstrating local hyper-
metabolic tumour. (e) Following resection, the proximal humerus was reconstructed with a reverse
shoulder tumour endoprosthesis. (f) Despite the loss of the supraspinatus tendon, the reverse shoul-
der mechanism permits a reasonable level of post-operative arm abduction
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Occasionally an extra-articular resection of the shoulder joint (Tikhoff-Linberg)
is required [17, 18]. Reconstruction of the scapula may sometimes be omitted with
reconstruction of the proximal humerus occurring as a hanging arthroplasty where
the proximal humerus is either lashed to the rib cage or suspended between the
remaining scapula and clavicle [19].

If reconstruction of the scapula is required, for example, to act as a suspensory
structure for the arm, then a prosthetic device may be fashioned out of polymethyl-
methacrylate acetate (PMMA) or a patient-specific metallic implant manufactured
to which the parascapular musculature (trapezius, rhomboids, deltoid, serratus ante-
rior) may be attached. It is uncommon for such soft tissue reconstruction around a
prosthetic scapula to perform normally through an arc of movement, and at best it
provides a structure to which the shoulder reconstruction may be stabilised through
stiffness.

Resection of the humeral diaphysis can be reconstructed by direct shortening of
the humerus and osteosynthesis, intercalary autogenous (vascularised or non-
vascularised) or allograft bone reconstruction or an intercalary prosthetic spacer
[20-24].

15.9.4 Elbow

Distal humeral resections are almost always reconstructed with a total elbow tumour
endoprosthesis [25, 26]. A number of modularised prosthetic devices are available,
and as long as the ulnar is not affected by the tumour, such endoprostheses perform
well (Fig. 15.5). The main challenge with reconstructions about the elbow is

Fig. 15.5 (a) Anteroposterior and (b) lateral plain radiographs of a distal humeral tumour endo-
prosthesis following resection of (¢) a distal humeral tumour
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identifying, isolating and protecting the median, ulnar and radial nerves which lie
immediately adjacent to the elbow on its medial, lateral and posterior aspects. The
ulnar nerve is particularly vulnerable to post-operative neuritis because of its course
over the posterior aspect of the elbow. Therefore, surgeons may choose to transpose
the ulnar nerve onto the anterior aspect of the elbow. It is important that this manoeu-
vre is recalled later should reoperation around the elbow is required.

If a distal humeral tumour requires extra-articular resection of the elbow either
by involving the joint or the proximal ulnar, then a patient-specific implant will be
required. Such a reconstruction is important to match the ulnar component of the
tumour endoprosthesis to the intramedullary canal of the recipient’s ulnar.

15.9.5 Forearm

Forearm sarcomas account for less than 1% of all sites of sarcoma. Despite this, the
challenges for reconstruction are significant because of the importance of the distal
extremity. Surgery needs to be carefully planned not only for the resection but also
the reconstruction [27] (Fig. 15.6).

Distal ulnar resections do not necessarily require reconstruction. Weakness of
pronation, however, may result from this. Some argue that reconstruction of the
distal may be required to provide stability to the wrist joint in ulnar deviation. The
theory is that a significant ulnar minus deformity may cause the carpus to bear
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Fig. 15.6 (a) Chondrosarcoma of the proximal ulna. (b) Resection of the proximal ulnar tumour
including the radius and reconstruction with a patient-specific proximal ulnar and elbow tumour
endoprosthesis
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heavily on the ulnar corner of the distal radius leading to lunate pathology or carpal
arthritis. The extent to which this actually occurs remains unknown.

Resection of the distal radius is best treated with wrist arthrodesis (Fig. 15.7).
There are several techniques for this procedure, and both allograft and autograft
bone may be employed. Internal fixation with standard or arthrodesis plates may be
used to support the arthrodesis.
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Fig. 15.7 (a) Coronal T2-weighted fat-suppressed contrast-enhanced, (b) sagittal T1-weighted
and (c¢) T2-weighted fat-suppressed contrast-enhanced MRI images of a grade 3 giant cell tumour
of the distal radius. (d) En bloc resection of the tumour and reconstruction with an autograft fibular
arthrodesis. (e) Anteroposterior plain radiograph of the reconstruction with autologous fibula sup-
plemented with a spanning plate
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Fig. 15.7 (continued)

Mobile reconstructions of the wrist have been attempted in the past. In this cir-
cumstance, the proximal fibular head has been used as the articulating surface.
Gaining stability of this mobile reconstruction has proven a challenge with the risk
of carpal subluxation ever present.

15.9.6 Amputation

In the setting of a bone or soft tissue sarcoma that is characterised by invasion of
vital neurovascular structures where resection is unlikely to result in a functional
limb despite reconstruction, amputation should be considered [28, 29]. Large soft
tissue tumours of the axilla, medial arm or elbow or deep-seated soft tissue tumours
of the forearm are such tumours.

A further circumstance where amputation should be considered is when a tumour
is inadvertently excised with wide contamination of neurovascular structures such
that the resection of the operative footprint is so wide as to make functional recon-
struction and limb preservation unlikely.
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If the decision to amputate is made, amputation should be far enough away to
ensure good local control of disease. Amputations for forearm sarcomas are usually
performed at the level above the elbow. This is to ensure adequate skin flaps are
available for closure. Furthermore, with inadvertent excision of forearm sarcomas,
the potential for the deep forearm bursae (radial bursa and common flexor sheath)
to be contaminated is ever present, and this may give rise to a high risk of local
recurrence in the hand and forearm.

High amputation of the upper limb may be at the thoraco-scapular level (fore-
quarter amputation), through the glenohumeral joint (shoulder disarticulation) or
within the proximal third of the humerus. For such proximal resections, it is critical
to elaborate on whether axillary lymph node involvement is present. This may
necessitate reconsideration of the treatment strategy. PET scanning and MRI are
highly recommended for determining the presence or absence of axillary
involvement.
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Surgical Management of Pelvic 1 6
Sarcomas

Peter F. M. Choong

16.1 Introduction

Tumours of the pelvis account for a sixth of all sarcomas. The pelvis is a challeng-
ing area to manage surgically because of the neurovascular structures and viscera
within its cavity, the limb girdle musculature which arise from its inner and outer
surface and vital structures that course from within to outside the cavity. Moreover,
the large volume for expansion within the confines of the pelvic and abdominal cav-
ity and the bulk of the muscle and fat that drape the proximal limb girdle allows
tumours both soft tissue and bone to attain considerable sizes before detection.

The pelvis is also important because it provides a structural connection between
the lower limb and the rest of the body. Specifically, it connects the lower limb to
the spine through the hip joint and sacroiliac joint and to the contralateral side via
the anterior pelvis (pubic rami and pubic symphysis) and the sacrum. Resection of
any of these parts has the potential to destabilise the pelvic ring and impair the struc-
tural integrity of the locomotor mechanism [1, 2].

The pelvic ring and the musculoskeletal system of the pelvic girdle can sustain
considerable disruption while still being able to bear weight and contribute to loco-
motor function [1, 2]. Numerous reconstructive strategies have been developed to
rebuild the pelvis after tumour resection with the purpose of providing stability of
the pelvic ring, articulation between femur and pelvis and satisfactory functional
outcomes [3].
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16.2 Bone Tumours

Common benign bone tumours of the pelvis include but are not limited to osteo-
chondromas, enchondromas, fibrous dysplasia, aneurysmal bone cysts and simple
bone cysts.

Malignant bone tumours more commonly include chondrosarcoma, osteosar-
coma and Ewing’s sarcoma and lymphoma. However, rarer malignancies may
also occur.

16.2.1 Soft Tissue Tumours

Lipoma, schwannoma and myxoma are the commonest benign soft tissue tumours
encountered around the pelvis.

Malignant soft tissue tumours are many, but the more common that affect the
pelvis include undifferentiated pleomorphic sarcoma, liposarcoma, fibromyxoid
sarcoma and synovial sarcoma.

16.2.2 Presenting Symptoms and Signs

Benign bone tumours usually present incidentally or as a painless prominence.
Malignant bone tumours, however, often present with deep-seated pain that is unre-
mitting and not responsive to simple analgesics. Nocturnal pain is a feature of
malignant bone tumours. If the periacetabular area is affected, then referred pain
down the thigh and to the knee may also occur.

Benign soft tissue tumours present with a painless soft lump or incidentally on
imaging. A schwannoma may present with deep-seated pelvic discomfort or referred
pain if a sensory nerve is affected. Malignant soft tissue tumours present as hard or
firm masses often fixed to underlying structures. They may grow to substantial sizes
prior to presentation. Compression or impingement on adjacent viscera, for exam-
ple, the bladder or liver, may give rise to symptoms that herald the presence of
the tumour.

16.2.3 Investigations

Because of the complexity of the anatomy and contents of the pelvis, it is crucial
that careful and thorough imaging is employed. As many tumours of the pelvis
can reach substantial sizes, the risk of metastasis is high if the tumour is malig-
nant. Therefore, systemic imaging should also be employed. All local and sys-
temic investigations lead ultimately to biopsy which should be targeted, planned
and image guided.
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16.2.3.1 Plain Radiography

Plain radiograph of the pelvis should be performed to give an initial assessment of
the extent of bone involvement and the encroachment of tumour on the periacetabu-
lum or the sacroiliac area [4—7]. The internal characteristics of the tumour (e.g.
lysis, calcification, fluid levels, mixed lytic sclerotic, bone-in-bone) may give an
indication as to the diagnosis. Special attention should also be paid to the types of
periosteal elevation (sunray, Codman’s triangle, onion skin) which are associated
with different types of primary bone tumours [8]. Soft tissue tumours may be noted
by asymmetry of soft tissue outlines [9].

16.2.3.2 Computed Tomography

Computed tomography (CT) is an ideal method for imaging the characteristics of
bone. It is able to clearly delineate cortical and trabecular destruction and is very
useful for identifying breaches in the cortex to signal extraosseous extension [10].
CT is also an important modality in more advanced approaches to image-guided
surgery. CT may be used to characterise a pelvic soft tissue mass, but magnetic reso-
nance imaging (MRI) is a better modality for this. CT is mandatory of the lungs to
detect the presence of pulmonary metastases.

16.2.3.3 Magnetic Resonance Imaging

Magnetic resonance imaging is perfectly placed to image a pelvic tumour [5, 11—
14]. Its unsurpassed soft tissue contrast is invaluable for separating tumour from
adjacent structures including vessels, nerves, viscera and bone. Moreover, the fat
content of the pelvic marrow space provides excellent contrast for estimating the
extent of intraosseous tumours. MRI is mandatory for all cases of pelvic sarcoma
whether of bone or soft tissue. T1 sequences allow a nice portrayal of anatomy,
while T2 sequences highlight pathology particularly when combined with contrast
and suppression of the fat signal. T1 imaging is very useful for identifying the fat
layers between the anatomic structures to help define the tumour margins and the
surgical margins. It is important that investigation of a posterior pelvic tumour
includes examination of the lumbar spine as some tumours of the pelvis may rise
high up in the spinal canal or paraspinal space.

16.2.3.4 Functional Imaging

Functional imaging is an important addition to the investigatory armamentarium.
The ability to demonstrate metabolic activity is very useful for helping to target
biopsies, for pretreatment baseline assessment and for assessing post-treatment
response. Various modalities have been described including FDG-PET [15-20],
thallium-201 [21-23] and DMSA(V) [22, 23]. These markers target the metabolic
machinery of cells to highlight their inherent and post-treatment activity. A reduc-
tion in activity is an indication of tumour response to treatment, while an ongoing
high signal indicates that the tumour remains viable or has not responded to treat-
ment. The characteristics of the signal pattern, for example, whether the uptake is
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peripheral or central may indicate where the viable or necrotic tumour is. It is
important to note that some tumours show little uptake because of extensive tumour
necrosis. This is an indication of the high-grade nature of the tumour rather than one
without activity because it is low grade. Careful interpretation with an expert in
nuclear medicine is recommended. If there is a poor response to neoadjuvant ther-
apy as predicted by functional imaging, then a careful assessment of the margins
should be undertaken with a view to employing the pretreatment tumour dimensions
and position as the benchmark for planning surgical margins.

16.2.3.5 Angiography

Angiography is seldom done unless consideration is being given to vascular resec-
tion and reconstruction [24-32]. Large pelvic tumours with overhanging protuber-
ances may entrap vessels between themselves and the pelvis, and if suspected
angiography would be helpful to delineate the nature and extent of the impingement.

16.2.3.6 Ureterogram/Cystogram

Tumours of the lesser pelvis may impinge on the base of the bladder and compro-
mise the function of the ureters as they enter the bladder. Similarly, anterior pelvic
tumours may endanger the urethra as it courses under the pubic arch. Men with
previous surgery to the prostate or benign prostatic hypertrophy may be susceptible
to urethral damage with dissection because of the tethering of the urethra.

16.2.4 Biopsy

Biopsy of pelvic tumours is essential for appropriate multidisciplinary care because
of the wide variations in treatment [33, 34]. Because of the anatomic complexities
of the pelvis, biopsies should be carefully planned and performed in a centre expert
at managing bone and soft tissue tumours. Image-guided biopsy (CT) allows the
proper execution of this plan with reliable diagnostic accuracy which can also be
recorded [34]. The entry point of biopsy, the passage of the biopsy instrument and
the tissue harvest can be confirmed providing important information for planning
the subsequent surgical approach.

Iliac tumours are best biopsied with an entry point that stays close to the iliac
crest and a trajectory which passes along the plane of the iliac wing. Tumours of the
sacrum should be approached from directly posteriorly. Anterior pelvic tumours
may also be biopsied from a direct anterior approach while avoiding the contents of
the femoral triangle. Tumours of the periacetabulum are notoriously difficult to
biopsy because access to the medial wall may be obstructed anteriorly by the femo-
ral vessels, posteriorly by the contents of the sciatic notch and laterally by the hip
joint. In such a situation, an open biopsy may be necessary to allow absolute control
of the biopsy process and protection of vital structures while ensuring minimal con-
tamination of the operative field for a subsequent definitive procedure. This is a time
where clinical judgement and experience becomes extremely valuable. This is most
available at centre expert in the management of bone and soft tissue tumours.
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16.3 Preoperative Preparation

Preoperative preparation of the patient is vital to ensure their safety during and after
surgery. Pelvic surgery may be accompanied by considerable physiological upset
over a long duration of time, and neoadjuvant therapies may compromise numerous
bodily systems, so careful testing and preoperative optimisation is necessary.

Anaemia, neutropenia and thrombocytopenia are common with patients under-
going chemotherapy. A nadir of haematological function is usually reached within
the first week after delivery of the final pre-operative dose, and most patients’ indi-
ces have returned to pre-chemotherapy levels by 2 weeks of the final dose. Even
patients undergoing radiotherapy may suffer idiosyncratic blood dyscrasias. Large
soft tissue tumours may give rise to anaemia because of haemorrhagic necrosis, and
tumour-related fevers are not uncommon. Relevant transfusions should be pre-
scribed to ensure that the appropriate levels that are safe for surgery are reached.
Considerable blood loss is common, and this may trigger coagulopathies which
may be best treated by mitigation in the first instance. Planning of surgery should be
timed with optimisation of the haematological status.

Cardiac and renal function are often impacted by the types of agents used for
preoperative chemotherapy. Appropriate preoperative cardiac and renal testing is
mandatory because of the considerable physiological stress associated with exten-
sive and prolonged pelvic resectional and reconstructive surgery. Intraoperative car-
diac monitoring may also be employed using transoesophageal echocardiograms
for particularly fragile patients.

Nutritional status is important as many patients stand to lose significant amounts
of weight prior to surgery. Wound complications, infection and healing are related
to the nutritional state of the individual prior to and after surgery. Engagement of
appropriate dietetic advice and support is valuable.

Anaesthetic screening prior to surgery is essential so that the patient and anaes-
thetist may be aware of possible contingencies leading up to and including the pro-
cedure [35]. A combination of neuraxial, regional and general anaesthesia is often
employed to ensure the safest conditions for the patient and to optimise post-
operative pain control management [36-38]. As there is a possibility for consider-
able blood loss during the case as well as prolonged recumbency, the anaesthetic
team should be prepared for high-volume fluid shifts, and invasive intraarterial and
central venous monitoring is often required. High-volume fluid shifts may result in
pulmonary oedema and upper airway and facial swelling [37]. Liaison with inten-
sive care specialist is recommended in anticipation of a period of intensive post-
operative monitoring until the patient is stable enough to return to the general ward.

16.3.1 Positioning
The patient is usually positioned in the “floppy lateral” position (Fig. 16.1). In this

position the patient is held with side supports at the sternum and thoracic region
with the abdomen, flank and pelvis free for any approach. With the side supports
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Fig. 16.1 The patient is held in the floppy lateral position with a sternal and mid thoracic rest.
This allows good exposure of the abdomen and the entire hemipelvis and lower leg. This allows the
patient to be held in (a) the lateral position, (b) rolled inward into a semi-prone position and (c)
rolled outward into a semi-supine position. This allows an excellent approach to the pelvis from
the front, the side and the back. Preparing the leg free also permits harvest of the ipsilateral fibula

securely positioned opposite the sternum and mid thorax, the patient may be rolled
forward from the lateral position (Fig. 16.1a) to the semi-prone position to expose
the posterior pelvis/buttock (Fig. 16.1b) and to the semi-supine position (Fig. 16.1c)
to expose the anterior lower abdomen and pelvis as required [39]. Careful padding
of the pressure points on the underside of the patient is mandatory because of the
duration of the operation.

16.3.2 Surgical Considerations

Pelvic surgery is complex because of the close proximity of vital structures and
viscera. The pelvic ring may be divided into four parts which bear special relevance
when planning surgery (Fig. 16.2).

The ring consists of (I) the iliac wing (superior and inferior halves), (II) the peri-
acetabulum, (III) the symphysis and pubic rami and (IV) the sacrum. This
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Fig. 16.2 The pelvis is divided into four zones (Type I, II, 111, and IV). Tumours are classified
according to where they are located (e.g. Type I tumour is in the ilium, Type II is periacetabular,
Type 11 is ischio-pubic, and Type IV is sacral). Crossover of tumours from one zone to another is
reflected in the nomenclature (e.g. Types I-IV are ilio-sacral tumours)

classification (Types I-IV) is a consensus nomenclature to allow surgeons expert in
the field to discuss tumour locations, resections, reconstructions and outcomes [40].

16.3.2.1 TypelTumours

Tumours of the iliac wing are classified as Type I tumours. The least complicated
position is the superior half of the wing of the ilium. Here, the main structures to
consider when planning surgery are the muscles on either side of the bone, namely,
ilio-psoas and the abductors.

Resection of tumours of the superior part of the iliac wing may occur without
disrupting the pelvic ring. Leg lengths are usually maintained, and the function of
the hip usually remains normal unless there has been sacrifice of the gluteus medius.

Involvement of the inferior half of the iliac wing usually complicates the con-
tents of the sciatic notch. Here the internal iliac vessels emerge as the superior and
inferior gluteal vessels and the internal pudendal vessels. If an extraosseous exten-
sion of bone tumour or a soft tissue sarcoma obstructs the sciatic notch, then limb-
sparing surgery may be difficult or impossible without sacrificing the sciatic nerve
and the internal iliac vessels. Securing the sciatic notch is critical for limb-sparing
surgery, and appreciation of this must occur early in the planning of surgical mar-
gins (Fig. 16.3).

