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XX Annual Meeting on 

Evidence Based Management of Cancers in India 

Musculoskeletal Oncology – Current Practices & 

Bridging the Gaps! 

 

Preface 

 

Tata Memorial Centre has pioneered the cause of EBM in 

oncology in India and has been conducting the annual 

meeting on EBM in common cancers for the past nineteen 

years. The 20th conference on Evidence Based 

Management of Cancers in India- ‘EBM 2022’ is being 

held virtually from 17th to 20th and 24th to 27th February, 

2022. Each year renowned international and national 

faculty discuss and debate different aspects of cancer 

care and we collate and publish the best available 

evidence in the form of the ‘EBM book’ which is easily 

accessible on our official website. The EBM meeting helps 

busy clinicians from all over the country and overseas to 

get updated on the best available evidence in oncology in 

a span of 2-3 days, thereby translating into better overall 

patient care.  

This three-day meeting is planned to provide an evidence 

based update on the management of common bone and 
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soft tissue tumors while also seeking to provide the best 

available evidence for various unresolved and evolving 

gaps in musculoskeletal oncology care. The meeting also 

includes discussions on established and evolving 

evidence related to fibromatosis, some rare and evolving 

histologic subtypes, diverse interventional radiology 

ablative procedures, particle therapy, and newer technical 

advances prevalent in musculoskeletal oncology. 

The related EBM book aims to address the management 

of these complex lesions taking into account the advances 

in various specialties and their applicability in the Indian 

scenario. The purpose of this book is to act as a ready 

reference in the clinic thus serving as  a useful tool for 

practicing oncologists. 

 

 

Prof R A Badwe, Director,  

Tata Memorial Centre 
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This booklet briefly outlines the recent updates 

regarding current evidence for the management of 

musculoskeletal sarcomas and the treatment 

algorithms currently followed by the Tata Memorial 

Centre – Bone & Soft Tissue Disease Management 

Group (BST - DMG) 

 

 These treatment algorithms for musculoskeletal 

sarcomas represent the current practices of the Tata 

Memorial Centre – Disease Management Group based 

on available evidence 

 These updates are not intended to be a comprehensive 

review for treatment of these complex lesions  

 These treatment algorithms suggest pathways that can 

be implemented with individual physician/institution 

modifications if desired 

  As these treatment algorithms are based on evidence 

that is continually evolving, they require periodical 

review and revision 
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A sarcoma once diagnosed should be referred to an 

identified “tumor treatment” center with the requisite 

multidisciplinary facilities for the integrated care of these 

lesions.  

 

Treatment schedules involving multidisciplinary care as 

indicated are planned. Chemotherapy and radiotherapy 

are important components of the treatment and should be 

carried out by appropriate specialists and not by the 

surgeon.   

The patients should undergo definitive resection of their 

sarcoma by a surgeon trained in orthopaedic/ surgical 

oncology with the adequate infrastructure available to 

handle these complex resections and reconstructions. 

Such facilities would include ready availability of allied 

specialties such as a plastic surgeon, vascular surgeon 

and occasionally a general surgeon and urosurgeon in 

case of pelvic tumors. A well-stocked blood bank and an 

adequately equipped intensive care unit are also 

necessary. 

Continuing adjuvant therapy (chemotherapy /radiotherapy) 

as indicated after surgery is critical to ensure overall 

disease control and patients must be explained the 

importance of the same.  

Surveillance after therapy at regular intervals is important.  
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CURRENT EVIDENCE UPDATES  

IMAGING FOR DIAGNOSIS / STAGING / RESPONSE 

ASSESSMENT IN MUSCULOSKELETAL SARCOMAS 

 

Role of dynamic contrast (gadolinium) imaging in 

bone tumor diagnosis (OGS, Ewing sarcoma) and 

post treatment assessment on MRI 

 Routine use of gadolinium contrast agents is not 

required for bone tumor diagnosis. However, in some 

cases, contrast may guide the site for biopsy by 

depicting solid enhancing areas.  

 Dynamic contrast MRI is useful in post treatment 

evaluation for assessing response to treatment and in 

differentiating viable tumor from post treatment 

changes. 