Reconstruction of the iliac wing is usually unnecessary if the pelvic ring is not
disrupted. If, however, disruption occurs, there are a number of reconstructive
options available.

(a) No reconstruction — Leaving the defect as is will result in the two ends of the
“broken” ring approximating each other. The side of the surgery will close like a
book hinging on the symphysis pubis. Doing so, there are usually a limb length
discrepancy and slight outward rotation of the ipsilateral leg [41, 42].
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Fig.16.3 Securing the
notch is critical for safe
surgery. Key anatomic
landmarks from behind
include the sacrospinous
ligament (SSL), the
pudendal vessels (PV), the
sciatic nerve (SN) and the
inferior gluteal vessels
(Inf GL V)

Fig. 16.4 (a) Posterior view of Type -1V resection demonstrating the cut surfaces of the ilium
and sacrum (dashed lines) and the three fibular grafts spanning the defect (arrows). (b) Plain
anteroposterior radiograph demonstrating the reconstruction. Sacral cut performed just lateral to
the sacral foramina

Patients tend to do very well after this type of surgery and are able to partially
weight bear with walking aids about 3 months after surgery. With increasing com-
fort, patients may be graduated onto greater weight bearing as tolerated. It may be
helpful to have a patient in a hip spica initially to stabilise the pelvis, thus making it
more comfortable for the patient when mobilising.

(b) Biological reconstruction — The defect in the ilium may be spanned by vascu-
larised or non-vascularised autogenous bone [43—47] (Fig. 16.4). The outcome of
non-vascularised bone may be similar to vascularised grafts and, therefore, may be
chosen because of a shorter, less complicated surgery (Fig. 16.4).
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The defect may also be spanned using allograft bone [1, 48, 49]. The availability
of large amounts of bone of different dimensions usually means that allograft bone
is a satisfactory option. This can be considered when the gap top span is wide.
Whether allograft bone survives longer than autograft bone or is as strong depends
on variables such as whether the bone is fresh-frozen or irradiated. The latter is usu-
ally of less structural quality than fresh-frozen bone. However, the need to protect
the graft and recipient from infection usually requires irradiation, and therefore, the
risk of late fracture, dissolution or non-union exists.

(c) Bespoke prosthetic reconstructions of the pelvic wing — These are less com-
monly used because of the expense and complexity of manufacture. Their use in
specialist centres usually reflects surgeon or institutional preferences [50-54].
Modern three-dimensional additive manufacturing has opened renewed interest in
such bespoke implants because of the ability to address not only the shape but also
the strength and the surface characteristics of the prosthesis. Although modern
bespoke manufactured prostheses have enjoyed great attraction, they are not
regarded as conventional because of costs and the lack of long-term data.

16.3.2.2 Type ll Tumours

Tumours of the periacetabulum are referred to as Type II tumours. Tumours here
usually involve the hip joint, and treatment almost always leads to sacrifice of that
joint. The extent to which part of the hip joint can be spared in any Type II resection
will depend on the nature of the tumour, its response to neoadjuvant therapy and
whether the preserved part of periacetabular bone is actually worth preserving.
Reconstructions are complex and associated with high intra- and post-operative
risk [55].

Resections of the periacetabulum usually require dissection through the sciatic
notch; therefore, it is critical that control of the contents of the sciatic notch is
achieved and that achieving control retains good margins around the periacetabular
tumour. The spine of the pelvis and the ischial tuberosity form the posterior column
of the acetabulum. Wide resection of tumours therefore will usually include these
two landmarks. It is important that the sacro-spinous and the sacro-tuberous liga-
ments are safely identified and divided prior to performing the osteotomies, as these
structures may impede manipulation of the osteotomised fragment and prevent its
extraction if the ligaments, which are very robust, remain intact.

If the hip joint is involved with tumour within the joint, then an extra-articular
resection is required which includes the hip joint (unopened). To achieve this, the
femoral osteotomy should follow the line of the femoral attachment of the capsule
or at least at the subtrochanteric region or below.

Exposure of the periacetabulum is facilitated by a trochanteric osteotomy which
will allow reflection of the abductors superiorly to demonstrate the underlying bone.
If trochanteric osteotomy is possible, then reattachment at the end of the procedure
will usually facilitate good abductor function and hip joint stability later.

Reconstructions after periacetabular resections may include joint reconstruction
or non-joint reconstructing procedures.
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Fig. 16.5 Pedestal cup
impacted into position
using computer guidance
to reconstruct a Type II
resection

Fig. 16.6 (a) CT scan demonstrating left periacetabular chondrosarcoma. (b) Type I-II resection
and reconstructed with bespoke 3D printed implant

Joint reconstructing procedures aim to re-establish the hip joint. This usually
involves a prosthetic solution or an autograft/allograft prosthetic composite.

Prosthetic solutions include standard acetabular reconstructions, pedestal cup
type reconstructions (Fig. 16.5) or bespoke pelvic prostheses (Fig. 16.6).

Biologic reconstructions alone are uncommon and are usually combined with
prosthetic solutions. These include pelvic allografts or pelvic autografts (post-
extracorporeal irradiation) (Fig. 16.7) in combination with standard hip prosthetic
implants.

Non-joint reconstructing procedures include flail hip, ilio-femoral arthrodesis or
ischio-femoral pseudarthrosis. Ilio-femoral arthrodesis is a reliable means of achiev-
ing stable weight-bearing ability after resection of the acetabulum. However, this
procedure is always associated with a limb length deficiency, unless an intercalary
graft is also used to build up the deficit of bone. Patients with ilio-femoral
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Fig. 16.7 (a) Type I-II resection. Note exposed femoral head and trochanteric osteotomy for
exposure. (b) Segment of resected bone containing periacetabular chondrosarcoma. (¢) Following
extracorporeal irradiation, Type I-II reconstruction with pelvic plates, large interfragmentary
screws and total hip replacement

pseudarthroses rely on increased activity and mobility of the ipsilateral knee, con-
tralateral hip and lumbar regions to compensate for the loss of mobility through the
arthrodesis.

Ischio-femoral pseudarthrosis (Fig. 16.8) is an excellent reconstructive solution
for patients who have had periacetabular resections. The reconstruction itself is
simple and essentially consists of lashing the proximal femur to the superior and
inferior pubic ramus with cerclage cables and grafting around the pseudarthrosis
with femoral head graft if possible. The limb hinges on the pubic symphysis allow-
ing some movement to compensate for the stiffness of the pseudarthrosis. A jog of
movement at the pseudarthrosis adds to the movement imparted at the pubic
symphysis.

Type II reconstructions if successful provide the patient with a useful lower limb,
and therefore, these reconstructions should be considered where feasible. However,
the complications and risks associated with this type of reconstruction are signifi-
cant [56], particularly when considering the use of novel bespoke prostheses.
Careful consideration is required when discussing the pros and cons of such surgery
with the patient to ensure that a fully informed decision is made and that post-
operative expectations of patient and surgeon are matched. Because of these high
risks, the patient must understand the potential for limb or life lost as a result of
these complications.
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Fig. 16.8 (a) Coronal CT scan demonstrating large periacetabular sarcoma. (b) Type I-II-IV
resection followed by ischio-femoral pseudarthrosis reinforced by two cables

16.3.2.3 Type lll Tumours

Type III resections remove the bone from the symphysis pubis to the acetabular
margin. Surgery in this area exposes the femoral and obturator neurovascular struc-
tures to injury. In addition, the bladder is at risk of tumours that are midline in the
anterior pelvis. The urethra is also at risk as it passes under the pubic arch. Post-
operatively, anterior pelvic resections may be complicated by large direct inguinal
hernias that include bowel and bladder.

Bone reconstructions following Type II resections are uncommon. Weight bear-
ing does not require a reconstruction of the bony pubis even if bilateral pubic rami
resections (four-poster) are required.

Direct hernia of the lower anterior abdominal wall is common after unilateral or
bilateral pubic rami resections. However, it is uncommon for such hernias to become
complicated. Some patients may develop pressure symptoms related to bowel or
bladder herniation. Reconstruction of the lower anterior abdominal wall is difficult
and usually requires supplementary material such as synthetic mesh to provide suf-
ficient strength to hold back the pressure of abdominal contents [57]. The main
problem of such reconstructions is identifying suitable attachment points on the
residual bone or soft tissue to act as a robust foundation for anchoring sutures. Soft
tissue reconstructions with fascia or muscle flaps have also been tried with varying
success.

16.3.2.4 Type IV Tumours
Type IV resections involve resections of the sacral body or alar. Sacral resections
are employed either for the treatment of chordomas or where the lateral sacral alar
is included as part of the margin when resecting Type I tumours.

Resections of the Sacral Alar.
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Resections of the sacral alar usually occur lateral to the sacral foramina. The
emerging nerve roots are the landmarks for the most medial extent of the resection.
The nerve roots may be identified anteriorly as they emerge from the foraminae or
from behind as the nerve roots are followed out laterally during the course of a
sacral laminectomy. The use of computer-assisted techniques borrowed from spinal
and joint replacement surgery now allows navigation of the line of the osteotomy,
thus increasing the efficiency and safety of the procedure.

Sacrectomy for sacral chordoma is a challenging operation [58—60] particularly if
it requires resections above the level of the S2-3 interval. At this level, decisions are
required as to whether to spare at least one sacral nerve root, if possible, to provide a
level of urinary and bowel continence [61]. Moreover, resections that are above the
S2-3 interval stand to increase the stresses on the remaining sacral segments (S1,
partial S2) because of the transmission of the body weight through this weakened part
of the pelvic ring. The risk of stress fracture through the sacral remnant is high with
such resections [62] and if present will lead to pain and deformity. Under such circum-
stances, modifications to rehabilitation and reconstruction with spinal instrumentation
supplemented by allograft/autograft bone [60] should be considered.

Sacrectomy below the S2 has been well described and can usually occur without
significant compromise of bowel or bladder dysfunction or injury to the lumbosa-
cral plexus. Bone reconstruction is unnecessary. However, soft tissue reconstruction
to close a soft tissue deficit may be required [58]. The use of pedicled myocutaneous
rectus abdominis flaps has been successful at facilitating soft tissue defect closure
of upper and lower sacral chordomas. This will depend on the extent of soft tissue
involvement posteriorly or laterally to the sacrum by tumour extension. Bilateral
gluteus maximus flaps may also be used in a keystone manner to close midline
sacral lesions. Reconstruction allows the introduction of thicker tissue into the
sacral defect which can help to reduce the occurrence or size of a rectocoele.

In some centres, sacrectomy other than for very low and small sacral tumours has
been replaced by radiotherapy [63—65]. The results of proton or carbon ion beam
radiotherapy have demonstrated equivalent local control of disease in certain cir-
cumstances that are equivalent to surgery. The advantage of this treatment is that it
avoids the morbidity of surgery and is not associated with loss of bowel or bladder
function as a direct result of radiotherapy and the soft tissue toxicity of radiotherapy
is acceptable. A higher dose that is more targeted and therefore sparing to surround-
ing unaffected tissues is said to be better. The disadvantages of this type of radio-
therapy are the cost and limited availability of this modality with only few centres
around the world being able to deliver such specialised care.

A combined radiotherapy-surgery approach is being popularised because of pre-
liminary retrospective results indicating better local control in sacral tumours treated
preoperatively with radiotherapy.

Margins

Local control of disease is directly related to the quality of the surgical margin in the
majority of cases. Sometimes, however, local recurrence may occur despite excel-
lent surgical margins. This is most likely the local manifestation of a biologically
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aggressive tumour, just as systemic metastases are a manifestation of a high-
grade tumour.

Achieving wide surgical margins can be a challenge when resecting bone and
soft tissue sarcomas of the pelvis. Sacrifice of important bone, muscle, visceral or
neurovascular structures may be required to achieve local control of disease with a
curative intent. Neoadjuvant therapies (chemotherapy, radiotherapy) may afford
additional control of local disease if surgical margins are anticipated to be less than
wide. Should radiotherapy be recommended, then it is best to be delivered in the
pre-operative setting when there is a target for the radiation and where a margin of
sterilisation may be included around the tumour. This is despite the recognition that
radiotherapy may cause induration to the mesentery and other soft tissues, as well
as the possibility of anastomotic and wound healing complications.

Amputation

External hemipelvectomy (amputation) should be considered when tumours of the
pelvis arise in situations which preclude the possibility of a functional limb. An
inability to close a wound and achieve adequate oncologic margins, gross tumour
contamination by inadvertent excision and tumour fungation are indications for
external hemipelvectomy.

Sacrifice of the femoral vasculature, sciatic nerve or hip joint may occur as part
of a pelvic resection. These are compatible with limb-sparing surgery if resection is
limited to one of the vessels, nerve or joint but not two. Should two or more of these
structures require sacrifice, then attempts at limb salvage surgery should be avoided,
and surgery should proceed directly to amputation.

Amputations may be based on an anterior or posterior flap [66]. Anterior flap
hemipelvectomies rely on a patent femoral artery system. A posterior flap hemipel-
vectomy relies on the buttock musculature which is based around the inferior glu-
teal vessels. In this regard, careful pre-operative staging imaging is critical to clarify
the involvement of the internal and external iliac systems from which the inferior
gluteal and femoral arteries arise, respectively. Occasionally, there may be insuffi-
cient soft tissue to close a hemipelvectomy. In this case, a free vascularised flap
harvested from the amputated limb may provide a solution without further morbid-
ity to the patient [67].

References

1. Aach M, Gebert C, Ahrens H, Dieckmann R, Gosheger G, Hardes J, et al. The primary stability
of pelvic reconstruction after partial supraacetabular pelvic resection due to malignant tumours
of the human pelvis: a biomechanical in vitro study. Med Eng Phys. 2013;35(12):1731-5.

2. Akiyama T, Saita K, Ogura K, Kawai A, Imanishi J, Yazawa Y, et al. The effect of an external
hip joint stabiliser on gait function after surgery for tumours located around the circumference
of the pelvis: analysis of seven cases of internal hemipelvectomy or proximal femur resection.
Int Orthop. 2016;40(3):561-7.

3. Wilson RJ, Freeman TH Jr, Halpern JL, Schwartz HS, Holt GE. Surgical outcomes after
limb-sparing resection and reconstruction for pelvic sarcoma: a systematic review. JBJS Rev.
2018;6(4):e10.



16

Surgical Management of Pelvic Sarcomas 277

4.

5.

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ferguson JL, Turner SP. Bone Cancer: diagnosis and treatment principles. Am Fam Physician.
2018;98(4):205-13.

Morley N, Omar I. Imaging evaluation of musculoskeletal tumors. Cancer Treat Res.
2014;162:9-29.

. Patel A, Davies AM, James SL. Imaging of extremity soft tissue masses: pitfalls in diagnosis.

Br J Hosp Med (Lond). 2015:76(6):344—52.

. Patel DB, Matcuk GR Jr. Imaging of soft tissue sarcomas. Chin Clin Oncol. 2018;7(4):35.
. Wenaden AE, Szyszko TA, Saifuddin A. Imaging of periosteal reactions associated with focal

lesions of bone. Clin Radiol. 2005;60(4):439-56.

. Stramare R, Beltrame V, Gazzola M, Gerardi M, Scattolin G, Coran A, et al. Imaging of soft-

tissue tumors. J Magn Reson Imaging. 2013;37(4):791-804.

Rajiah P, Ilaslan H, Sundaram M. Imaging of sarcomas of pelvic bones. Semin Ultrasound CT
MR. 2011;32(5):433-41.

Arkun R, Argin M. Pitfalls in MR imaging of musculoskeletal tumors. Semin Musculoskelet
Radiol. 2014;18(1):63-78.

. Chan WP. Magnetic resonance imaging of soft-tissue tumors of the extremities: a practical

approach. World J Radiol. 2013;5(12):455-9.

Subhawong TK, Wilky BA. Value added: functional MR imaging in management of bone and
soft tissue sarcomas. Curr Opin Oncol. 2015;27(4):323-31.

van der Woude HJ, Bloem JL, Pope TL Jr. Magnetic resonance imaging of the musculoskeletal
system. Part 9. Primary tumors. Clin Orthop Relat Res. 1998;347:272-86.

. Andersen KF, Jensen KE, Loft A. PET/MR Imaging in Musculoskeletal Disorders. PET Clin.

2016;11(4):453-63.

Behzadi AH, Raza SI, Carrino JA, Kosmas C, Gholamrezanezhad A, Basques K, et al.
Applications of PET/CT and PET/MR imaging in primary bone malignancies. PET Clin.
2018;13(4):623-34.

Guimaraes JB, Rigo L, Lewin F, Emerick A. The importance of PET/CT in the evaluation of
patients with Ewing tumors. Radiol Bras. 2015;48(3):175-80.

Kandathil A, Subramaniam RM. PET/computed tomography and precision medicine: muscu-
loskeletal sarcoma. PET Clin. 2017;12(4):475-88.

Partovi S, Chalian M, Fergus N, Kosmas C, Zipp L, Mansoori B, et al. Magnetic resonance/
positron emission tomography (MR/PET) oncologic applications: bone and soft tissue sar-
coma. Semin Roentgenol. 2014;49(4):345-52.

Zhang X, Guan Z. PET/CT in the diagnosis and prognosis of osteosarcoma. Front Biosci
(Landmark Ed). 2018;23:2157-65.

Choong PF, Nizam I, Ngan SY, Schlict S, Powell G, Slavin J, et al. Thallium-201 scintigraphy-
-a predictor of tumour necrosis in soft tissue sarcoma following preoperative radiotherapy?
Eur J Surg Oncol. 2003;29(10):908—-15.

Jo I, Gould D, Schlicht S, Taubman K, Choong PF. Diagnostic accuracy of functional imag-
ing modalities for chondrosarcoma: a systematic review and meta-analysis. J Bone Oncology.
2019;19:100262.

Jo O, Schlicht S, Slavin J, Di Bella C, Pang G, Powell G, et al. The role of Thallium-201 scin-
tigraphy and Tc-99m pentavalent dimercaptosuccinic acid in diagnosis and grading of chon-
drosarcoma. Eur J Radiol. 2020;125:108846.

Wu G, Xie R, Li Y, Hou B, Morelli JN, Li X. Histogram analysis with computed tomography
angiography for discriminating soft tissue sarcoma from benign soft tissue tumor. Medicine
(Baltimore). 2020;99(2):¢18742.

Miwa S, Taki J, Yamamoto N, Shirai T, Nishida H, Hayashi K, et al. A novel combined radio-
logical method for evaluation of the response to chemotherapy for primary bone sarcoma. J
Surg Oncol. 2012;106(3):273-9.

Adigun IA, Rahman GA, Ogundipe KO. Soft tissue sarcoma of the thigh: need for angiogra-
phy in the developing countries. Ann Afr Med. 2010;9(1):39-43.

Shapeero LG, Vanel D. Imaging evaluation of the response of high-grade osteosarcoma and
Ewing sarcoma to chemotherapy with emphasis on dynamic contrast-enhanced magnetic reso-
nance imaging. Semin Musculoskelet Radiol. 2000;4(1):137-46.



278 P. F. M. Choong

28. Olieman AF, van Ginkel RJ, Hoekstra HJ, Mooyaart EL, Molenaar WM, Koops
HS. Angiographic response of locally advanced soft-tissue sarcoma following hyperthermic
isolated limb perfusion with tumor necrosis factor. Ann Surg Oncol. 1997;4(1):64-9.