Level III evidence 
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Role of PET – CT versus conventional staging in bone 

and soft tissue tumors 

 PET-CT is recommended as a one stop staging 

modality in Ewing sarcoma. It can obviate an invasive 

bone marrow biopsy which is no longer required for the 

staging of Ewing sarcoma as it does not influence the 

standard of care management. 

 Though PET-CT has added value over conventional 

imaging for staging of other bone and soft tissue 

sarcomas, its role in routinely replacing conventional 

staging methods is debatable considering its availability 

and cost implications. Further prospective multi-center 

evaluation of PET-CT is warranted to determine the 

actual predictive value and cost-effectiveness of PET-

CT in directing clinical management of clinically complex 

and heterogeneous high-grade sarcomas. 

Level III evidence 
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Role of diffusion weighted (DW) whole-body (WB) MRI 

as an alternative to FDG-PET CT for post therapy 

response assessment in paediatric bone and soft 

tissue tumors 

 Sensitivity and specificity of WB-MRI using DW imaging 

is comparable to PET-CT for response evaluation in 

paediatric tumors.  

 Hence, barring some paediatric patients in whom long 

scanning time may be an issue, WB-MRI can be a 

suitable alternative to PET-CT, especially where 

repeated scanning is essential recognizing the issues 

with radiation and the risk of secondary malignancies in 

paediatric patients. 

Level III evidence 
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Diagnostic challenge - Differentiation of enchondroma 

from low grade chondrosarcoma and low grade 

from high grade chondrosarcoma on imaging  

 

 Imaging diagnosis of grade 1 chondrosarcoma still 

remains a diagnostic challenge. Features that favour 

grade 1 chondrosarcoma are pain and deep endosteal 

scalloping, multilocular appearance on contrast-

enhanced T1-weighted images, cortical destruction, a 

soft tissue mass, adjacent bone marrow and soft tissue 

abnormal signal and an involvement of the epiphysis or 

flat bone. 

 While histopathology remains the gold standard, 

differentiation of low grade from high grade 

chondrosarcoma on imaging is feasible in majority of the 

cases with soft tissue mass formation favouring the 

diagnosis of high grade chondrosarcoma, and 

entrapped fat within the tumor highly indicative of low 

grade chondrosarcoma. 

 Level III evidence 
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Role of quantitative and semi quantitative dynamic 

contrast enhanced MRI in differentiating benign 

from malignant soft tissue tumors and grading of 

soft tissue sarcomas 

 

 Differentiation of benign from malignant soft tissue 

tumors and prediction of grade of soft tissue sarcoma 

though possible using dynamic contrast enhanced MRI 

is still not validated. A randomized control trial is 

required before advocating routine use. 

Level III evidence 
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Staging and Surveillance of Myxoid Liposarcoma 

 Unlike other sarcoma subtypes, myxoid liposarcoma 

has a propensity for extra-pulmonary metastases. 

 CT scan and bone scan underestimate the presence of 

metastasis. MRI is advisable for staging and 

surveillance of myxoid liposarcoma as early metastasis 

seen within the bone marrow are best detected on MRI.  

Level III evidence 
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UPDATES FROM - 2020 WHO CLASSIFICATION OF 

SOFT TISSUE AND BONE TUMORS 

[Reference: WHO Classification of Tumors Editorial 

Board. Soft tissue and bone tumors. Lyon (France): 

International Agency for Research on Cancer; 2020. 

(WHO classification of tumors series,5
th

ed; vol.3] 

OSTEOSARCOMA 

 The 2020 WHO classification of soft tissue and bone 

tumors has combined the small cell and telangiectatic 

osteosarcomas as variants of osteosarcoma, rather than 

different entities. A diagnosis of an osteosarcoma is 

based on the morphologic assessment along with 

correlation with the clinical and radiological image 

findings. 