29. Lang P, Vahlensieck M, Matthay KK, Johnston JO, Rosenau W, Gooding CA, et al. Monitoring
neovascularity as an indicator to response to chemotherapy in osteogenic and Ewing sarcoma
using magnetic resonance angiography. Med Pediatr Oncol. 1996;26(5):329-33.

30. Wang JH, Li MJ, Tang DX, Xu S, Mao JQ, Cai JB, et al. Neoadjuvant transcatheter arterial
chemoembolization and systemic chemotherapy for treatment of clear cell sarcoma of the
kidney in children. J Pediatr Surg. 2019;54(3):550-6.

31. NiJY, Sun HL, Chen YT, Luo JH, Wang WD, Jiang XY, et al. Drug-eluting bead transarterial
chemoembolization in the treatment for unresectable soft tissue sarcoma refractory to sys-
temic chemotherapy: a preliminary evaluation of efficacy and safety. J Cancer Res Clin Oncol.
2018;144(1):157-63.

32. Hansch A, Neumann R, Gajda M, Marintchev I, Pfeil A, Mayer TE. Transarterial catheter
embolization of a sarcoma for preoperative conditioning. Vasa. 2010;39(2):185-8.

33. Trieu J, Sinnathamby M, Di Bella C, Pianta M, Perera W, Slavin JL, et al. Biopsy and the
diagnostic evaluation of musculoskeletal tumours: critical but often missed in the 21st century.
ANZ J Surg. 2016;86(3):133-8.

34. Trieu J, Schlicht SM, Choong PF. Diagnosing musculoskeletal tumours: how accurate is
CT-guided core needle biopsy? Eur J Surg Oncol. 2016;42(7):1049-56.

35. Molnar R, Emery G, Choong PE. Anaesthesia for hemipelvectomy--a series of 49 cases.
Anaesth Intensive Care. 2007;35(4):536-43.

36. Grap SM, Fox E, Freeman M, Blackall GF, Dalal PG. Acute postoperative pain manage-
ment after major limb amputation in a pediatric patient: a case report. J Perianesth Nurs.
2019;34(4):801-9.

37. Couto AG, Araujo B, Torres de Vasconcelos RA, Renni MJ, Da Fonseca CO, Cavalcanti
IL. Survival rate and perioperative data of patients who have undergone hemipelvectomy: a
retrospective case series. World J Surg Oncol. 2016;14(1):255.

38. Malawer MM, Buch R, Khurana JS, Garvey T, Rice L. Postoperative infusional continuous
regional analgesia. A technique for relief of postoperative pain following major extremity sur-
gery. Clin Orthop Relat Res. 1991;266:227-37.

39. Chretien PA, Sugarbaker PH. Surgical technique of hemipelvectomy in the lateral position.
Surgery. 1981;90(5):900-9.

40. Shao QD, Yan X, Sun JY, Xu TM. Internal hemipelvectomy with reconstruction for primary
pelvic neoplasm: a systematic review. ANZ J Surg. 2015;85(7-8):553-60.

41. Kollender Y, Shabat S, Bickels J, Flusser G, Isakov J, Neuman Y, et al. Internal hemipelvec-
tomy for bone sarcomas in children and young adults: surgical considerations. Eur J Surg
Oncol. 2000;26(4):398-404.

42. Jin T, Liu W, Xu H, Li Y, Hao L, Niu X. How does iliosacral bone tumor resection without
reconstruction affect the ipsilateral hip joint? BMC Musculoskelet Disord. 2018;19(1):102.

43. Houdek MT, Rose PS, Bakri K, Wagner ER, Yaszemski MJ, Sim FH, et al. Outcomes and
complications of reconstruction with use of free vascularized fibular graft for spinal and pelvic
defects following resection of a malignant tumor. J Bone Joint Surg Am. 2017;99(13):e69.

44. Pieroh P, Spindler N, Langer S, Josten C, Bohme J. A double-barrelled fibula graft restoring
pelvic stability after late posterior ring instability related to a surgical treated osteitis pubis: a
case report. Arch Orthop Trauma Surg. 2016;136(1):47-53.

45. Ogura K, Sakuraba M, Miyamoto S, Fujiwara T, Chuman H, Kawai A. Pelvic ring reconstruc-
tion with a double-barreled free vascularized fibula graft after resection of malignant pelvic
bone tumor. Arch Orthop Trauma Surg. 2015;135(5):619-25.

46. Akiyama T, Clark JC, Miki Y, Choong PF. The non-vascularised fibular graft: a simple and
successful method of reconstruction of the pelvic ring after internal hemipelvectomy. J Bone
Joint Surg Br. 2010;92(7):999-1005.

47. Sakuraba M, Kimata Y, lida H, Beppu Y, Chuman H, Kawai A. Pelvic ring reconstruction with
the double-barreled vascularized fibular free flap. Plast Reconstr Surg. 2005;116(5):1340-5.



Surgical Management of Pelvic Sarcomas 279

48

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

. Campanacci D, Chacon S, Mondanelli N, Beltrami G, Scoccianti G, Caff G, et al.

Pelvic massive allograft reconstruction after bone tumour resection. Int Orthop.
2012;36(12):2529-36.

Langlais F, Lambotte JC, Thomazeau H. Long-term results of hemipelvis reconstruction with
allografts. Clin Orthop Relat Res. 2001;388:178-86.

Wei R, Guo W, Yang R, Tang X, Yang Y, Ji T, et al. Reconstruction of the pelvic ring after total
en bloc sacrectomy using a 3D-printed sacral endoprosthesis with re-establishment of spino-
pelvic stability: a retrospective comparative study. Bone Joint J. 2019;101-B(7):880-8.
Smolle MA, Andreou D, Tunn PU, Leithner A. Advances in tumour endoprostheses: a system-
atic review. EFORT Open Rev. 2019;4(7):445-59.

Gomez-Palomo JM, Estades-Rubio FJ, Meschian-Coretti S, Montanez-Heredia E, De
Santos-de la Fuente FJ. Internal Hemipelvectomy and reconstruction assisted by 3D printing
technology using premade intraoperative cutting and placement guides in a patient with pelvic
sarcoma: a case report. JBJS Case Connect. 2019;9(4):e0060.

Fang C, Cai H, Kuong E, Chui E, SiuYC, Ji T, et al. Surgical applications of three-dimensional
printing in the pelvis and acetabulum: from models and tools to implants. Unfallchirurg.
2019;122(4):278-85.

Angelini A, Trovarelli G, Berizzi A, Pala E, Breda A, Ruggieri P. Three-dimension-printed
custom-made prosthetic reconstructions: from revision surgery to oncologic reconstructions.
Int Orthop. 2019;43(1):123-32.

Choong PF. Reconstructive surgery following resection of primary and secondary tumours of
the hip. J Orthop Surg. 2000;8(2):83-94.

Capanna R, van Horn JR, Guernelli N, Briccoli A, Ruggieri P, Biagini R, et al. Complications
of pelvic resections. Arch Orthop Trauma Surg. 1987;106(2):71-7.

Reddy S, Bloom N. En bloc resection of extra-peritoneal soft tissue neoplasms incor-
porating a type III internal hemipelvectomy: a novel approach. World J Surg Oncol.
2012;10:222.

Reynolds JJ, Khundkar R, Boriani S, Williams R, Rhines LD, Kawahara N, et al. Soft Tissue
and Bone Defect Management in Total Sacrectomy for Primary Sacral Tumors: A Systematic
Review With Expert Recommendations. Spine (Phila Pa 1976). 2016;41 Suppl 20:S199-S204.
Kayani B, Hanna SA, Sewell MD, Saifuddin A, Molloy S, Briggs TW. A review of the surgical
management of sacral chordoma. Eur J Surg Oncol. 2014;40(11):1412-20.

Bederman SS, Shah KN, Hassan JM, Hoang BH, Kiester PD, Bhatia NN. Surgical techniques
for spinopelvic reconstruction following total sacrectomy: a systematic review. Eur Spine
J. 2014;23(2):305-19.

Ji T, Guo W, Yang R, Tang X, Wang Y, Huang L. What are the conditional survival and func-
tional outcomes after surgical treatment of 115 patients with sacral Chordoma? Clin Orthop
Relat Res. 2017;475(3):620-30.

Clair B, Ordway NR, Damron T, Lavelle WE. Sacral insufficiency fracture after partial sacrec-
tomy. Am J Orthop (Belle Mead NJ). 2014;43(11):E272-4.

Imai R, Kamada T, Araki N. Working Group for B, soft tissue S. carbon ion radiation therapy
for Unresectable sacral Chordoma: an analysis of 188 cases. Int J Radiat Oncol Biol Phys.
2016;95(1):322-7.

Nishida Y, Kamada T, Imai R, Tsukushi S, Yamada Y, Sugiura H, et al. Clinical outcome of
sacral chordoma with carbon ion radiotherapy compared with surgery. Int J Radiat Oncol Biol
Phys. 2011;79(1):110-6.

Imai R, Kamada T, Tsuji H, Sugawara S, Serizawa I, Tsujii H, et al. Effect of carbon ion radio-
therapy for sacral chordoma: results of phase I-II and phase II clinical trials. Int J Radiat Oncol
Biol Phys. 2010;77(5):1470-6.

Kulaylat MN, Froix A, Karakousis CP. Blood supply of hemipelvectomy flaps: the anterior
flap hemipelvectomy. Arch Surg. 2001;136(7):828-31.

Roulet S, Le Nail LR, Vaz G, Babinet A, Dumaine V, Sallot A, et al. Free fillet lower leg
flap for coverage after hemipelvectomy or hip disarticulation. Orthop Traumatol Surg Res.
2019;105(1):47-54.



Check for
updates

Surgical Management of Chest Wall 1 7
Sarcomas

Naveed Z. Alam

The chest wall is composed of the bony skeleton of the thorax along with associated
cartilaginous elements. The functions of the chest wall are broadly to protect the
underlying vital structures and to provide a scaffold for the muscles of the thorax
which are ultimately responsible for adequate ventilation.

17.1 Historical Note

The first reported resection of a chest wall tumour was in 1778 by Osias Aimar. He
removed an osteosarcoma involving the fifth, sixth, and seventh ribs but took care not to
enter the pleura. It was only after the advent of positive pressure ventilation with endo-
tracheal tube intubation that surgeons were able to breach the pleural space without fear
of losing their patient to the immediately resultant ipsilateral pneumothorax. Reports of
resections became more frequent after Parham published his experience in 1899 [1].

The principles of chest wall reconstruction evolved in the theatre of war as sur-
geons gained experience in the management of chest trauma and stabilisation of flail
segments. Much of the early work in reconstruction was performed at the Mayo
Clinic by Clagett [2].

17.2 Primary Chest Wall Malignancies

Primary tumours of the chest wall are rare, and as such, much of the historical man-
agement was based on anecdotal evidence and the few case series that were reported.
More recently, extrapolation from management of sarcomas at other sites has influ-
enced and informed current strategies and guidelines.
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Table 17.1 Primary chest Histotype
wall malignancies Chondrosarcoma
Osteosarcoma

Ewing’s sarcoma (including Askin’s)
Myeloma (including solitary plasmacytoma)
Lymphoma

Malignant fibrous histiocytoma

Leiomyosarcoma
Liposarcoma
Neurofibrosarcoma

Rhabdomyosarcoma

Haemangiosarcoma

Chest wall tumours span the breadth of the spectrum from benign lesions to
exceedingly aggressive malignancies. They also encompass a wide variety of histo-
logically distinct entities. The focus of this discussion will be on primary sarcomas
of the chest wall (Table 17.1).

17.3 Clinical Presentation

About 60 percent of chest wall tumours are malignant, though primary chest wall
malignancies represent less than 2% of thoracic neoplasms. The mean age of pre-
sentation for patients with a primary malignant tumour of the chest wall is 40 with
a male-to-female ratio of 2:1 [3]. They present as slow-growing masses that are
initially painless but do begin to cause pain with continued growth. Associated
symptoms including weight loss, fever, and shortness of breath are not common.

17.3.1 Diagnosis

Palpable masses should be measured and classified as fixed or mobile and soft or
hard. In addition to history and physical examination, imaging is critical. Old imag-
ing, if available, can help to establish the pace of growth of a lesion. In the first
instance, a CT scan should be performed to assess the extent of involvement of the
various structures including the pleura, the mediastinum, and any potential pulmo-
nary involvement. MRI is useful in precisely defining tissue planes and may some-
times give better spatial resolution than CT.

PET has been shown to be valuable in many malignancies. In sarcoma, it has
been shown to be more accurate than CT alone in staging. It is also helpful in assess-
ing early responses to therapy and in restaging after completion of neoadjuvant
therapy [4]. PET is also superior to CT alone in assessing lymph node involvement.

In most situations, a percutaneous biopsy should be performed, particularly if
malignancy is suspected. A potential exception is for small tumours (< 2 cm) which
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can be treated with excisional biopsies provided they are performed with clear mar-
gins. The location of any biopsy should be planned to enable excision of the biopsy
tract at the time of the planned resection of the mass.

17.3.2 Treatment

The mainstay of treatment for sarcomas of the chest wall is surgical resection.
Surgery alone, however, has mixed results. The overall 5-year survival is approxi-
mately 65%. High-grade tumours fare worse than low-grade ones with 5-year sur-
vivals of 50% vs 90%, respectively. Metastases develop in 50% of patients with
high-grade tumours and only 10% of low-grade ones [5]. In addition to the grade of
the tumour, the most important prognostic factor seems to be adequacy of resection,
but it is unclear what that means precisely.

The original recommendation for 4-cm resection margins was based on a series
of 90 patients which suggested that those with margins of less than 2 cm had worse
5-year disease-free survival than those with margins greater than 4 cm [6]. Current
guidelines call for oncologically appropriate margins [7]. This somewhat ambigu-
ous term takes into consideration that margins often have to be determined by the
proximity to vital major structures (nerves, vessels) such that a clear margin with
minimal functional impairment may result in a superior outcome for the patient. In
general, a 1-cm margin in soft tissue is thought to be adequate.

Specific subtypes of tumours should be treated differently, and this under-
scores the vital role that multidisciplinary care provides in this complex onco-
logical setting. A recent randomised trial demonstrated that neoadjuvant
epirubicin and ifosfamide improved survival of patients affected by five high-risk
soft tissue sarcoma histologies of the trunk and extremities, including undiffer-
entiated pleomorphic sarcoma, myxoid liposarcoma, synovial sarcoma, malig-
nant peripheral nerve sheath tumours, and leiomyosarcoma [8]. The use of
neoadjuvant radiotherapy also has merit in certain tumour types with concerning
features, particularly if the potential for tumour shrinkage can decrease the mor-
bidity of the planned resection.

Certain tumour types are not amenable to surgery as the primary treatment
modality. Ewing’s sarcomas present in younger patients and are treated with sys-
temic therapy as the primary treatment with localised therapy (usually surgery but
occasionally radiation) used as the adjuvant therapy.

17.3.3 Preoperative Evaluation

Chest wall resections are major surgical procedures, and patients need to have their
underlying cardiopulmonary reserve assessed to enable appropriate risk stratifica-
tion. Often fitness for one lung ventilation is required. Underlying chest wall
mechanics are disrupted, at least in the near term, which can result in significant
perioperative morbidity, particularly with regard to splinting and retention of
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pulmonary secretions. A well-thought-out analgesic plan for the perioperative and
postoperative period is critical. The use of epidurals, fascial blocks, and paraverte-
bral or extrapleural catheters should be considered.

17.4 Principles of Surgery
17.4.1 Resection

Apart from the grade of the tumour, clear and adequate resection margins are the
most important prognostic factor in sarcoma surgery. As discussed above, the early
recommendations in chest wall sarcomas were for 4-cm margins, but the current
guidelines emphasise oncologically appropriate margins. Early recommendations
also suggested that normal ribs above and below should be resected, but those rec-
ommendations need to be placed in the larger context of the specific patient’s situa-
tion. For example, having a 4 cm and an uninvolved rib of clear caudal margin to the
tumour at the expense of function may not be that significant if there is only scope
to have 0.5 cm of clear margin cephalad to the tumour. It must be noted that the
extent of the resection should not be limited by the size of the resulting defect, as
most defects can be reconstructed. If the treating clinicians are uncertain of their
ability to repair resulting defects, patients should be referred to specialist centres
with extensive chest wall reconstructive experience.

The skin incision (if the underlying soft tissue is not involved) should be made in
an elliptical fashion encompassing the biopsy tract. If the skin or deeper tissues are
involved, then adequate margins need to be taken with planned soft tissue flap cov-
erage if primary repair is not possible. Muscles overlying the tumour should be
excised en bloc with the mass up to a depth where there is a plane without tumour
involvement.

Our practice is to resect the intercostal muscle below the lowest involved rib. If
the intercostal muscle is involved, then part of the rib below (or above) should be
removed with a margin of at least 1 cm radial to the tumour. If the tumours are high
grade, then wider excision of the ribs laterally is preferred because of the risk of
subperiosteal or intramedullary spread.

If underlying viscera is involved, this should similarly be resected as required.
Lung parenchyma should be wedged en bloc with the chest wall segment, if involve-
ment is suspected, along with a generous cuff of the parietal pleura. If the posterior
table of the sternum or manubrium are breached, consideration should be given to
thymectomy along with removal of the anterior mediastinal and/or pericardial fat.
In these instances, care must be taken to avoid injuring the phrenic nerves.

If major vessels have partial thickness involvement or close margins, partial
thickness resections with side-biting clamps and primary repair can be performed.
If the lumen of the vessel (e.g. SVC) is too narrowed for primary repair, then patch
repairs with native or bovine pericardium can be used. In rare cases, Dacron or
PTFE grafts can be interpositioned for larger vascular defects.
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17.4.2 Reconstruction

The goals of chest wall reconstruction are shown in Table 17.2. Not all chest wall
defects need reconstruction. The size and location of the defect will dictate whether
a reconstruction needs to be performed and with which materials. Some authors
suggest that defects smaller than 5 cm in the chest wall can be managed with only
soft tissue coverage. Certainly, in the posterior chest wall, under the scapulae, larger
defects are acceptable. However, in our experience, in the anterior and lateral chest
wall, any defect larger than 4 cm, or involving resection of two or more ribs, is often
served well with at least a mesh repair to prevent lung herniation and maintain chest
wall dynamic integrity.

17.4.3 Choice of Material

A large number of options are available for reconstruction of the chest wall. They
vary in terms of their inherent material components, rigidity, resistance to infection,
and ability to be customised for specific applications. A non-exhaustive list is pro-
vided in Table 17.3. Decisions regarding the use of rigid or semirigid reconstructive
materials are often dictated by both patient-specific characteristics and surgeon or
institutional preference.

Table 17.2 Goals of chest Goals
wall reconstruction

Protection of underlying viscera (heart, great vessels)
Restoration of rigidity to facilitate ventilation
Support for arm and shoulder movement

Prevention of lung herniation
Prevention of trapping of the scapula
Good cosmetic result

Table 17.3 Choice of materials for reconstruction of rib cage

Reconstruction Material Rigidity
Autografts Rib Rigid
Myocutaneous flaps Nonrigid
Synthetic mesh Polypropylene Semirigid
PTFE Semirigid
Nylon Semirigid
Polyglactin Semirigid
Methyl methacrylate (MMA) Rigid
Bioprosthetics Bovine pericardium Nonrigid
Porcine dermis Nonrigid
Osteosynthesis systems Stratos (titanium) Rigid
MatrixRIB (titanium) Rigid
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Table 17.4 Selected series of prosthetic chest wall reconstructions adopted from [9]

Series No. of Complications | Prosthesis Mortality

Author recons | Material used (%) removal (%) (%)

Deschamps 197 Mesh alone 46.2 2.5 4.1

[10]

Lardinois [11] 26 MMA 23 7.7 0

Walsh [12] 33 Mesh alone and |24 6.1 0
MMA

Mansour [13] 93 Various 24 n/a 7

Weyant [14] 209 Mesh alone and | 33 4.3 3.8
MMA

Daigeler [15] 62 Mesh alone 42 6.5 54

Kachroo [16] 42 Mesh alone and | 16 4.8 0
MMA

Results of chest wall resections show substantial postoperative complications. A
list of published case series is shown in Table 17.4.

17.4.4 Tips/Tricks

Reconstruction in certain anatomic areas can be challenging. However, potential
pitfalls can be avoided with experience and planning.

For the largest potential resections, particularly if there is potential for full-
thickness resections, multidisciplinary input should be sought. Plastic surgeons
should be involved early in the preoperative planning process so that they can assess
what myocutaneous options they have for repairing the soft tissue defects. Their
choices will gravitate to the natural workhorses of chest wall reconstruction, latis-
simus dorsi, and pectoralis major, if these pedicles are available and viable. In their
absence, other options are available, including rectus abdominis and free tissue
transfer.

Small defects (two ribs) can be repaired with a simple mesh closure between the
ribs. This prevents lung herniation and can be sutured in place tightly enough to
contribute to chest wall rigidity.

In the posterior chest wall, larger defects (up to 8 cm) under the scapulae can be
left without repair; however, if the defect involves the fifth or sixth ribs, then at a
minimum, a semirigid repair with a synthetic mesh will remove the chance of the tip
of the scapula being trapped at the site of the defect.

In the upper anterior and lateral chest wall, large defects can be repaired effec-
tively with an MMA sandwich. A piece of synthetic mesh is chosen that is larger
than the defect which is then placed within the defect. The contour of the opening is
then marked with a pen. MMA 1is then mixed on the back table and painted on to the
mesh, with a second layer of mesh added above the MMA to form a sandwich. The
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MMA can be painted as a single block or in bands as neo-ribs. It is important to
leave at least a centimetre cuff from the edge of the MMA to the edge of the native
chest wall so that there is no friction between these rigid elements which could
result in pain or a clicking sensation postoperatively. The MMA sandwich can be
contoured on the patient’s hip or ASIS or on a kidney basin to approximate the con-
tour of the chest wall. Once it becomes rigid, it is sewn into the chest with inter-
rupted permanent sutures that are placed around the adjacent ribs and deeply into
the surrounding tissues (see Fig. 17.1).

Osteosynthetic systems can also be used, often in conjunction with synthetic
mesh. The two most common systems use titanium and are the MatrixRIB and
the Stratos system. The potential advantage of titanium over other rigid prosthe-
ses, such as stainless steel or ceramics, is its greater tensile strength and resis-
tance to infection. The disadvantages are related to cost and perhaps some
limitations in the ability to customise for certain applications. There have also
been reports of high proportions of late failure of the prostheses mandating
removal [17].

When the lower ribs are resected, particularly in the anterior chest wall, part of
the diaphragm is often sacrificed. Standard principles of diaphragmatic resection
are applicable, with circumferential rather than radial resections preferred to pre-
serve the phrenic innervation. If the abdomen is entered, primary repair of the
peritoneum is performed. If the costal margin is sacrificed, then an abdominal
augmentation procedure can be employed. This involves closing the diaphragm
either primarily or with a PTFE patch and then attaching it to the lowest
remaining rib.

A similar technique can be used in the posterior and lateral chest if the floating
ribs (11 and 12) are resected. This can aid in preventing incisional hernias.

For tumours involving the sternum, reconstruction needs to be tailored to the
extent of the resection. If only part of the sternum is resected and the heads of the
clavicles and superior manubrium remain intact, then an MMA sandwich as
described above is effective in protecting the viscera and preserving chest wall
rigidity. If the heads of the clavicles are resected along with the manubrium, then
restoration of the integrity of the clavicular axis is mandated to maintain optimal
shoulder and arm function. This can be accomplished by plates or titanium pros-
theses. Our preferred reconstruction, however, involves harvesting a length of rib,
long enough to bridge the gap between the resected ends of the clavicle, and
attaching the ends with steel cables that are clamped flush. This cabling system is
used primary in sternotomy closures following cardiac surgery. An MMA sand-
wich is then used to close the defect between the neo-clavicle and the body of the
sternum (see Fig. 17.2).

17.4.5 As in all thoracic surgery, controlling the pleural space(s) is mandatory
in the perioperative period. Chest drains need to be placed, and discussion with
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Fig. 17.1 (a) MRI of lateral chest wall fibromyxoid sarcoma. (b) Biopsy site marked with X. (c)
En bloc resection of two ribs, intercostal muscles above and below, and peripheral diaphragm. (d)
Specimen with cuff of the diaphragm. (e) Reconstruction with MMA sandwich. The diaphragm
was primarily repaired and sutured to lower ribs
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Fig. 17.2 (a) Manubrial-based osteosarcoma involving clavicular heads. (b) Specimen resected.
Arrow points to cut edge of the right clavicle. (¢) Right fourth rib harvested through the same inci-
sion and secured to clavicular heads with steel cables. (d) Resected manubrium and clavicu-
lar heads

the plastic surgeons beforehand may be helpful so as to avoid injuring any
tissue that may be required in the soft tissue reconstructive phase.

17.5 Future Directions

While there will no doubt be new medicines in the treatment of chest wall sarcomas,
potentially with new immunotherapy agents, and new radiotherapy techniques to
help with close margins or tumour shrinkage, the mainstay of sarcoma therapy will
likely be surgery for the foreseeable future.

Resection techniques will likely not change dramatically, though the use of real-
time imaging may play some role. The main gains in the future will likely be in the
reconstruction of defects in the chest wall. The most predictable of these develop-
ments is the use of three-dimensional printing to fashion customised prostheses. In
fact, it is somewhat disingenuous to call this a future direction. A number of reports
of 3D printed prostheses with various materials have already been implanted in
patients [18-20].
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The main problems with this method currently are the costs and the time required
to produce the prostheses. These hurdles will surely be overcome. Even more inter-
esting will be the development of prostheses that are composed of variable materials
such as resins, polymers, metals, and degradable biomaterials that can be made
quickly and accurately [21]. Furthermore, there may be development of 3D printed
bioscaffolds that afford the patient’s own cells the opportunity to colonise and pro-
liferate [22].

Animal models already exist for absorbable meshes, demineralised bone matrix,
and bone marrow stromal cells [23]. And perhaps the ultimate goal will be the bio-
engineering of vascularised osseomyocutaneous chest wall grafts grown from the
patient’s own stem cells [24].

17.6 Summary

Chest wall sarcomas are a rare but often surgically curable disease. A multidisci-
plinary approach is critical at several points in the care pathway. Pre-therapeutic
planning with medical and radiation oncologists will aid in the selection of appro-
priate neoadjuvant treatment strategies. Preoperative consultation with resection
and reconstruction in mind may often require different surgical craft groups as well,
as well as the input of anaesthesiology. Clear surgical margins are of paramount
importance, and the degree of resection should not be compromised for fear of the
reconstruction. Centres with significant experience can manage very complex
reconstructions with minimal morbidity.
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Metastases from Sarcoma

Gavin Wright

18.1 Introduction

Sarcomas, despite being a disparate group of malignant diseases, share a common
propensity to metastasise to the lungs, regardless of origin of the primary. This risk
correlates with location, size, grade and histological subtype [1]. Often this is the
only clinical evidence of disease in patients after appropriate complete resection of
their primary sarcoma. They may appear at the time of local recurrence in an incom-
pletely resected or inappropriately treated primary sarcoma.

Approximately 20% of patients with resected sarcoma will develop isolated pul-
monary metastatic disease at some point in the course of their disease [2]. There
appear to be particular subtypes of sarcoma with higher pulmonary metastatic rates,
such as tenosynovial sarcoma, spindle cell sarcoma from extremities and extra-
skeletal osteosarcoma [3, 4]. As a more general rule, high-grade sarcomas make up
90% of pulmonary metastatic disease and low-grade sarcomas only 10%. The
observation that pulmonary metastatic disease is common, and often isolated, is a
strong impetus to target that disease aggressively.

Since the introduction of safe methods of anaesthesia and resection of pulmo-
nary tissue, pulmonary metastasectomy for colorectal and other malignancies,
including sarcoma, have become an increasingly popular therapy. The hope is that
the burden of disease will be reduced, time to further progression will be prolonged
and direct invasive complications and further “tertiary” spread will be prevented.
Systemic agents may be considered relatively ineffective or held in reserve, whilst
surgical control is possible, and finally, some patients may be considered cured of
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Table 18.1 Criteria for prognostication of metastasectomy from the International Registry of
Lung Metastases [5]

Prognostic factor

DFI* > 3 years | Solitary | Complete resection | Prognostic group | Median survival (months)
TRUE TRUE | TRUE 1 61

TRUE FALSE | TRUE 2 34

FALSE TRUE |TRUE

FALSE FALSE | TRUE 3 24

ANY ANY FALSE 4 14

*DFI Disease free interval between primary resection and metastasectomy
Prognosis worsens significantly with increasing group number

their metastatic disease in that they die of unrelated causes or achieve incredibly
long disease-free intervals.

The complex interplay between patient selection and class effect of an interven-
tion is rarely as evident as in the mainstream practice of pulmonary metastasectomy.
Using the much cited but somewhat anachronistic criteria from the International
Registry of Lung Metastases [5] (Table 18.1), a surgeon could choose only to oper-
ate on patients with a solitary lung metastasis from a primary malignancy that was
resected more than 3 years ago. With modern peri-operative care, minimally inva-
sive techniques and optimal lung parenchymal preservation, that surgeon would be
expected to have exceptional results in terms of low mortality, good early return to
normal activity and prolonged disease-free and overall survival. However, if there
are therapeutic benefits of metastasectomy beyond the selection of “winners”, that
same surgeon is doing a disservice to the patients who present with two metastases,
or present with their solitary metastasis just 2.5 years after original diagnosis.
Conversely a surgeon who attempts to resect all lung metastases in all patients with-
out discrimination may impose greater harms than any expected benefits on that
patient population. This raises the question of whether there is a state of oligometa-
static disease for which intervention is beneficial that can be distinguished from a
more generalised state of systemic disease for which surgical intervention is futile
and harmful.

18.2 The Oligometastatic Disease Concept

The concept of oligometastatic disease is that between the states of loco-regional
malignancy and widespread metastatic malignancy, there exists a state of limited
systemic metastatic disease for which local ablative therapy could be curative [6].
The definition of oligometastatic disease is elusive. It is easy to identify the
extremes — solitary, single organ involvement is definitely an indication; widespread
innumerable lesions are definitely not. But what of six metastases in one organ?
What of a single metastasis in each of two disparate organs? Where is the blurred
line between the two putative metastatic states? Is it probabilistic or stochastic
events that result in failure of disease control? Does removing four metastases
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necessarily bring poorer results than removing three? What about the inherent biol-
ogy of the particular patient’s malignancy and their individual host response?

The above conundrums drive clinicians to define their own therapeutic guide-
lines, arbitrary as they must be, without high-quality evidence. Being the largest and
most promulgated series, the International Registry of Lung Metastases (IRLM)
provides the basis for most clinical guidelines. These are particularly relevant for
sarcoma as 2173 of the 5206 cases reported were for sarcoma. However, IRLM pre-
dated the introduction of FDG-PET scanning and wide-scale use of minimally
invasive and complex sublobar resection techniques. There have also been advances
in therapeutic agents for some sub-groups of sarcoma in the decades since the IRLM
was published.

The other problem with definition of an oligometastatic disease state in sarcoma
is the extreme heterogeneity of disease under the sarcoma umbrella. Well-
differentiated soft tissue sarcoma, osteosarcoma and Ewing’s tumours are not all
likely to respond to the same surgery as a class effect. An elderly patient with sig-
nificant comorbidity clearly has much less to gain (and greater potential for harm)
than a fit 40-year-old. Therefore, some groupings must be looked at individually
within any guidelines.

Historical experience of the natural history of these diseases and their response to
pulmonary metastasectomy are the only evidence we have. For example, a 15-year
experience of soft tissue sarcoma at Memorial Sloan Kettering Cancer Center at the
turn of the century yielded 719 cases of pulmonary metastatic disease from over 3000
cases [7]. As there was a consistent therapeutic protocol to resect this disease from the
lungs, we can get some insight into the expected outcomes. The entire metastatic
group 3-year survival rate was 25%, with a median survival of 15 months, from time
of detection of pulmonary metastases. At one extreme, those with completely resected
disease had a 3-year survival rate of 46%, with a median survival of 33 months, but
those with no resection had a median survival of only 11 months.

There is a point when treating teams decide there is too much disease to justify
intervention, even in such a centre. This defines their local institutional definition of
oligometastatic disease, but is also a self-fulfilling prognosticator. The ideal use of
pulmonary metastasectomy would result in improved survival of the entire popula-
tion by not imposing harms on futile cases, but reaping the benefits of intervention
in all other cases. The authors were able to define groups for which pulmonary
metastasectomy yielded disappointing results, namely, liposarcoma, peripheral
nerve sheath tumour and patients over 50.

Given the ubiquitous finding of complete resection as the most important factor
for prolonged survival, the concept of oligometastatic disease is not just defined by
a number or a size of a lesion. Special patterns of disease are either particularly
amenable to resection or particularly adverse. Some patterns correlate with aggres-
sive or indolent tumour biology. The following have been gleaned from the author’s
direct and secondary experience over the last two decades:

e The “contaminated” lobe.
 Bilateral mirror image involvement.
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¢ Direct invasion of adjacent structures.

e The “kissing metastasis” vs pleural spread.
e Endobronchial disease.

e “The Sky by Night” appearance.

The contaminated lobe is the finding of multiple metastases in the distribution of
a single pulmonary artery branch. This may manifest itself in the basal segments of
a lower lobe, or the lingula, for example. These are relatively easy to take anatomi-
cally and eradicate the known disease in that lobe or segment, but also include any
disease below the sensitivity of imaging detection. Thus, numerically unfavourable
disease may in fact be successfully controlled with minimal loss of lung.

Bilateral disease as a prognosticator has conflicting evidence. The plethora of
small case series from single institutions makes it difficult to distinguish the numer-
ical from the bilaterality prognosticator, given that by definition, there must be two
or more lesions. In the larger series, it appears that there is no difference between 2
and 3 metastases in a single lung or divided between two lungs [5, 8—10]. Mirror
image metastases, especially affecting the upper or lower lobes, may in fact be prog-
nostically better than a metastasis in each lobe of one lung.

A solitary metastasis that directly invades an adjacent structure, such as aorta, azy-
gos, vertebra, oesophagus, diaphragm or rib is another special case that warrants
aggressive intervention. Prolonged disease-free survival is seen with en bloc resection
of aortic wall, diaphragm and ribs and is far more favourable than droplet or kissing
metastasis of the pleural cavity. For involvement of head or neck of ribs, dislocation
of the rib from its transverse process or even limited resection of adjacent vertebral
body can achieve local control. More extensive involvement of the vertebral body is
difficult to justify resection in the metastatic setting. Multi-level posterior rod stabili-
sation and anterior expandable cage insertion is usually a major 12-hour undertaking
with the risks of paraplegia, chronic implant infection and chronic pain.

The “kissing metastasis” is an entity seen where a subpleural metastasis invades
through the surface of the visceral pleura of the lung and rubs against either dia-
phragmatic, mediastinal or parietal pleura. The mechanism for this, as opposed to
widespread droplet metastases, or trans-coelomic spread is unclear. However, it
appears to confer much better prognosis than multiple or remote pleural metastases
and is worth resecting radically en passant. It is usually not detectable preopera-
tively in any case, as the kissing metastasis appears fused with the lung metastasis
of origin.

Endobronchial disease is a feature of some metastatic sarcoma, particularly epi-
thelioid sarcoma. The latter may even mimic the behaviour of a non-small cell lung
cancer, with spread to draining lymph nodes. Lung-sparing resectional surgery can
be undertaken where appropriate, such as sleeve lobectomy or segmentectomy, as
long as good surgical margins are achievable. Failing this, endobronchial therapies
such as laser, stenting and brachytherapy can result in good palliation and prolonga-
tion of survival.



18 Surgical Management of Pulmonary Metastases from Sarcoma 297

The CT appearance of “The Sky at Night” is a clearly unfavourable phenotype.
Multiple small lesions, randomly distributed throughout the lungs, are not only
suggestive of biologically aggressive disease that can thrive in different micro-
environments; it is technically near-impossible to embark on a radical metastasec-
tomy whilst preserving adequate lung function for quality survival. Conversely,
scattered, but peripherally based metastases can be completely resected bilaterally
(“pruning” of the lung), with the prospect of prolonged disease-free survival.
Thus, the surgeon must consider the pattern of disease as much as the number and
location of metastases.

18.3 Assessment for Surgery

The typical patient presenting with metastatic sarcoma is significantly different
to the far more common patient requiring resection of non-small cell lung can-
cer. Not only is the median age much younger (55 years cf. 69 years; author’s
data), but they have much lower rates and dosage of tobacco exposure, therefore
relatively free of chronic obstructive pulmonary and atherosclerotic vascular
disease.

Spirometry and carbon monoxide diffusing capacity are commonly tested prior
to lung resection, but, in the asymptomatic non-smoker under 60 years having pul-
monary metastasectomy, is a cost without benefit. Patients requiring more than
lobectomy and repeat surgery and higher-risk patients should have appropriate
physiological testing such as echocardiography, cardio-pulmonary exercise testing
or angiography if indicated by symptoms, known comorbidity or cardiovascular
risk factors. Death is a very rare occurrence for metastasectomy in specialist cen-
tres, but care must be taken not to inflict significant respiratory disability in a previ-
ously well-functioning individual.

The main aim of assessment is related to tumour factors. Despite upstaging rates
of less than 5% [11], fluorodeoxyglucose (**FDG)-positron emission tomography
(PET) scan has long been a standard of care prior to consideration of metastasec-
tomy. This is particularly important to rule out local relapse at the primary site. Such
disease should be completely resected with curative intent prior to pulmonary
metastasectomy. PET scans can also identify unusual sites of extra-pulmonary
metastases, such as mediastinal fat, mesentery, tongue, and peripheral muscle, that
may be missed with a conventional CT scan. In general, these would rule out pul-
monary metastasectomy.

PET scans have poor positive predictive value for extra-thoracic disease in
tumours that do not avidly uptake '®FDG. Therefore, magnetic resonance imaging
of the primary tumour site may be required to rule out concomitant local relapse.
SPECT bone scans should be used if there are any undiagnosed skeletal symptoms
in such patients. These are also useful in patients with myxoid or round cell liposar-
comas as they have an additional predilection for bony metastases [12].
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18.4 Surgical Oncology Principles

Thoracic surgeons dealing with pulmonary metastases have to negotiate the conflict
between preservation of maximal lung parenchyma and fulfilling the requirement
for good radial margins around a sarcoma. Whilst the wide margins mandated for
primary resection are not required in the lung, any close or involved margin will
likely result in local recurrence and predicts for poor survival as an independent risk
factor [5].