 SATB2 (special AT-rich sequence-binding protein 2) is 

an immunohistochemical antibody marker for 

osteoblastic differentiation. It is sensitive, but not 

specific marker, and is expressed in both, benign and 

malignant tumors with osteoblastic differentiation. Its 

utility is limited to certain diagnostic scenarios, such as 

distinction between hyalinized collagen and osteoid; and 

in some cases where the differential diagnoses are 

small cell osteosarcoma and Ewing sarcoma. 
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EWING SARCOMA 

 Molecular techniques have enabled to define 

undifferentiated round cell sarcomas of bone and soft 

tissue into four subtypes. The term Ewing-like sarcoma 

is not acceptable: 

Ewing sarcoma 

Ewing sarcoma is defined as a small round cell sarcoma 

characterized by fusions between FET family of genes 

(invariablyEWSR1) with ETS family of transcription 

factors(EWSR1-FLI1of EWS-ERG) in most cases.  

Essential criteria for diagnosing Ewing sarcoma are the 

combination of the clinical scenario, imaging picture and 

the characteristic small round cell morphology, with diffuse 

membranous expression of CD99. In selected cases, it is 

desirable to test for the fusion studies for confirmation. 

Round cell sarcoma with EWSR1-non-ETS fusions 

These tumors comprise round to spindle cell sarcomas 

that involve fusions betweenEWSR1or FUS with partners 

not belonging to the ETS family of genes. These include 

EWSR1-NFATC2 and EWSR1-PATZ1fusion-positive 

sarcomas, and are invariably characterized by an 

aggressive clinical course. 
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CIC-rearranged sarcoma 

The CIC-rearranged sarcoma is characterized by an 

underlying t (4;19) or t (10;19) translocation. These tumors 

show rearrangement of CIC (capicua), most commonly as 

a gene fusion with DUX4 and in rare cases, with other 

fusion gene partners, such asFOXO4 and NUTM1. With 

better understanding of the clinical spectrum and 

outcomes, these tumors have now been classified as a 

distinct clinical entity and not clubbed with the broad non-

EWSR1 rearranged tumors. Immunohistochemically, 

these tumors express WT1 and ETV4, which are useful 

antibody markers to triage such cases for molecular 

testing of these rare tumors. These tumors are associated 

with aggressive clinical course and frequent metastases, 

with poor response to chemotherapy for Ewing sarcoma. 

Sarcoma with BCOR genetic alterations 

Another molecular subtype of undifferentiated round cell 

sarcoma is sarcoma with BCOR-genetic alterations, 

including BCOR-CCNB3 fusions and BCOR-ITD (internal 

tandem duplications). The other fusion partners described 

are MAML3and ZC3H7B. The sarcomas withBCOR-

CCNB3fusionshow 5-year survival rates similar to Ewing 

sarcomas, especially in appendicular sites and  respond to 

chemotherapy offered in cases of Ewing sarcoma. 
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CHONDROSARCOMA 

 The term “atypical cartilaginous tumor” was introduced 

in the earlier fourth edition of the WHO Classification of 

soft tissue and bone tumors. It is recommended to use 

the term “atypical cartilaginous tumors” for tumors which 

are located in the appendicular skeleton, more suitable 

for a complete resection or surgical curettage.  

 Tumors located in the axial skeleton, including the 

pelvis, scapula and base of skull are designated as 

chondrosarcoma grade 1 and warrant a wide resection.  
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Certain entities that have been removed from the 

recent WHO fascicle are fibrous histiocytoma of 

bone and liposarcoma of bone. On the other hand 

hibernoma of the bone has been included in the 

recent fascicle. 
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SOFT TISSUE SARCOMAS 

 The recent 2020 WHO classification of soft tissue and 

bone tumors recognizes few new tumor types that were 

not classified separately earlier. There has been an 

attempt to develop “Essential” and “Desirable” 

diagnostic criteria for the various disease entities. 

 The following table enlists some of the new soft tissue 

tumor types that have been described in the current 

2020 classification. 

Category Tumor type Relevant 

observations 

Adipocytic 

tumors 

Atypical 

spindle/pleomor

phic lipomatous 

tumor 

Benign; may 

recur locally. 

Lack MDM2 gene 

amplification 

Myxoid 

pleomorphic 

liposarcoma 

Rare; aggressive. 