Metastases to the lung are blood-borne and therefore can be subject to the fluid
mechanics of the pulmonary vasculature as well as their tropism for the lung micro-
environment. Therefore, for small multiple lesions within a single vessel delta, it
may make oncological sense to perform an anatomical segmental, multi-segmental
or lobar resection, rather than attempting a non-anatomic wedge resection. This
would ensure that any undetected disease in that distribution would be removed
along with the macroscopic disease.

For lung cancer, the accepted rule of wedge resection is to achieve a radial
margin of at least the diameter of the tumour. For sarcoma metastases, this is not
so vital, as they grow radially from a pulmonary vessel base, whereas lung cancer
is a bronchiolo-alveolar and bronchial-based disease, which can more widely
spread microscopically, either directly (lepidic growth) or as spread through
alveolar spaces. Therefore, a margin of 5 mm after removal of the conventional
triple row of staples (equating to at least 10 mm in total) is the minimum ade-
quate margin for an intra-parenchymal metastasis. Visceral pleural margins are
often measured in fractions of a millimetre for subpleural deposits, but as the
next structure is the pleural cavity, it is either completely resected, or there will
be pleural contamination no matter what the surgeon does. Therefore, there is no
advantage in taking additional parietal pleura unless there is direct invasion or a
kissing metastasis.

Lung-sparing techniques allow for good margins whilst achieving the thoracic
surgeon’s other aim of preservation of lung function. These include bronchoplas-
tic or sleeve resections at the lobar, segmental or, rarely, the carinal level. The
specifics of sleeve resection will be discussed in the conduct of surgery section.
Anatomic sublobar resections can allow resection of larger deep lesions, or geo-
graphic resections of impalpable deep lesions whilst sparing substantial portions
of the involved lobe. A description of anatomically straightforward sublobar
resections will be presented in the conduct of surgery section and listed in
Table 18.2.

Navigational bronchoscopy can be used to mark small or impalpable lesions with
either methylene blue for direct visualisation, indocyanine green (ICG) for near-
infrared imaging or radio-opaque material for cone beam CT localisation in hybrid
operating theatres. These techniques extend the reach of minimally invasive tech-
niques, where palpation of small lesions can be difficult or, in the case of robotic
surgery, impossible.
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Table 18.2 A list of standard anatomical segmental resections for resection of deep, impalpable
or multiple lesions in a single geographic region of lung

Segmental
Resection name Segments removed? loss
Apico-anterior LUL or RUL anterior and apical segments (S1 |2
Bisegmentectomy & S3)
Lingulectomy Lingula (S4-S5) 2
Superior Trisegmentectomy LUL superior division (S1-S3) 3
Superior Segmentectomy LLL or RLL apical segment (S6) 1
Apex-sparing lower LLL or RLL basal segments (S7-S10) 4
lobectomy

aSegment nomenclature: Apical (1), Posterior (2), Anterior (3), RML or Lingula (4-5), Superior
(6), RLL Medial basal (7), Anterior basal (8), Lateral basal (9), Posterior basal (10)

From the notional 19 segments in normal lungs, an estimate can be made of post-operative
lung volume

LUL left upper lobe, RUL right upper lobe, LLL left lower lobe, RLL right lower lobe

18.5 Conduct of Surgery
18.5.1 Access

The “gold standard” access for lung resection has long been one or other variation
of the thoracotomy. These variations include the posterolateral thoracotomy, which
involves the division of latissimus dorsi and trapezius muscles. The rib below the
entry space (usually the sixth rib) is either divided posteriorly, shingled with 1 cm
excised posteriorly or simply allowed to fracture. The costo-vertebral ligament may
or may not be lysed to facilitate rib-spreading.

Muscle-sparing variations include those that enter the same space by mobilising
the trapezius and latissimus muscles and retracting them in the posterior ausculta-
tory triangle. An anterior muscle-sparing thoracotomy can be achieved by making
an incision from the inferior border of the scapula anteriorly. The latissimus, pecto-
ral and serratus anterior muscles are mobilised and split or retracted, and the fourth
or fifth interspace is entered. Whilst muscles are spared, all of these procedures
involve rib-spreading, the major cause of short- and long-term morbidity for simple
lung resections.

Bilateral lesions have traditionally been accessed by sternotomy, or, less com-
monly, clamshell incisions. Sternotomy is less painful than thoracotomy, but may
result in significant medium- to long-term morbidity from superficial or deep sternal
wound infection, sternal dehiscence or instability. This is a particular risk for
patients with diabetes, obesity or chronic obstructive pulmonary disease. It also has
the disadvantage of poor access to lower lobe, particularly left lower lobe, without
compromising cardiac function by pressure of the surgeon’s hands or retractors.
Clamshell incisions give superior access but are also quite morbid, with division of
the sternum and internal thoracic vessels transversely and the intercostal neuralgia
of bilateral thoracotomies at a single sitting.
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Fig. 18.1 Port placement
for a standard three-port
thoracoscopic (VATS)
technique
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Video-assisted thoracic surgery (VATS) or thoracoscopic surgery has consider-
ably minimised the morbidity of access to the lungs for metastasectomy. This is
especially the case for bilateral disease, which can be comfortably dealt with in
staged resections separated by as little as a week. There are now many variations of
VATS, including port number and placement, robotic-assisted techniques and uni-
portal techniques.

The standard VATS procedure for wedge resection is arguably the three-port
technique (Fig. 18.1). This allows multiple angles to visualise and manipulate the
lung, the ability to “bring the lung to the finger” for palpation of deeper nodules, and
multiple angles for best stapler application.

For simple subpleural nodules, or if an anatomic resection is mandated, a two-
port VATS is quite useful, with two angles for both visualisation and stapling.
Uniportal VATS techniques can be employed by enlarging the axillary utility inci-
sion and placing a wound protector sleeve. Palpation of the lung is more limited,
however.

Uniportal VATS also has some advantages in the setting of simple resection of a
subpleural, easily identified lesion, or for cases where an anatomic segmental or
lobar resection is required. Visualisation is more akin to the thoracotomy view,
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which leads to less disorientation for the less expert VATS surgeon; however palpa-
tion and localisation is far more difficult than multi-port VATS. Despite the dis-
pleasing aesthetics of placing the intercostal catheter through the access incision
and therefore more awkward closure, there are possibly fewer superficial wound
problems and neuralgia than normally associated with the same catheter placed in a
two-port or three-port telescope port. The main advantages of uniportal surgery are
the ease of teaching the technique and its low cost compared to all other minimally
invasive techniques. It is therefore well suited to low-income countries and emerg-
ing economies.

Other than for anatomic segmental or lobar resections, robotic surgery is not the
ideal approach for metastasectomy. It requires four intercostal ports and a subcostal
port, is expensive (in capital and disposable expenditure) for a simple wedge metas-
tasectomy and adds considerable theatre time to what should be a quick procedure
for staff and the patient. The only value for an institution is to improve setup skills
and efficiency for technical and nursing staff and to amortise the large capital cost
of the robot across more cases. However, deeper lesions requiring segmental resec-
tions after preoperative localisation with ICG lend themselves well to the robotic
approach, especially for posterior and lateral basal segments of the lower lobe.

18.5.2 Wedge Metastasectomy

Once access to the lung is achieved by any means above, consideration turns to how
a surgical margin will be achieved whilst minimising loss of lung parenchyma and
avoiding prolonged air leakage from the cut surface.

By far the most useful and widespread technique is a stapled wedge metastasec-
tomy. Commercial staplers usually provide three rows of staggered staple lines on
either side of a proposed lung incision and simultaneously divide the tissue with an
integrated blade. Other than severely emphysematous lungs, this results in an air-
tight, haemostatic seal of the cut lung surface. Stapling of particularly thick tissue
can result in air leaks from nearby fracturing of visceral pleura or the cutting out of
a portion of staples. This can be minimised by compressing the tissue for longer and
by intermittently and slowly advancing the stapler firing to allow further compres-
sion of the progressing staple line. For severely emphysematous lungs, a thicker
tissue staple cartridge with a reinforcing sheet of absorbable material is recom-
mended to prevent staples cutting out or missing lung tissue altogether by sta-
pling “air”.

For very small peripheral surface lesions, pinpoint diathermy is useful to pre-
serve lung, especially if multiple wedge metastasectomies or additional anatomic
segmental or lobar resections are required. This focussed diathermy ablation is usu-
ally sufficient to weld the very peripheral bronchioles and vessels, and the apposi-
tion of these wounds against parietal pleura is usually sufficient to prevent prolonged
air leaks.

Laser incisions are even more haemostatic and airtight than pinpoint diathermy,
but increases the capital expenditure and disposable costs. For very peripheral
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lesions, it is particularly effective. It is also technically effective for deeper lesions
where lung-sparing is critical, but its drawback is the difficulty in achieving reliable
oncological margins without techniques such as suture fixation of the lesion, which
potentially results in trans-coelomic spread or disruption of tumour.

18.5.3 Anatomic Sublobar Resections

One way of avoiding lobectomy for deep lesions is to determine what anatomic seg-
ment is affected by tumour and divide the relevant bronchial, venous and arte-
rial supply.

The simplest segmentectomy is the lingulectomy. The fissure is more often com-
plete, and even if it isn’t, access to the interlobar pulmonary artery is usually
straightforward. The superior pulmonary vein usually has very obvious lingular and
upper division tributaries. Once the singular vessels are divided, the upper lobe
bronchus can be clear of the segmental node and the singular branch isolated for
stapler division. A notional “neo-fissure” is created along the approximation of the
inter-segmental plane, taking care to secure good oncologic margins.

By exclusion, the next most useful and straightforward sublobar resection is the
left upper lobe superior trisegmentectomy (or divisionectomy). This is otherwise
known as a lingula-sparing left upper lobectomy. Basically, the lingular structures
are preserved, meaning the truncus anterior, and any posterior pulmonary arteries
are divided after dividing the superior division tributary of the superior pulmonary
vein. Once the superior division bronchus has been cleared and divided, the neo-
fissure is staple-divided exactly as for lingulectomy.

Lower lobe superior segmentectomies of either lung are usually straightforward,
especially if there is a good fissure, or at least good access to the interlobar pulmo-
nary artery. The superior segmental tributary of the inferior pulmonary vein (V6)
and the superior segmental pulmonary artery (A6) are divided then, after removing
the segmental node, the superior segmental bronchus (B6) is divided. The neo-fis-
sure is then estimated, taking care to secure good oncologic margins.

Once again, by exclusion, it is possible to perform apex-sparing lower lobecto-
mies by dividing all structures except the superior segmental artery, bronchus and
vein. The neo-fissure is then estimated as for a superior segmentectomy. The result-
ing superior segment is the largest segment of the lower lobe and very useful for
filling the pleural space and preserving lung function.

Other more unusual segmental or bisegmental resections are possible with
increasingly detailed knowledge of pulmonary vascular anatomy and its variations.
Apico-anterior bisegmentectomy of either upper lobe is possible by dividing the
truncus anterior and then chasing the upper lobe vein deep into the hilum to preserve
the posterior tributary. By exclusion, a posterior segmentectomy on the right is also
possible. In the lower lobe, a superior segmentectomy can be extended to an apico-
posterior bisegmentectomy, or by exclusion, antero-medial or postero-lateral biseg-
mentectomies can be achieved by dividing the relevant terminal pulmonary artery
branches beyond the lingular or middle lobe branches on the left or right, respectively.
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18.5.4 Bronchoplastic Resections

Pneumonectomy should be avoided at almost any cost when the indication is metas-
tasectomy. The mortality is significantly higher than all other lung resections; the
reduction in quality of life is obvious even in fit patients. Future interventions other
than stereotactic radiation may be prohibitive. Meticulous anatomic surgery may
allow a lobectomy or (right side) bilobectomy to be performed in many cases. This
may require a hand cut and sewn anastomosis for a close bronchial margin, or resec-
tion of a lobe and an adjacent segment across a fissure to achieve an en bloc resection.

If a bronchial margin cannot be secured without division of the origin of a main
bronchus, then every endeavour should be made to perform some form of bronchoplas-
tic resection. The simplest is the sleeve bronchoplasty, where the sleeve of bronchus
that the involved segment, lobe or lung arises from is removed en bloc with the intended
lung resection. The two open ends of bronchus proximally and distally are then care-
fully re-anastomosed, taking care not to strip too much of the peri-bronchial tissue
during preparation. A running suture is quite acceptable as long as any size discrepancy
is accommodated. The other favoured method is to perform a running anastomosis of
the membranous portion, which can be cut to leave it slightly longer than the bronchial
cartilage. The membrane is cinched on the larger bronchus and small bites taken on the
smaller bronchus. Individual simple or figure-of-eight sutures can then be placed under
vision and held. Cardiac snuggers are useful to bring the bronchial ends together and
distribute tension evenly whilst each suture is tied. This technique is favoured over
continuous suture if there is obvious tension in the anastomosis.

The most common and straightforward sleeve bronchoplasty is the right upper
lobe with attached right main bronchus. The bronchus intermedius or even the lower
lobe or lower lobe basal segments can be anastomosed as high as the ostium of the
main bronchus if necessary (Fig. 18.2a, b). For more than just right upper lobe

Fig. 18.2 The prototype sleeve bronchoplastic resection of the right upper lobe and right main
bronchus is required for tumours involving the origin of the right upper lobe (a). After removal of the
specimen, the bronchus intermedius is anatomised to the residual right main bronchus or carina (b)
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Fig. 18.3 The hilum can
be mobilised to facilitate
bronchial re-anastomosis
after sleeve resection. A
pericardial U-release (a)
and the more extensive
O-release (b) are depicted
by dashed red line. These
allow the pulmonary veins
(PVs) and peri-bronchial
tissues to move
comfortably towards the
carina. SVC superior vena
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sleeve resection, a pericardial release will be required to allow the vascular hilum to
move towards the carina. This is achieved by either curved incision of the pericar-
dium below the inferior pulmonary vein (U-release) or circumcision of pericardium
all the way around the pulmonary veins (O-release). These provide several centime-
tres of advancement of the bronchus towards the carina (Fig. 18.3a, b).

Sleeve resections can also be applied to segmental resections, especially the
superior segment of the left lower lobe. On the right side, the position of the middle
lobe bronchus may not allow a sleeve superior segmentectomy; therefore a “cruci-
ate” sleeve resection is indicated, whereby the right middle lobe and superior seg-
ment bronchi are resected en bloc with a continuous sleeve of bronchus from the
bronchus intermedius to the right lower lobe basal bronchus. This results in the loss
of three segments, compared to five segments for a complete right lower lobectomy
or seven segments for a right middle and lower bilobectomy (Fig. 18.4).

Variations of bronchoplastic techniques include the wedge bronchoplasty and the
hinge bronchoplasty. The wedge bronchoplasty is indicated when a hand cut margin
of the origin of a lobar bronchus cannot be closed without risking a stricture. A
V-excision is made in the lateral sides of the bronchus starting either side of the
resection defect. The bronchus can now be closed axially rather than transversely.
This will result in some angulation, but it is usually of no functional consequence.

The hinge bronchoplasty is particularly useful on the left side when a hand cut
bronchial margin of the secondary carina results in a large bronchial defect medi-
ally. The left lower lobe can be rotated inferiorly and medially with the previously
inferior lingular bronchial margin being anastomosed to the medial wall of the left
main bronchus. Careful suture placement is required to prevent accidental closure
or stricturing of the lingular bronchial ostium. An analogous hinge bronchoplasty
can be performed on the right if a right middle and lower bilobectomy requires en
bloc resection of the right main bronchus opposite the right upper lobe ostium. The
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RLL Basal RLL basal

Fig. 18.4 Cruciate sleeve resection is employed for tumours involving the origin of either the
right middle lobe bronchus or the superior segment bronchus of the right lower lobe. Both the
middle lobe and the superior segment are sacrificed along with the attached bronchus intermedius
and lower lobe bronchus, culminating in a cross-shaped resection specimen, hence the name
(inset). The lower lobe basal bronchus is then re-anastomosed into the residual bronchus
intermedius

previously inferior side of the right upper lobe bronchus is swung inferiorly and
medially to anastomosed to the medial wall of the main bronchus. The result is a
very functional residual lung (Fig. 18.5a, b). Finally, hinge bronchoplasty is also
useful for an extended right lower lobectomy with angled hand cut resection of the
posterolateral bronchus intermedius opposite the right middle lobe ostium. This
may be required for encroachment of a tumour slightly superior to the superior seg-
ment bronchus take-off, but only involving a small area of bronchus intermedius.
Once again, the middle lobe bronchus is swung on its remaining attachment, this
time superiorly and posteriorly.

18.6 Complications of Surgery

As mentioned previously, the average patient having sarcoma metastasectomy is
usually free of significant comorbidity. However, there is a cohort of patients in their
sixth and seventh decades in whom unexpected non-technical complications are
possible. Prolonged air leak or subcutaneous emphysema despite a functioning
intercostal catheter are the most common technical complications of any lung resec-
tion. Subcutaneous emphysema, whilst dramatic in appearance, is usually benign
and self-limiting. There appears to be a higher incidence of this in the VATS era, but
this may just be because it is the most obvious reason for prolonged hospital stay
beyond 1 or 2 days. This may need intervention for patient comfort and to reduce
alarm amongst nursing staff and visiting relatives. The author has found that re-
opening the VATS utility port down to the emphysematous plane and applying a
VAC dressing (KCI, TX) connected to continuous wall suction is highly effective
and can usually prevent a return to the operating room. Prolonged air leak beyond
7 days should trigger the question of whether a thoracoscopic exploration should be
undertaken on the next available operating list. Sometimes these are due to unfa-
vourable adhesions resulting in inadequate drainage, or fracturing of peri-staple
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Fig. 18.5 Hinge bronchoplasty of the right upper lobe may be indicated during bilobectomy if the
tumour involves the medial wall of the main bronchus opposite the right upper lobe ostium. The
right upper lobe is swung inferiorly and medially to anastomose onto the end of the main bronchus
to create a valuable functioning neo-lung (a). A post-operative chest X-ray demonstrates the re-
positioned lobe almost filling the pleural cavity (b)

lung. In most cases re-draining and starting over will eliminate the problem. This is
preferred over waiting until an empyema develops.

Bleeding is an unusual complication of wedge metastasectomy, although a port
site can continually ooze and form a clotted haemothorax. This should be cleared
operatively. For lobar and sublobar anatomic resections, the source of bleeding
comes from the hilar vessels themselves and from the bronchial and other small
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arteries supplying the lymph nodes and bronchi. The hilar vessels are more likely to
be an intra-operative problem. Bronchial and nodal vessel bleeding are the most
likely to result in return to the operating room. Preventative measures include liberal
use of clips and energy such as ultrasonic shears or “smart” bipolar diathermy. This
will also prevent prolonged lymphatic ooze.

Anastomotic complications are exceedingly rare for lobar stumps, but are a spe-
cific risk for pneumonectomy and sleeve resections. The tension required to close a
main bronchial stump actually puts it at greater risk of dehiscence than a sleeve
anastomosis at the same site, which allows the bronchial lumina to maintain their
natural shape. For right-sided pneumonectomy, a flap reinforcement is strongly
advised. The simplest form is to mobilise the pericardial fat pad, which will reach
most anastomotic locations. Reversed pleural or pericardial pedicled flaps are
another alternative. The intercostal muscle of the thoracic access space can also be
mobilised as a pedicled flap, but this will increase the chest wall morbidity from
somatic and neuropathic pain.