Children, young 

adults with 

predilection for 

mediastinal 

location. Lack 

MDM2 

amplification and 
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Category Tumor type Relevant 

observations 

FUS/EWSR1-

DDIT3 fusions 

Fibroblasti/ 

myofibroblastic 

tumors 

Angiofibroma of 

soft tissue 

Benign; AHRR-

NCOA2 fusion 

seen in 60-80% 

cases 

EWSR1-SMAD3 

positive 

fibroblastic 

tumor 

(emerging) 

Benign; has 

proclivity for 

hands and feet 

provisional 

terminology; 

shows diffuse 

ERG immune-

staining, negative 

for SMA and 

CD34 

Superficial 

CD34-positive 

fibroblastic 

tumor 

Skin  and 

subcutis; nuclear 

pleomorphism 

without increase 

in mitosis/ 

necrosis; 
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Category Tumor type Relevant 

observations 

intermediate 

biologic potential, 

diffuse CD34 

immuno-staining, 

variable 

pancytokeratin 

(AE1/AE3) 

immunostaining, 

PRDM1 gene 

rearrangement 

Vascular 

tumors 

Anastomosing 

hemangioma 

 

 

Epithelioid 

hemangioendoth

elioma with 

YAP1-TFE3 

fusion 

Mostly 

retroperitoneal 

soft tissues, show 

features of 

sinusoidal and 

hobnail 

hemangioma 

A Small subset 

showsYAP1-

TFE3 fusion, 

distinct from 

those driven by 
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Category Tumor type Relevant 

observations 

WWTR1-

CAMTA1 fusions. 

Display TFE3 

immunostaining. 

Smooth muscle 

tumors  

Inflammatory 

leiomyosarcoma 

 

Rare, low grade 

sarcoma with 

favourable 

outcome; young 

adults; soft tissue 

of extremities & 

trunk. Dense 

inflammatory 

infiltrate 

obscuring tumor 

cells. Need to 

differentiate from 

inflammatory 

myofibroblastic 

tumor, 

dedifferentiated 

liposarcoma, 

idiopathic 
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Category Tumor type Relevant 

observations 

retroperitoneal 

fibrosis and IgG4-

related disease 

Epstein-Barr 

virus (EBV)- 

associated 

smooth muscle 

tumors 

Immune 

suppression 

setting; behaviour 

variable from 

benign to 

malignant; low 

grade cytological 

features. 

Detection of EBV-

encoded RNA by 

in-situ 

hybridization is 

useful 

Tumors of 

undifferentiated 

differentiation 

NTRK-

rearranged 

spindle cell 

sarcoma 

(emerging) 

Monotonous 

spindle cell 

morphology, with 

co-expression of 

S100 P and 

CD34. Unlike 
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Category Tumor type Relevant 

observations 

MPNST, show 

retention of 

H3K27me3 on 

IHC and positive 

staining with pan-

TRK monoclonal 

antibody. 

Detection of 

NTRK-fusions is 

mandatory for 

systemic therapy. 

Prognosis 

depends on 

grade; criteria for 

malignancy not 

well established 

 Grading of dedifferentiated liposarcoma into low grade 

and high grade has been included in the 2020 

classification owing to the adverse prognostic impact 

seen in the high grade tumors, as well as the cases 

showing myogenic differentiation. 
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 The NAB2-STAT6 fusion is considered pathognomic for 

the diagnosis of solitary fibrous tumor. The same can be 

detected on IHC by the use of the STAT6 antibody, 

which acts as a surrogate marker for the fusion 

detection. A risk-stratification model described by 

Demicco et al has been incorporated to determine the 

risk for development of metastasis for solitary fibrous 

tumor incorporating the age of patient, tumor size, 

mitotic count and tumor necrosis. Accordingly, tumors 

can be stratified into low, intermediate and high risk. 

 The recent WHO classification also recognizes and 

incorporates recently identified genetic alterations in 

various types of soft tissue tumors, under the headings 

of fibroblastic/ myofibroblastic tumors, 

pericytic/perivascular tumors, vascular tumors, skeletal 

muscle tumors, peripheral nerve sheath tumors and 

certain tumors of uncertain differentiation. 