As with all major surgery in the presence of advanced malignancy, the risk of
pulmonary embolus is elevated, and therefore all patients should be placed on
prophylactic low molecular weight heparins (LMWH) unless there is a specific
contraindication. The addition of sequential calf compression devices or thrombo-
embolic stockings should be in accordance with institutional policy. These
adjuncts may be required in lieu of LMWH if there is a known contraindication to
that drug class.

When patients have been exposed to chemotherapeutic agents prior to surgery,
consideration must be given to the possibility of pneumonitis or cardiac injury.
Marrow suppression may result in poor haemopoietic response to blood loss; there-
fore the threshold for consideration of blood transfusion may be lowered if there has
been significant blood loss intra-operatively or post-operatively.
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Management of Retroperitoneal 1 9
Sarcomas

Michelle J. Wilkinson, Jennifer Downs, and David E. Gyorki

Retroperitoneal sarcomas (RPS) represent approximately 10-20% of all soft tissue
sarcomas. The anatomical location and relationship to important structures pose
unique complexities in the management of these patients. These often giant tumours
have been described in literature dating back to 1761, but it is only in the last few
decades that the understanding and treatment of these tumours has begun to consoli-
date and advance [1].

19.1 Epidemiology and Staging

As described earlier, soft tissue sarcoma staging is based on tumour size, location
(superficial versus deep) and grade, and this is modified from the classical TNM
because lymph node metastases are rare. Given that retroperitoneal sarcoma is all
deep by definition and most are greater than 10 cms in diameter, the staging system
has previously been a poor prognostic discriminator. In this regard, the AJCC eighth
Edition now has a specific staging system for sarcomas located in the retroperito-
neum which is strongly influenced by tumour grade due to it being a significant
prognostic factor [2]. The first three stages (I, II, IITA) are stratified by increasing
the grade and size, whilst stages IIIB and I'V reflect local nodal and distant involve-
ment, respectively.
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19.2 Histologic Subtypes
19.2.1 Liposarcomas

The most common sarcoma subtype arising in the retroperitoneum is liposarcoma
(LPS). These tumours arise from perinephric and retroperitoneal adipocytes on
either the right or left side of the retroperitoneum. As they grow, they displace the
viscera medially, progressively displacing them into the contralateral abdomen.

As shown in the largest Australian and UK reviews of retroperitoneal sarcomas,
one-third of LPS are homogeneous well-differentiated tumours. Approximately
two-thirds are more aggressive heterogeneous tumours containing dedifferentiated
components [3-5]. The extent and grade of differentiation predict tumour behav-
iour. After complete resection, patients with WDLPS have a local recurrence (LR)
risk of approximately 20% and distant metastasis (DM) of 1%. By contrast, patients
with grade 3 DDLPS have a risk of LR of 30% and DM of 40-50% [6]. This high
risk of local recurrence even for low-grade tumours dictates optimal management as
discussed later.

19.2.2 Leiomyosarcomas

Leiomyosarcomas develop from smooth muscle cells. In the retroperitoneum, they
often arise from large blood vessels such as the gonadal vein, renal vein or inferior
vena cava and have the potential for intra- or extra-luminal growth. These tumours
have a high propensity for distant spread, with approximately 50% developing dis-
tant metastases at 5 years [6].

19.2.3 Other Histologies

Other histological subtypes that occur in the retroperitoneum include undifferenti-
ated pleomorphic sarcoma (UPS), solitary fibrous tumour, synovial sarcoma and
extraskeletal Ewing sarcoma.

19.3 Patient Presentation

Patients most commonly present with either a palpable abdominal mass or a lesion
discovered incidentally on imaging for other indications. RPS are rarely symptomatic
and can be very large at presentation. They typically arise insidiously and progress
undetected whilst they expand from the retroperitoneum into the spacious abdominal
cavity. Furthermore, unlike other intra-abdominal cancers, these tumours rarely cause
pain, anorexia, weight loss, lethargy or symptoms from invasion of adjacent viscera.
Symptoms (usually early satiety, nausea and vomiting) only tend to arise when
tumours are large, causing compression of the adjacent viscera. The median size of
these tumours at presentation is 12—14 cm but ranges between 2 and 42 cm [3].
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Distinguishing between the different RPS histological types, epithelial tumours
(e.g. lymphoma, germ cell tumour) and benign aetiology such as lipoma, angiomyo-
lipoma and leiomyoma is important as they can require different oncological
approaches and surgical strategies.

19.4 Diagnostic Pathway

When an RPS is suspected, it is important to establish the diagnosis, accurately
stage the patient and assess fitness for surgery. This is achieved through a combina-
tion of clinical assessment, imaging and core needle biopsy (CNB). Early referral of
patients to a specialist sarcoma centre is recommended as it is associated with
improved outcomes [7].

19.4.1 Imaging

Due to the rarity of these tumours, the radiology and clinical team involved in the
patients’ care at presentation may not have experience of the imaging appearances.
Failure to recognise an RPS on imaging can lead to inappropriate management in
non-specialist centres [8]. The minimum imaging requirement and most useful pri-
mary investigation is a computerised tomography (CT) scan with intravenous con-
trast of the thorax, abdomen and pelvis. CT enables accurate assessment of the
extent of the tumour, visceral involvement, establishes if solitary or multifocal and
the presence of any metastatic disease.

Other imaging modalities which may be required include magnetic resonance
imaging (MRI), positron emission tomography/CT (PET/CT) and others such as
formal vascular assessment depending on tumour location and the suspected histo-
logical subtype.

The utility of MRI imaging in RPS is limited but is particularly valuable in
patients with pelvic disease and in tumours with indeterminate bone (especially the
sciatic notch and vertebral foramina) or muscle involvement on CT. It can also be
used as an alternative to contrast CT in those with allergies to iodinated contrast
agents or during pregnancy.

FDG-PET/CT provides important supplementary information beyond simple
cross-sectional imaging. Functional imaging provides information on the grade of
tumour, as Glut-1 expression and glucose metabolism have been shown to correlate
with tumour grade [9]. Identifying the areas of maximal glucose uptake can be use-
ful to ensure that preoperative CNB targets the areas of greatest uptake and there-
fore highest grade. In retroperitoneal liposarcomas, a PET/CT SUV,,, of 4.5 has
been shown to be highly predictive of Fédération Nationale des Centres de Lutte
Contre le Cancer (FNCLCC) grade 3 tumours and an SUV,,,, >4.5 can be used as a
prognostic factor for recurrence-free survival and overall survival before obtaining
the histopathology [10].
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19.4.2 Core Needle Biopsy

Tumours within the retroperitoneum can cause diagnostic dilemmas. It has been
shown that the correct diagnosis of an RPS based on imaging alone is challenging
[11]. Therefore, CNB is needed to definitively establish the diagnosis, aid clinical
decision-making and help guide surgical strategy [12].

In retroperitoneal lesions, the four main reasons to obtain a core needle
biopsy are:

1. To establish the diagnosis of RPS and exclude other malignant processes, e.g. lym-
phoma or benigXn lesions (lipoma, schwannoma) and secondary metastatic lesions.

2. To identify chemosensitive pathology such as Ewing sarcoma, synovial sarcoma
or GISTs in which neoadjuvant treatment may be indicated to downsize the
lesion, reduce its biological activity and potentially facilitate organ-preserving
surgery and better oncological outcomes.

3. Toidentify the presence of a dedifferentiated component within a WD/DDLPS, as
a solid component within a LPS may just represent a solid component of WDLPS.

4. To plan the optimal extent of surgery specific to tumour histology (see below).

CNB should be performed under imaging guidance using a retroperitoneal
approach targeting the highest-grade component of the tumour. Potential post-
procedure risks of CNB are bleeding, rectus sheath haematoma, tumour rupture,
sampling error and delay in treatment; however, in experienced centres, these risks
are low. There is a very low risk of tumour seeding with CNB which is further
reduced with the use of a coaxial needle. These risks are significantly outweighed
by the benefits of an accurate preoperative diagnosis [13].

The use of open biopsy is limited to the rare case where CNB is non-diagnostic.
However, where PET/CT is used to guide biopsy localisation, the inability to accu-
rately confirm a diagnosis on CNB is very rare.

19.4.3 The Transatlantic Retroperitoneal Sarcoma Working Group

The combination of RPS being both rare (with further division into multiple histologi-
cal subtypes) and complex has led to the development of an international multicentre
collaboration — the Transatlantic Retroperitoneal Sarcoma Working Group
(TARPSWG) —in 2013. The aim of this group is to combine knowledge and experi-
ence from high-volume sarcoma specialist centres, to critically evaluate the current
evidence and to establish consensus regarding various aspects of patient management
with the overall aim of improving oncological outcomes in this difficult disease. They
secondarily have set up a prospective registry. In line with this, the TARPSWG col-
laboration has published consensus statements regarding the management of primary
retroperitoneal sarcoma [14], recurrent RPS [15] and metastatic RPS [16].

In an era of increased movement towards individualised patient care, the ability
to predict prognosis following surgery for RPS is essential. This enables therapeutic
strategies to be tailored to individual patient and facilitates adequate patient
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counselling. The outcomes of patients who have undergone resection for RPS can
be predicted using tools such as nomograms [17]. One such useful tool for predic-
tion of both overall survival and disease-free survival is Sarculator (www.sarculator.
com). This can be used for both primary and recurrent RPS and also has a predictor
for extremity soft tissue sarcoma.

19.5 Management

The primary curative-intent modality of treatment for patients with RPS is surgery,
and the best chance of cure is at the time of primary presentation.

19.5.1 Multidisciplinary Team

In accordance with the Trans-Atlantic RPS working group, RPS is a, complex
malignancy and is best managed in specialist centres [14]. The patient’s history,
imaging and histology should be reviewed and discussed at a sarcoma-specific mul-
tidisciplinary meeting (MDM) with a surgeon trained in RPS resection. The clinical
approach and extent of surgical resection is tailored to the individual patient and
tumour characteristics. The factors that must be considered are:

1. The patient’s wishes, performance status, past medical history and previous
abdominal surgery.

2. The tumour’s location and involvement of critical and noncritical abdominal

structures.

The tumour’s histology and grade.

Is it unifocal or multifocal disease?

5. Isit a primary diagnosis or recurrent disease?

Rl

19.5.2 When Is a Retroperitoneal Sarcoma
Deemed Unresectable?

Retroperitoneal sarcomas are typically large tumours, but very few of them are
unresectable. Curative-intent surgery necessitates a complete en bloc resection of
the tumour. Patients with tumours that involve the superior mesenteric artery/root of
the mesentery, coeliac trunk, portal vein, bilateral renal vessels and extension into
the spinal canal or into the vertebral bodies are considered unresectable.

19.6 Preoperative Assessment

If the decision at the MDM is to proceed with surgery, whether for primary or recur-
rent disease, patients require assessment by the anaesthetic team for surgical fitness.
RPS resections are often prolonged procedures with multivisceral resection and
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significant risk of blood loss and fluid shifts. Preoperative review allows for assess-
ment of baseline, optimisation of co-morbidities and treatment of modifiable risk
factors. Unit-specific protocols should be in place for this at specialist centres. A
minimum review includes a detailed medical, surgical and anaesthetic history, cur-
rent medications, baseline blood tests, cardiac assessment and standardised func-
tional testing such as cardiopulmonary exercise testing (CPET) or walk test, e.g.
6-min walk or shuttle walk test.

Prehabilitation is useful in RPS patients. Surgery places significant demands on
patients, both physically and psychologically. Prehabilitation offers the possibility
of improving their ability to meet these demands. This includes a physiological
assessment of surgical patients and targeted programmes to alter modifiable risk
factors such as anaemia, poor nutrition and impaired lung function. The aim is to
optimise patients for surgery and enhance their recovery by reducing postoperative
complications. Small studies have shown that interventions such as single counsel-
ling sessions or supervised exercise programmes have halved postoperative compli-
cations in patients undergoing major abdominal surgery [18].

However, the benefit of delaying surgery to modify risk factors should be
weighed up against the risk of progression of disease, and decisions should be made
on a case-by-case basis with multidisciplinary input.

19.7 The Surgical Strategy

Excision of RPS with clear margins is the best chance for cure. Surgical resection
of RPS is complex and requires the surgeon to have extensive anatomical knowl-
edge and technical skills in the resection and reconstruction of the retroperitoneum
including the autonomic and somatic nerves, lymphatics, paravertebral vessels and
retroperitoneal and abdominal viscera to successfully manage these patients. Single-
organ/single-site expertise is not sufficient to minimise the risk of morbidity and
mortality and provide the best possible oncological outcomes [6, 19]. The primary
surgeon may need to bring together a team with diverse surgical expertise, e.g.
involvement of vascular surgery, to achieve optimal outcomes.

The main surgical consideration is balancing the extent of the surgery required
for oncological clearance against potential morbidity. The anatomical constraints of
the retroperitoneum often restrict the ability to achieve wide resection margins.

Decision-making around the extent of surgery relies on an understanding of the
diverse tumour biology based on histologic subtypes. Patients with LMS have a 5-year
local recurrence (LR) rate <10%, a distant metastasis (DM) rate of 50% and an OS of
around 55% [6]. These patients can be treated with resection of the tumour mass alone
with preservation of adjacent organs unless there is clear invasion evident on imaging.
By contrast, patients with LPS have an LR rate of 20-40%. In this histology, organ
invasion can be difficult to predict based on imaging alone [20], and therefore, a mul-
tivisceral resection including adjacent organs in particular the kidney and colon should
be considered. This allows complete clearance of the ipsilateral retroperitoneal fat.

The resection described below is designed for liposarcoma (LPS), the most com-
mon RPS (Fig. 19.1). A compartmentectomy aims to achieve complete tumour
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Fig. 19.1 Large right retroperitoneal liposarcoma in a 56-year-old female patient who underwent
en bloc multivisceral resection with extended right hemicolectomy and right nephrectomy and
remains free of disease after 3 years of follow-up: (a) CT shows large lipomatous mass encasing
the right kidney posteriorly and the right colon anteriorly (arrow), displacing the uninvolved vis-
cera to the left. (b) Initial extraperitoneal dissection dissecting tumour off the lateral abdominal
wall preserving peritoneal margin. (¢) Subsequent transperitoneal approach demonstrating involve-
ment of the right colon (arrow). (d) Resected specimen demonstrating en bloc multivisceral speci-
men containing extended right hemicolectomy and right nephrectomy (not seen). (e) Surgical
footprint demonstrating IVC with right renal vein stump (arrow) as well as skeletonised posterior
abdominal wall with fascia retained on tumour surface as deep margin
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Fig. 19.1 (continued)

resection whilst minimising the chance of positive microscopic margins. This is
achieved by removing the RPS en bloc with its contiguous noncritical surrounding
viscera (even when not preoperative imaging does not identify overt tumour infiltra-
tion) and clearing the ipsilateral retroperitoneal fat. When considering resection of
critical neurovascular structures, the surgeon must assess the risks and benefits of
achieving local control versus potential long-term morbidity.

Resection of an LPS commonly involves either a right nephrectomy and colec-
tomy or left nephrectomy and colectomy. For left-sided tumours, a distal pancre-
atectomy and splenectomy may also be required. Right-sided tumours may require
partial duodenal resection, but the liver is rarely involved. In accordance with the
‘Milan approach’, the RPS resection has been described as a six-stage proce-
dure [19]:

1. Midline laparotomy and careful dissection into the retroperitoneal space, with
assessment of tumour resectability (Fig. 19.1b).

2. Division of the gastrocolic ligament and transverse colon (plus distal ileum if on
the right side) and assessment of the duodenum/head of the pancreas (right side)
or body/tail of the pancreas and spleen (left side).

3. Mobilisation of duodenum/head of the pancreas (right side) or body/tail of the
pancreas and spleen and duodenojejunal junction (left side). Partial duodenal
resection or pancreaticoduodenectomy is uncommon (<5%) (right side).
However, distal pancreatectomy and splenectomy are more common (up to 50%)
in left-sided retroperitoneal sarcomas or if adherent to or invaded by tumour.

4. Major vascular dissection of the inferior vena cava (IVC) or aorta as appropriate,
with ligation and division of ipsilateral renal vessels and other collaterals, and
dissection of the tumour from the iliac system (Fig. 19.1e).
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5. Peritonectomy and resection of the psoas fascia in the pelvis (plus rectal resec-
tion if on the left side) after preservation of the femoral nerve (unless directly
invaded). Femoral cutaneous branch and the genitofemoral and ilioinguinal
nerves are expendable and may need to be resected, as these lie between the
tumour and the psoas fascia.

6. With psoas invasion by tumour, the origin of the psoas is resected from the spine
whilst sparing the roots of the femoral nerve (L2, L3, L4) and possibly the ilio-
hypogastric nerve. Mobilising the costo-diaphragmatic fold facilitates removal
of the specimen.

Whilst subcapsular hepatic dissection or partial hepatectomy for right-sided
tumours are infrequently required, mobilisation of the right lobe of the liver is rec-
ommended. Gastric procedures such as sleeve or proximal gastrectomy are infre-
quent for left-sided tumours. Vascular resections including iliac vessels and IVC
(right side) are infrequently required (4%).

Patients require intensive anaesthetic support throughout the procedure with
invasive monitoring and goal-directed fluid management. These operations are
often prolonged with the potential for significant blood loss and fluid shifts putting
patients at risk of hypothermia, hypovolaemia, acidosis and coagulopathy. Therefore,
intraoperative and postoperative management of these patients should be directed
by experienced staff, and standardised approaches should be implemented where
possible (warming techniques, fluid management, transfusion requirements, antico-
agulants, analgesia and postoperative care).

Prior series have shown a rate of return to theatre for all causes of 10% [21]. The
commonest cause of early return to theatre is for bleeding. Delayed return may be
due to overt or suspected anastomotic leak, infected haematoma or collection. The
post-procedure mortality rate is approximately 3%. The commonest causes of death
are multisystem organ failure, often secondary to sepsis, cardiac failure, myocardial
infarction and pulmonary embolus [4, 5, 22]. Postoperative complications that
should be consented for include bleeding and return to theatre, infection (collec-
tions, overwhelming post-splenectomy infection or lower respiratory tract infec-
tion), bowel ischaemia, pulmonary embolus or deep vein thrombosis, pleural
effusions, anastomotic leak, pancreatic leak, ileus, delayed wound healing, dehis-
cence and wound infection.

19.8 Prognosis

The local control rates for RPS are worse than for extremity sarcomas. This is due
to both non-modifiable tumour factors, such as histology, grade and anatomical
location, and modifiable factors, e.g. tumour resection margins. It is therefore para-
mount that the treatment of these tumours is focused on achieving complete resec-
tion margins to optimise patient outcomes.

Patients with primary tumours who undergo complete macroscopic resection
have an overall local recurrence rate of 38-40%. The risk of recurrence does not



318 M. J. Wilkinson et al.

plateau over time. At 5 years, local recurrence-free survival is 50-55%, and overall
survival is 68—70% (Gyorki JSO, Strauss BJS 2010 TA group plus Ferrario et al).
Survival is also related to tumour grade, and when the outcomes are analysed by
tumour grade, the 5-year overall survival in low-grade lesions (G1) increases to
82-92%, for intermediate (G2) 54—77%, compared to 43-48% 5-year survival in
patients with high-grade (G3) tumours [23, 24].