 Melanotic schwannomas have been designated as 

malignant melanotic nerve sheath tumors, in view of 

their aggressive clinical course. 
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Role of molecular diagnosis 

A multicentre observational diagnostic and therapeutic 

study by Italiano et al recruited 384 patients from 32 

centres of the French Sarcoma Group/Reference Network 

in Pathology of Sarcomas (GENSARC). Six cohorts of 

tumors were included namely dermatofibrosarcoma 

protuberans, dedifferentiated liposarcoma, Ewing 

sarcoma, synovial sarcoma, alveolar rhabdomyosarcoma 

and myxoid or round cell liposarcoma. The cases were 

first reviewed by a sarcoma-expert pathologist followed by 

molecular testing. The study documented change in the 

diagnosis for 53 patients (13.8%) owing to the molecular 

testing, resulting in alteration in the primary treatment 

protocol or prognostic implication for 45 patients (11.7%). 

The authors recommended mandatory molecular testing 

for diagnosis and accurate management of soft tissue 

sarcomas.  In another validation study, diagnosis of Ewing 

sarcoma preceding molecular testing was offered in 71% 

cases, based on morphology and immunohistochemical 

staining with MIC2/CD99.  

Level IV evidence 

 

 Morphology remains at the core of diagnosis. A 

judicious application of immunohistochemical markers, 
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with high sensitivity and specificity, especially those that 

act as correlates for underlying molecular alterations, 

such as STAT6 for solitary fibrous tumor, FOSB for 

pseudomyogenic hemangioendothelioma (as well as 

epithelioid hemangioma and osteoblastoma), can help 

in a more accurate diagnosis. 

 Molecular diagnostic techniques remain out of reach as 

a routine diagnostic modality for most resource-limited 

set ups owing to the considerable financial implications. 

In an ideal scenario, any tumor with potential 

therapeutic implication of a molecular alteration should 

be subject to the most sensitive and specific molecular 

testing. The rapid evolution of high throughput next 

generation sequencing provides a tempting probable 

solution to multiple genetic alterations being picked up 

by one single modality. 

 It is thus pertinent to be aware of the updated list of 

tumors with specific therapeutic implications in order to 

be able to diagnose and manage them appropriately. 
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CHORDOMAS: 

Two new variants or subtypes of chordomas have been 

described. These include poorly differentiated ad 

dedifferentiated chordomas, which are rare and 

aggressive tumors. The former type is mostly reported in 

paediatric patients and uncommonly in adults and is 

characterized by immunohistochemical loss of 

INI1/BAF47/hSNF5.  
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GIANT CELL TUMORS 

Histone H3 mutations in giant cell tumors (GCT) 

In 2013, Behtaji et al first demonstrated histone H3 

mutations in chondroblastomas and giant cell tumors 

(GCT), both epiphyseal based tumors. Histone specific 

mutational changes are seen even in cases post 

denosumab treated giant cell tumors. The mutation may 

be preserved or lost in cases showing malignant 

transformation of a GCT. Although, the vast majority of 

cases of GCT can be diagnosed with imaging results and 

histopathologic findings, the diagnostic utility of this 

specific mutation detection is in cases where 

differentiation of a GCT from its mimics, such as 

aneurysmal bone cyst with solid areas, is not clear. 

Histone mutations have not been detected in cases of 

aneurysmal bone cysts.  

 Detection of the H3F3A mutation constitutes a desirable 

diagnostic criterion for giant cell tumor of the bone in the 

current 2020 WHO classification of soft tissue and bone 

tumors.  
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CURRENT EVIDENCE UPDATES  

POST TREATMENT SURVEILLANCE 

There is limited published data supporting specific policies 

for follow-up of surgically treated patients. Relapses most 

often occur to the lungs. The risk assessment based on 

tumor grade, tumor size and tumor site may help in 

choosing the appropriate follow-up policy. Extended 

surveillance is necessary to identify and address potential 

late effects of surgery, radiation and chemotherapy for 

long term survivors. 

• Post treatment surveillance is an important component 

of sarcoma care with a theoretical possibility of 

improved patient survival with early detection of relapse 

given the therapeutic interventions available. 