The poorest outcomes are often seen in retroperitoneal leiomyosarcoma involv-
ing the inferior vena cava where the 5-year survival rate is between 35 and 65% with
a disease-free survival of only 25-30% [25, 26].

19.8.1 Neoadjuvant and Adjuvant Therapies

There is no high-level evidence to date that the use of neoadjuvant therapies for RPS
improves local control rates or overall survival. However, it is very difficult to per-
form prospective randomised trials for RPS due to the rarity of the disease and the
variation in tumour size, grade and histological subtype.

19.8.1.1 Radiotherapy

Given the importance of local control in a majority of RPS subtypes, radiation ther-
apy (RT) has been an important component in the multimodal treatment of this
disease. There has been great debate over the use of RT in either the adjuvant or the
neoadjuvant setting, based on lessons learned from extremity sarcomas [27]. The
neoadjuvant approach is preferred as the tumour is readily identifiable and displaces
radiosensitive structures out of the radiation fields, allowing delivery of adequate
radiation dose to the tumour, with low toxicity and without significantly increased
perioperative morbidity or mortality.

In analysis of the Peter MacCallum Cancer Centre patients, the use of neoadju-
vant radiotherapy was associated with lower rates of local recurrence [3]. Historically
extended compartmental resection in LPS was not routinely practiced, and therefore
the influence of RT may have been overestimated.

The first prospective randomised controlled trial designed to evaluate the effi-
cacy of neoadjuvant radiotherapy on RPS (ACOSOG Z9031) was closed prema-
turely in 2004 due to low accrual rates, concerns over treatment toxicity and delays
in surgery. More recently, the STRASS trial, an EORTC international randomised
controlled trial assessing oncologic outcomes in patients undergoing neoadjuvant
RT followed by surgery versus those undergoing upfront surgery alone, has com-
pleted accrual. This was reported in 2019 and failed to demonstrate a benefit of
preoperative RT for RPS at 3 years. However, in the exploratory analysis, preopera-
tive RT showed benefit for the LPS subgroup with 3-year abdominal recurrence-free
survival of 71.6% (61.3-79.6%) and 60.4% (49.8-69.5%) in the radiotherapy plus
surgery group versus surgery groups (HR = 0.64, 95%CI 0.40-1.01, p = 0.049). It
will be interesting to see if this trend continues and becomes more significant at the
5- and 10-year time points.
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19.8.1.2 Chemotherapy

The strongest indication for neoadjuvant therapy is in RPS with chemotherapy
(synovial sarcoma, leiomyosarcoma). Neoadjuvant therapy may downsize these
tumours, enable resection with negative margins and improve patient outcomes.
Furthermore, neoadjuvant chemotherapy allows an in vivo assessment of chemo-
sensitivity by allowing assessment of pathological response.

To date, there have not been any studies of neoadjuvant chemotherapy in patients
with RPS. Following on from the STRASS trial, a multicentre randomised EORTC
clinical trial is currently investigating whether neoadjuvant chemotherapy, as an
adjunct to curative-intent surgery, improves the prognosis of high-risk DDLPS
(dedifferentiated Liposarcoma) and LMS (Leiomyosarcoma) patients as measured
by disease-free survival.

The use of adjuvant chemotherapy, external beam radiotherapy and brachyther-
apy has no clinical study-proven value in the treatment of RPS.

19.8.2 Follow-Up

There is no evidence to guide follow-up for patients following definitive surgical
resection of RPS. Clinical evaluation accompanied by appropriate imaging every
4—6 months for the first 5 years is recommended with annual follow-up thereafter.
The optimal imaging modality for follow-up is CT chest/abdomen/pelvis, covering
both local recurrence and likely sites of distant metastasis. In young patients, espe-
cially females of child-bearing age, MRI of the abdomen and pelvis with CXR may
be considered to reduce radiation exposure.

19.9 Management of Recurrent Disease

The commonest type of relapse in completely treated RPS is local recurrence. This
may be single site or multifocal and can be slow growing or rapidly progressive.
Recurrent disease is often detected on radiological surveillance whilst the patient is
asymptomatic.

In patients with recurrent disease, the most important factors to consider are:

. To exclude the presence of distant metastatic disease.

. Time interval from previous resection and tumour growth rate.
. Is it resectable?

. Is the patient symptomatic?

B W =

Unfortunately, 20% of patients present with synchronous local recurrence and
metastatic disease. Resectability is less likely in recurrent disease compared to pri-
mary presentation, but if it is resectable, this correlates with a median overall sur-
vival of 60 months compared to 20 months in unresectable recurrence [28]. The
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speed of tumour growth is also predictor of disease-specific survival in recurrent
disease with a tumour growth rate of >0.9 cm/month having a median DSS of
21 months compared to 100 months if growth was <0.9 cm/month [29].

Even after a complete resection of recurrent disease, there is still a 10% risk of
systemic recurrence and an ongoing risk of further local recurrence. After each
recurrence, the time interval between recurrences shortens, and the operative mor-
bidity increases. However, if complete surgical resection is possible, then the role of
surgery for recurrent RPS is with curative intent and in most cases is still the best
treatment option. However, the optimal timing of surgery is critically important.

The decision to operate on patients with locally recurrent RPS depends on mul-
tiple factors, not resectability alone. These include the patient’s symptoms, fitness
for surgery, number of previous resections and timing of recurrence interval, tumour
growth and presence of multifocal disease. There is no high-level evidence to help
guide this often difficult decision-making process, and therefore expert review is
required. The options should be clearly explained to the patient as shared decision-
making and multidisciplinary input are vital. Overall, these patients are challenging
to manage, and the risks and benefits or surgery must be carefully reviewed on a
case-by-case basis. Early surgery may not provide optimal outcomes, and a period
of watchful waiting is often advisable [30].

In patients with unresectable disease or in whom surgery is unlikely to provide
benefit, the options of treatment are surveillance, trial of chemotherapy, radiother-
apy or in rare symptomatic cases palliative debulking.

Palliative debulking should be reserved for patients with symptomatic disease.
There is no role for an incomplete resection for patients with asymptomatic recur-
rence. For symptomatic patients, the risks and benefits need to be considered as
symptoms tend to recur rapidly and patients are at high risk of postoperative
complications.

19.10 Management of Metastatic Disease

In RPS, the commonest cause of death is local recurrence leading to cachexia and
bowel obstruction. The commonest sites of systemic metastatic disease are the lung
and liver. Metastatic disease may also present as intra-abdominal multifocal perito-
neal sarcomatosis.

Whilst surgery may be considered for patients, it is important to acknowledge
that the probability of cure in metastatic RPS is low. Although there are some long-
term survivors after metastectomy, this is likely a reflection of patient selection.
Those considered for metastectomy are often those with more favourable disease
biology.

Patients shown to have the greatest benefit from metastectomy are:

1. Those with a good performance status.
2. Those who have a prolonged time between primary resection and distant disease
(greater than 12 months).
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3. Low-volume metastases in whom complete disease eradication is possible.

For systemic oligometastatic disease, local therapies can be considered in appro-
priate patients such as resection, microwave or radiofrequency ablation and stereo-
tactic radiotherapy. Less invasive modalities should be used where possible as they
have the benefit of fewer side effects and less disruption to any ongoing systemic
treatment. They can be used alone or in combination with surgery to attempt com-
plete disease clearance [16].

The majority of patients with metastatic RPS will require palliative treatment
and have a median survival of 12 months. Systemic therapy, with an anthracycline-
based regimen, is the commonest form of first-line treatment but may also be used
in those for consideration of resection to evaluate tumour biology. Radiotherapy
may be used for symptomatic relief especially in those with pain, spinal cord com-
pression or breathlessness.
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20.1 Challenges of Sarcoma Reconstruction

Sarcoma reconstruction is a challenging area of plastic surgery that demands careful
defect assessment, critical considerations of all options and balanced approach to
maximise patient’s recovery. The purpose of this chapter is to define the difficulties
surgeon face in sarcoma reconstructions and to provide a structured framework that
would stimulate problem-solving process and assist in choosing the most appropri-
ate reconstructive solutions.

The challenges in sarcoma reconstruction are directly attributed to the
following:

* Site of the disease

» Size of the defect

* Neoadjuvant radiotherapy

* Functional loss consequent to the resection

Soft tissue sarcoma can occur at any site; thus reconstructive requirement
changes according to the defect anatomy, presence of critical structures, functional
needs and resultant contour deformity. While general principle applies everywhere,
each anatomical region requires some special considerations. These are discussed in
detail in this chapter.

Due to the malignancy and local aggressiveness of many of these tumours, surgi-
cal resection frequently demands wide margins and involve multiple tissue compo-
sitions such as muscles, nerves and vessels. Some of the larger defects push the
limits of reconstructions, while others with multiple complex reconstructive needs
challenges a surgeon’s thought process and maturity. A ‘one flap fits all’ approach
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simply does not work in sarcoma reconstruction. Rather, the focus should be on
principles backed by a large armamentarium of reconstructive options.

Radiotherapy frequently plays an integral part of soft tissue sarcoma manage-
ment. Its role in regional disease control has been well documented. While many
centres debate the timing of radiotherapy, neoadjuvant radiotherapy is the prefer-
ence at our institution. This approach has an immediate impact on the condition
of the defects, only making the role of a plastic surgeon more crucial in these
circumstances. Radiotherapy has both acute and long-term impact on these
wounds that appropriate choice of reconstruction not only is critical in early
wound healing phase but also long term in minimising tissue fibrosis, atrophy and
necrosis.

The functional deficit resulting from the resection can be significant but often
overlooked in the process of achieving cancer clearance and primary wound heal-
ing. Considerations in functional restoration is much more than selecting the latest
reported technique; it is having a thorough understanding of the biomechanics that
would prevent additional morbidity in flap selection with the aim of maximising the
global functional improvement.

While much of this book focuses on the best oncological treatment possible, the
role of the plastic and reconstructive surgeon is to maximise the quality of life of
ones’ cancer survival. The reconstructive team at St Vincent’s Hospital believe that
the success of sarcoma reconstruction lies with the following principles:

— Honest and precise communication between treating teams.
— Clear reconstructive goals and principles.

— Consideration of a wide selection of reconstructive options.
— Flexibility in adapting to each defect/patient needs.

— Balanced approach to minimise overall morbidity.

20.2 Goals and Principles of Reconstruction

Every sarcoma defect is unique. When faced with a complex three-dimensional
defect with multiple factors to consider and range of treatment options to choose
from, it is important to reflect on the goals and principles of reconstruction in order
to gain clarity on how to approach the problem.

Goals of Sarcoma Reconstruction
e Primary wound healing.

¢ Functional restoration.

e Minimise overall morbidity.

e Optimise cosmesis.
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Principles of Sarcoma Reconstruction

e Repair with well-vascularised healthy tissue.
e Aim for dermis to dermis closure.

e Obliterate dead space.

* Replace like with like.

* Consider all functional repairs options.

e Choose donor flap with least morbidity.

e Early correction of aesthetic concerns.

Wound healing is the primary role of a reconstructive surgeon in surgical manage-
ment of sarcoma. It is a crucial component of a patient’s recovery and should be the
minimum requirement in any sarcoma reconstruction. Resections frequently create
defects that are large, deep and with exposed critical structures such as major ves-
sels, nerves and/or exposed reparative devices such as plate and screws or vascular
reconstructions. Neoadjuvant or adjuvant radiotherapy only adds to the difficulties.
The ability to cover difficult wounds is one of the primary influences in achieving
limb salvage surgeries. It allows surgical resection of more complex tumours and
can significantly change patients’ quality of life.

In achieving primary wound healing in the shortest time possible, several prin-
ciples of reconstruction need to be considered in choosing the best option. For most
of the defects encountered at our institution, the size of the defect and addition of
neoadjuvant radiotherapy demands the introduction of a vascularised healthy tissue
into the defect with the use of a flap. Flap selection process (discussed later in this
chapter) depends on assessment of the defect size, depth and structures involved,
matched with available donor tissue.

It is important in the flap selection to consider how to obliterate the dead space.
Dead space is a common problem post-resection of a large deep defect. It leads to
the formation of seroma that prevents adequate flap inset and integration, causes
discomfort and can harbour infection. If not prevented early or treated early, an
infected rigid chronic seroma after surrounding fibrosis has set in is a difficult prob-
lem to manage.

Our preference in the flap selection is to aim for skin-to-skin closure of the
defect, i.e. choosing a cutaneous component of the flap and avoid skin graft on
muscle. This allows early wound healing time, dermal vascular integration and less
wound healing complication. The long-term benefits include ease in future revi-
sional surgery, improved aesthetics and reduced regional fibrosis. Even when there
is no skin resection in tumour resection, adding a small island of skin in the flap
repair improves wound healing in addition to the benefits listed.

One key, increasingly relevant goal is to restore functional loss or minimise func-
tional deficit. Not all defects require functional restoration, but it should be part of
every decision process. The approach is to list all functional deficits, e.g. from
superficial sensory nerve loss to large compartmentectomy. Prioritise the need to
repair them, and repair as much as possible. One other major advancement in our
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approach has been maximising the functional restoration potential with any flap we
use. For example, an ALT flap to the sole of the foot should include the flap sensory
nerve in order to sensitise the flap.

One last principle related to functional restoration is not to create more. A recon-
struction surgeon needs to know the ‘price to pay’ with any surgical option and
weigh it against the potential gain. This is not always an easy decision and an area
much in need of future research. A global improvement in patient’s functional state
is the ultimate goal.

20.3 Wound Assessment and Flap Selection

All defects are different, and no reconstruction is exactly the same. The foundation
of our decision-making process involves three main areas of considerations, each
interact with another until the most balanced solution is reached. The three areas of
considerations are (Fig. 20.1):

1. Defect characteristic.
Defect size, depth, structures resected, structures preserved, recipient vessel
quality, and critical structures that may need to be covered.
2. Functional deficit.
Estimation of the actual and potential functional loss. What can be repaired
and does it need to be repaired? Can we improve the deficit?
3. Flap selection.
Choice of flap and its availability is match to the defect. What are the donor
morbidities? What flap modification can be achieved to improve outcome?

The flow chart (Fig. 20.2) indicates broadly our decision process guided by the
above mentioned principles. It is important to stress that this chart is NOT a flap
selection protocol or algorithm. It also does not taken into account the exact flap

Defect Assement

e Size

e Depth

 Criticial Structures

Defect
Characteristics
Flap Selection Predicted Functional Deficit
e Size ) . ; Functional ¢ Muscle
¢ Composition AT Setiseiien Deficit * Nerve
¢ Free vs Local * Bone

¢ Donor Morbidity

Fig.20.1 Principles when considerations for flap selection
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Fig. 20.2 Algorithm for selecting specific flaps for reconstructing soft tissue defects
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design and modification which is different in each case. The chart simply sum-
marises our usual thought process and choice of reconstruction as a reference for
those who are interested in sarcoma reconstruction.

20.4 Regional Reconstruction: Lower Limb

A shift from amputation to limb salvage surgery [1] assisted by the advent of exter-
nal beam radiotherapy in soft tissue sarcoma treatment [2-5] has necessitated a
more sophisticated approach to limb reconstruction.

General principles apply in assessment of any given lower limb defect. Once an
assessment of size and depth of the defect is made, one must then give special con-
sideration to critical structures requiring coverage, as well as the functional require-
ments of the reconstruction. For defects that necessitate reconstruction with motor
innervated muscle flaps to restore function, further careful planning is necessary
with consideration given to location of recipient vessels in relation to the location of
donor nerves, as well as accurate tensioning of the muscle flap for appropriate
excursion.

Tradition has been for soft tissue coverage in the lower limb where remaining
muscles are able to hypertrophy to carry out the function of those resected. The use
of motor innervated free muscle flaps as part of our armamentarium in soft tissue
sarcoma reconstruction [6—10] has shown great potential in achieving superior func-
tional reconstructive outcomes without significant additional morbidity.

Unique considerations pertaining to regional defects of the lower limb are sum-
marised below:

1. Thigh.
(a) Anterior thigh
Current reports on muscle reconstruction after quadriceps muscle sacri-
fice [7, 11] suggest free functioning latissimus dorsi muscle to be most use-
ful in cases where three or more heads of the quadriceps group are sacrificed
and impairment from resection of fewer heads to be only modest [12, 13].
(b) Medial thigh
The medial thigh comprises the adductor muscle group and vital struc-
tures of femoral artery and vein and femoral nerve. It is rare to see sacrifice
of the adductors necessitating a functional reconstruction. More com-
monly we see skin and partial adductor muscle group sacrifice with expo-
sure of the femoral vessels with or without vessel sacrifice requiring
vascular reconstruction. In these scenarios, it is critical to offer a robust
coverage and where possible a ‘double-layer’ closure of muscle/fascia
over the vessels with direct skin-to-skin closure superficially. Common
solutions include sartorius muscle turn over with pedicled ipsilateral ALT
flap, pedicled recuts abdominus myocutaneous flap or free contralateral
fasciocutaneous ALT flap.
(c) Posterior thigh
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Primary considerations in the posterior thigh are the hamstring muscle
group (laterally biceps femoris and medially semimembranosus and semi-
tendinosus muscles) and the sciatic nerve. Functional reconstruction of the
hamstring muscles is generally considered with sacrifice of all four heads.
The latissimus dorsi-free functioning muscle flap, including the skin, is most
commonly used with its accompanying thoracodorsal nerve being coapted to
an appropriate proximal motor branch of the sciatic nerve. This motor branch
is identified with a hand-held nerve stimulator to distinguish it from purely
sensory branches. Identification of this donor nerve must be done concurrent
with the resection in order to ensure motor nerve axons suitable to innervate
the muscle flap.

2. Leg
(a) Anterolateral leg/foot

Skin coverage is the key requirement of most defects in the anterolateral
leg and foot. These areas frequently require free flap coverage due to a pau-
city of local options. More extensive resections will require consideration of
resultant foot drop which is as a consequence of muscle and/or peroneal
nerve resection. Complete anterior compartment resection (tibialis anterior,
extensor digitorum longus and extensor hallucis longus) may be recon-
structed with a free functioning myocutaneous gracilis muscle flap. Lateral
compartment resection infrequently requires functional reconstruction.

(b) Posterior leg

The requirement for functional reconstruction of the posterior leg is less
frequent due to the presence of both deep and superficial compartments with
both soleus and gastrocnemius muscles making up the superficial compart-
ment. If it is necessary to sacrifice both soleus and gastrocnemius muscles, a
latissimus dorsi functioning muscle flap is preferred as a smaller muscle is
unlikely to generate sufficient power.

3. Nerve

Tumour resection often involves muscle groups in addition to any nerve sac-
rifice, so overall functional deficit needs to be considered, not just the morbidity
of losing the nerve in isolation.

Sciatic nerve (as well as peroneal or tibial nerve) sacrifice has previously been
cited as an indication for amputation predominantly due to the loss of sensation
[14]. Fuchs, however, reported on the outcomes of ten patients with limb salvage
in the setting of sciatic nerve sacrifice with patients able to perform more than
70% of their daily activities with little or no difficulty [15]. Others have con-
curred with these findings [16]. Studies also report a greater level of disability
after lower limb amputation than reconstruction in the setting of nerve sacri-
fice [17].

Sensory loss of the skin of the sole of the foot should be considered as the one
area of sensory loss worth reconstruction where possible.

Sciatic nerve sacrifice is often in the setting of entire posterior thigh compart-
mentectomy, and therefore functional muscle reconstruction would be our pref-
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erence (functional latissimus dorsi flap). More distal sensory nerves such as the
sural nerve can be utilised as conduits for free nerve grafting of sciatic nerve gaps.

Peroneal nerve sacrifice and resultant foot drop may be in the setting of an
intact anterior muscle compartment, in which case nerve transfer from the intact
posterior compartment would be our preference. Other options would be tendon
transfer as is usual for foot drop reconstruction.

20.4.1 UpperLimb

The shift to limb sparing surgery has been discussed earlier. Sarcoma of the upper
limb faces some unique challenges largely due to the complex, functionally critical
muscular and neurovascular structures that are in the resection. The role of recon-
struction of upper limb has a large emphasis on functional restoration, and careful
assessment of the resected structures and the residual function needs to be consid-
ered when reconstructive options are considered.

The application of general principles still applies in any defect, and a wide range
of reconstructive options are available for coverage of the defect and reconstruction
of the lost function [11, 18-25].

1. Arm

Elbow function. When sarcomas on the flexor or extensor surface of the arms are
excised, the two most common flaps that are used to restore and reconstruct their
functions are gracilis muscle and latissimus dorsi muscle. Latissimus dorsi flap can
be transferred as a pedicle flap while maintaining its blood supply from the thora-
codorsal vessels. The nerve supply can either remain as the thoracodorsal nerve or
can be re-coaptated to the recipient nerve in the arm. The advantage of re-coaptation
to the recipient nerve is the minimal requirement of patient training to initiate the
action; however, the disadvantage is that the coaptation will be performed to an
irradiated recipient nerve. Both gracilis muscle and latissimus dorsi can also act as
a space filler, and the myofasciocutaneous flaps are excellent for skin recruitment
and aesthetics of the defect.

2. Forearm and hand

Wrist/finger function. Resection of sarcoma from the forearm will often involve
resection of muscle, tendons and neurovascular structures. Degree of functional
deficit will depend on the location of the sarcoma, type of tumour and patient’s body
habitus and age.

In the reconstruction of the sarcoma of the forearm or hands, dead space becomes
less of an issue, and functional reconstruction is often the most important factor to
consider.

A variety of reconstructive techniques are available, and the surgeon will need to
assess the defect and deficient function to determine the most suitable



20 Soft Tissue Reconstructions After Sarcoma Resection 331

reconstructive technique. When flexor tendons in the forearm are resected, some
tendons do not need reconstruction. In some where there are remaining functioning
tendons, tenorrhaphy can be performed to allow the tendons to function as a bulk
mover, or a vascularised or non-vascularised tendon graft can be used in conjunc-
tion with a fasciocutaneous flap. If a large portion of tendon-muscular unit is miss-
ing, it can be reconstructed with a gracilis or latissimus dorsi flap depending on the
size of defect and requirement of pedicle and nerve length.

In a setting where nerve is resected together with the tumour, depending on the
location of the nerve and the function it serves, several reconstructive options are
available. Tendon transfers can be performed when a suitable tendon is available
and if the functional recovery of the transfer is superior compared to other recon-
structive options. For example, if the radial nerve needs reconstruction, tendon can
be a simple and reliable reconstruction for the patient. If the nerve is a sensory nerve
or if the nerve defect is close to the motor unit (point of muscle innervation), the
nerve defect may be managed with cable nerve grafts. The alternative option will be
nerve transfer or functional reconstruction with an innovated muscle flap. Again,
each detail needs to be assessed by an experienced surgeon and the reconstructive
decision made. In cases where tendon graft, tendon transfer, nerve graft and nerve
transfer are performed, the defect will most always need a fasciocutaneous free flap
to reconstruct the skin defect.

20.5 Common Flaps

Common flaps are listed below. This is certainly not the full list of flaps utilised at
our institution but a list of common choices that allows to achieve our goal of
reconstruction. It is important to have a wide range of flap options and be flexible
and detailed in flap design in order to address the needs of the defect and the
patient.

— Propeller styled perforator flap.
— Gracilis flap.

— Anterolateral thigh flap (ALT).
— Latissimus dorsi flap.

— Rectus abdominis flap.

— Parascapular flap.

20.6 Propeller Flap or Regional Fasciocutaneous
Perforator Flaps

The concept of ‘propeller flap” was defined in 1991 by Hyakusoku and others as
a local fasciocutaneous flap skeletonised and completely islanded on a single per-
forating vessel and transposed or rotated 180° like a propeller into the defect
[26-28].
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Fig.20.3 Propeller flap reconstruction

20.6.1 Application in Sarcoma Reconstruction

Propeller flap design (Fig. 20.3) is suited for superficial defects that are small to
moderately sized [26]. It is particularly useful in cases that have received neo-
adjuvant radiotherapy by transposing a piece of well-vascularised non-irradi-
ated adjacent skin into the irradiated defect and allowing dermis to dermis
closure. It achieves several reconstructive principles by replacing like for like,
promote healing with a vascularised tissue and minimise donor morbidity
[29-33].

20.6.2 Latissimus Dorsi Flap

20.6.2.1 History

The latissimus dorsi flap is commonly used for reconstructive surgery owing to its
long reliable pedicle and possibility to raise large area of muscle, myocutaneous
or osteomyocutaneous pedicle or flaps. The latissimus dorsi was first described by
Tansini in 1906 for coverage of an extensive mastectomy defect.
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Fig. 20.4 The innovative role of latissimus dorsi free and rotational flaps for soft tissue
reconstructions

20.6.3 Application in Sarcoma Reconstruction

Latissimus dorsi flap is a versatile workhorse flap in sarcoma reconstruction attrib-
uted to the size of the flap, the reach of the flap and the functional reconstruction
capabilities [34, 35] (Fig. 20.4).

20.6.3.1 FreeFlap

It is ideal for large defects and defects with large dead space. The size of skin paddle
is limited by the tissue laxity to allow direct closure. Direct skin closure of the donor
site is always preferable since skin graft on the back often results in prolonged heal-
ing and bad scarring. When in-setting a large latissimus dorsi flap, it is worth
remembering that the most distal muscle and skin are often not well perfused; there-
fore it would be best to avoid using that portion of the flap to cover critical structures
such as metal plates or vessels.

20.6.3.2 Local Flap

With the dominant vascular pedicle at one end of the flap (tendinous insertion), this
allows the flap to have a great reach to defects on the anterior chest wall, shoulder
and posterior arm. To minimise donor morbidity or reduce the bulk of the flap, the
skin paddle can be designed over the anterior border by taking only the anterior 1/4
to 1/3 of muscle to ensure perfusion to the skin paddle.
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20.6.3.3 Functional Reconstruction
One of few expendable muscle flaps, it is also the most commonly used flap for free
functional muscle transfer at our institution. Harvested with the motor nerve to latis-
simus dorsi, it is used for anterior or posterior thigh partial or total compartmentec-
tomy. To gain maximal power and excursion, it is our practice to align the muscle
fibres of the flap by rolling it into a tubular structure (Fig. 20.4).

As a pedicle flap, it can also be utilised as a functional muscle transfer for biceps
or triceps muscle defects.

20.6.4 Gracilis Flap

20.6.4.1 History
The use of the gracilis muscle in reconstructive surgery was first described in 1952. In
1990, O’Brien was the first to describe gracilis for functional free muscle transfer [36].

20.6.4.2 Application in Sarcoma Reconstruction
The gracilis can be used as a muscle or myocutaneous flap. The reliable anatomy
allows safe harvest and donor morbidity is minimal [37—-40].

1. Functional muscle transfer
The anatomy of the flap makes it ideal choice of flap for functional recon-
struction. The vascular pedicle and motor nerve are closely related to each other,
and tendinous part allows secure insertion, commonly utilised for functional
reconstruction of biceps, triceps defects or anterior compartment of lower leg.
2. Local flap
Commonly used as a secondary flap to reduce dead space for defects around
proximal thigh or perineal region.
It is used on occasion as tendon transfer to replace vastus medialis.

For medical thigh defects where primary closure is considered, gracilis flap is
frequently used.

20.6.5 Parascapular/Scapular Flaps

20.6.5.1 History

Manchot first described the perforators from the circumflex scapular artery emerg-
ing from the triangular space similar to spokes of a wheel [41]. Nassif et al. from
France, in 1982 made use of the vertical branch of the superficial circumflex scapula
and described the parascapular flap [42].

20.6.5.2 Application in Sarcoma Reconstruction

Parascapular flap is a fasciocutaneous flap that is well suited for a superficial defect
of some thickness. It can be raised as local flap or free flap with very little donor
morbidity [43, 44].
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20.6.5.3 Local Flap

It is ideal for upper posterior trunk defects, posterior shoulder defects and proximal
deltoid defects. This can be designed as a propeller flap or transpositional flap. The
pedicle is sandwiched by dense fascia and needs to be released adequately to allow
twisting of the flap.

20.6.5.4 FreeFlap

It is also a good alternative fasciocutaneous flap that is thicker in composition than
a radial forearm flap or groin flap but can often be thinner than ALT flap in some
individuals. It also avoids re-positioning if the patient is in prone/lateral position.
The reach of the pedicle however is shorter, so it is best to have selected the recipi-
ent vessel prior to harvesting this flap.

20.6.6 Anterolateral Thigh Flap

20.6.6.1 History
The anterolateral thigh (ALT) flap, first described by Song et al. in 1984, has become
a workhorse flap for local and distant reconstruction [45].

20.6.6.2 Application in Sarcoma Reconstruction

The ALT is one of the most commonly used flaps. It is a large versatile flap that can be
‘custom’-made to fit variety of defects to allow primary wound healing, obliteration of
dead space and functional restoration and has minimal donor morbidity [46-49].

20.6.6.3 Free Flap

This is often the flap of choice for large superficial defect. The long pedicle allows
better reach to recipient vessels, and the fascia enables additional closure of critical
structures such as the plates, vessels or bone. Multiple tissue composition can be
included with this flap on the same pedicle to meet the reconstructive need. Some
examples are:

— Taking the sensory nerve with the skin paddle to reconstruct areas where protec-
tive sensation is important, e.g. sole of the foot.

— Taking larger amount of skin and subcutaneous fat, de-epithelised and used to
obliterate dead space.

— Taking the fascia lata for tendon reconstruction.

— Using the descending branch of lateral circumflex femoral vessels to restore vas-
cular supply as part of a flow through design.

20.6.6.4 Pedicle Flap
The long pedicle makes this flap ideal for regional defects. Common uses of a ped-
icle ALT flap are:

— Harvesting large sheath of fascia lata in lower abdominal wall reconstruction,
adding further strength to mesh repair.

— Proximal 1/3 medial thigh defects.

— Defects over the hip/lower buttock.
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Sarat Chander, Catherine Ngan, and Peter F. M. Choong

One of the challenges of managing bone and soft tissue sarcomas is their propensity
for hematogenous dissemination, which carries significant mortality. Sarcomas pre-
dominantly metastasise to the lungs, although subtypes such as myxoid/round cell
liposarcomas and visceral sarcomas tend to spread locally or to the retroperitoneum
and spine [1]. Advanced, metastatic sarcoma is generally incurable, with studies
reporting survival in the range of 12 to 19 months [2—4]. In this setting, the philoso-
phy of treatment is to diminish symptoms and maintain a good quality of life for as
long as possible. This is particularly important with advanced disease where the
symptom burden at the end of life may be substantial requiring expert multidisci-
plinary palliative care strategies [5]. As such, careful consideration of treatment
modalities and timing of therapy can provide effective disease and symptom control.

Metastatic sarcoma can be recognised at the time of diagnosis, or it may eventu-
ate after treatment of the primary tumour. The incidence of metastatic disease on
presentation is approximately 10%, of which 80% is pulmonary metastases [6].
25% of patients develop distant metastases after successful treatment of the original
tumour at 2 years of follow-up, with a higher incidence in tumours with poor
prognostic factors as defined by size, grade and histologic subtype [7, 8]. Increased
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tumour size is associated with metastatic potential; the incidence of metastases is
40% in patients with tumours greater than 5 centimetres [9, 10]. Tumour grade is an
independent predictor of distant metastases as well as survival for certain histologic
subtypes, including malignant fibrous histiocytoma, leiomyosarcoma and liposar-
coma [11-13]. Specific subtypes are also known to be highly metastatic, such as
leiomyosarcoma, synovial sarcoma, neurogenic sarcoma, rhabdomyosarcoma and
epithelioid sarcoma [8, 14].

The principle of managing metastatic sarcoma is to maintain quality of life while
balancing any side effects of palliative treatment. Therapeutic options include
watchful waiting, local therapy and systemic therapy. Watchful waiting may be suit-
able for indolent subtypes and is guided by symptom progression. Local therapies,
such as radiotherapy and surgery, can be offered to control symptomatic or rapidly
progressive disease. Chemotherapy is a final consideration, as most subtypes tend to
be resistant to treatment. It can, however, be effective for certain tumours and con-
tribute to substantial improvement in survival.

21.1 Radiotherapy

Radiotherapy is an effective modality for achieving local disease control and
should be considered in symptomatic metastases. It is frequently used to palliate
painful bony lesions, haemoptysis from pulmonary metastases and neurologic
symptoms and signs from spinal cord compression [15-17]. An Australian pat-
terns-of-care study for advanced soft tissue sarcoma showed that about 37% of
patients with advanced sarcoma required radiotherapy for palliation of symp-
toms [18].

Targeted radiotherapy is a versatile technique that can be applied to patients unfit
for surgery and can treat inoperable disease with effective symptomatic response in
80 to 90% of cases [19, 20]. When delivered as stereotactic ablative radiotherapy, it
has been shown to be particularly effective in treating pulmonary and spinal metas-
tases [21-24]. Treatment is relatively convenient for the patient, as it is administered
as a short course over days to weeks without requiring inpatient hospital stay. Side
effects to the skin (redness and irritation) can be minimised with modern radio-
therapy regimens, and systemic effects are minimal.

A variety of dose and fractionations are used such as from 8 Gy in 1 fraction,
20 Gy in 5 fractions, to 30 or 36Gy in 10 or 12 fractions. For inoperable primary
sarcomas of the soft tissue and bone, a more protracted course maybe used such as
50 to 70Gy in 20 to 35 fractions to maximise chances of durable local control and
symptom relief. Local control at critical metastatic sites is an important consider-
ation even in the face of widely spread disease given the relatively longer survival
of some patients with metastatic sarcoma, such as those with myxoid liposarcoma
and leiomyosarcoma. Stereotactic body radiotherapy (SBRT) may offer an advan-
tage of short course (1-2 treatments) and more durable local control at these critical
sites, such as the spine [25].
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21.1.1 Treatment of Oligometastasis

Hellman and Weichselbaum in 1995 first introduced the concept of oligometastasis
to describe the state in which the number and sites of systemic spread are limited
[26]. Two clinical groups characterise oligometastasis, namely, those with subclini-
cal metastatic disease and those with such limited metastatic disease that cure may
be contemplated if the disease can be eradicated. The clinical implication of this
hypothesis for the latter group is that locally extirpative or ablative treatments may
be effective in prolonging survival in these patients with small numbers of metasta-
ses and perhaps curing a few. In this regard, ongoing survival in patients with mini-
mal metastatic disease has been reported where the disease was amenable to
resection.

21.1.2 Stereotactic Body Radiotherapy

Many subtypes of bone and soft tissue sarcomas are often considered relatively
unresponsive to conventional treatment modalities such as chemotherapy and radia-
tion therapy. This has led to surgery being the primary modality of local ablation.
However, with the evolution of radiotherapy planning and delivery techniques, ste-
reotactic body radiotherapy (SBRT) using highly conformal image-guided tech-
niques has increased the efficacy of radiation therapy. Bauman et al. in their recent
publication propose stereotactic body radiotherapy as an equivalent alternate to sur-
gery for oligometastatic sarcoma [27]. Yu et al. also propose stereotactic radiother-
apy could have similar outcomes as surgery for pulmonary metastasis from
osteosarcoma [28]. Yamada’s group at the Memorial Sloan Kettering Cancer Center
in New York [22] have published on their experience of specifically treating spinal
metastasis from sarcoma with stereotactic body radiotherapy. Their series which
includes 88 patients with 120 sites of spinal metastasis is the largest published series
to date. At 12 months local control was 87.9%, and overall survival was 60.6% with
a median survival time of 16.9 months. They updated their data recently and found
isolated local failure in treated area or adjacent spine extremely rare [29].

21.2 Surgery

Surgery in the setting of metastatic sarcoma can be performed with curative or pal-
liative intent. Curative resection is rare and generally refers to the complete removal
of disease in patients with oligometastatic tumours. This may be considered in the
setting of isolated lung disease, where pulmonary nodules can be entirely resected
with adequate respiratory reserve and the primary disease is controlled or control-
lable [30-33]. However, the impact of local surgery on survival after metastatic
disease outside of the lung remains controversial. Notwithstanding, the limited
studies do suggest that good local control does influence survival and this seems to
be best seen after resection of oligometastases to lymph nodes [34, 35] and bone [36].
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More commonly, surgery is used to achieve local disease control in the palliative
setting. In this regard, the surgical intent is focused on improvement of quality of
life and symptom control. Removal of resectable disease can rapidly manage local
complications from locoregional metastatic spread, such as ulceration, bleeding,
pain and malodour [37]. In the setting of bony metastases, fixation of pathological
fractures and impending fractures offer symptom relief and preservation of limb
function [38—41]. In this circumstance, the predicted survival from multiple bone
metastases may be well compensated by the protection afforded by prophylactic
fixation which is known to be durable for treating bone metastases in the short to
medium term [41, 42]. In exceptional instances, palliative amputation of an extrem-
ity with fungating growth, intractable pain and loss of function may be the final
option [43, 44]. The caveat to all surgical interventions is that the patient must be
medically appropriate for an operation, post-operative recovery is relatively slow,
and wound healing can be impaired from prior chemotherapy or radiotherapy
[45-47].

21.3 Chemotherapy

While the combination of neoadjuvant chemotherapy and surgery has been
highly effective for certain primary bone sarcomas, the effectiveness of systemic
therapy for treatment of metastatic sarcomas is low, with a response rate that
ranges from 0 to 50% depending on subtype [48, 49]. Moreover, limitations to
systemic therapy are its general toxicity (hair loss, mucositis, neurotoxicity, bone
marrow toxicity) [50]. Suitable chemotherapy regimens vary based on histologic
type, with anthracyclines and alkylating agents (doxorubicin and ifosfamide),
gemcitabine with taxanes or dacarbazine and dacarbazine alone being the main
therapeutic options.

Notwithstanding, metastatic sarcomas, which often comprise the higher-
grade and more aggressive phenotypes, make excellent candidates for novel
approaches with newer agents as these tumours manifest some levels of chemo-
sensitivity. Targeted therapy may be considered for certain subtypes such as
dermatofibrosarcoma protuberans (DFSP), perivascular epithelioid cell tumours
(PEComas) and alveolar soft-part sarcoma (ASPS) [51-53]. Emerging therapies
now include small molecule, receptor inhibitors and immune modulators,
amongst others, and these may be effective in combination with the above-men-
tioned local treatment strategies and particularly if the subtype is susceptible to
the agent [54].

The combination and timing of the above therapeutic options must be individu-
alised to the patient. Metastatic sarcoma is a largely incurable disease, and treatment
must be titrated to the patient’s experience. In addition to medical management, it is
important to employ a multidisciplinary approach to patient care, including social
and psychological support, physiotherapy, specialist palliative care and involvement
in cancer support groups and community services.
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