• Currently, the appropriate frequency and mode of 

imaging during follow-up remain controversial with 

concerns about costs, exposure to radiation, and 

anxiety due to the detection of indeterminate lesions. 

• Strategies of surveillance after the resection of 

sarcomas remain variable and not evidence-based. The 

current clinical guidelines for the follow-up of patients 

with bone and soft-tissue sarcomas are based on low-



Page | 44  
 

quality evidence with only one published prospective 

randomized trial.  

Summary: The Trial for Optimal Surveillance in Sarcomas 

(TOSS) was a randomized non-inferiority trial designed to 

test the hypothesis “whether less intensive surveillance 

protocols would affect sarcoma patient survival”. The 

results of this study proved that a less intensive regimen 

(in terms of frequency of follow-up and modality of 

imaging) was non-inferior to a more intensive protocol for 

overall survival. Inexpensive chest imaging (CXR) at 6 

monthly intervals and patient education regarding local 

self-examination of the operated area would detect the 

majority of recurrences without deleterious effects on 

eventual outcomes. 

Data collected by the United States Sarcoma 

Collaborative (USSC), as part of a large multi-center study 

to evaluate the lung surveillance strategy in high grade 

soft tissue sarcomas (STS), showed that while presence 

of lung metastases remained an independent risk factor 

for worse overall survival and poor prognosis, the modality 

of lung surveillance had no effect whatsoever on the 

overall survival. Surveillance with CXR did not lead to 

false negative reporting of clinically relevant lesions. The 

study also demonstrated that a CXR-based protocol 
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resulted in considerable cost savings to the healthcare 

system. 

European Society for Medical Oncology (ESMO) 

guidelines (2021)  

For STS - 6 monthly for first 5 years and annually 

thereafter (for low grade); 3-4 monthly x 2 years, 6 

monthly x 3 years and annually thereafter (for 

intermediate/high grade). ESMO also recommends use of 

advanced imaging techniques such as MRI (LR) and CT 

chest (PM) for early detection of recurrences.  

For bone sarcomas (BS) - follow-up of high-grade BS 

could include physical examination, cross sectional 

imaging and plain radiograph of the primary site together 

with chest X-ray/CT scan, at intervals of approximately 

every 3 months for the first 2 years; every 6 months for 

years 3-5; every 6-12 months for years 5-10, and 

thereafter every 0.5-1-2 years. For low-grade BS, the 

frequency of follow- up visits may be lower (e.g., 6 

months) for 2 years and then annually). Long-term toxic 

effects of ChT, surgery and RT should be evaluated, and 

monitoring for late effects should be continued for >10 

years after treatment, depending on the protocol used. 
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National Comprehensive cancer network (NCCN) 

guidelines 2021  

Definitions of the NCCN categories for recommendations: 

• Category 2A: Based upon lower-level evidence, there is 

uniform NCCN consensus that the intervention is 

appropriate 

• Category 2B: Based upon lower-level evidence, there is 

NCCN consensus that the intervention is appropriate 

For STS – NCCN recommends risk stratification for 

surveillance purposes. Patients with larger, higher-grade 

tumors are subjected to a more intense follow-up regime. 

While ultrasonography (USG) is deemed reliable for small 

and superficial primary lesions (provided it is performed by 

a radiologist skilled in musculoskeletal imaging), NCCN 

advocates magnetic resonance imaging (MRI) with/without 

contrast CT scan for detecting LR. NCCN advocates 

getting a post-operative baseline MRI and chest 

radiographs or CT chest for follow-up of the lung. 

• The frequency recommended for Stage I sarcomas was 

3-6 monthly follow-ups for the first 2-3 years and 

annually thereafter [2A].  
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• For Stage II/III/IV (Metastatic), the frequency proposed 

was 3-6 monthly x 2-3 years, 6 monthly x 2 years and 

yearly thereafter [2A].  

For Bone sarcomas - NCCN recommends separate 

regimes for the most common tumors: 

• Osteosarcoma: Clinical and laboratory investigations; 

MRI + contrast CT + local x-ray (LXR) for LR; chest 

imaging (CT preferred over CXR for PM) at following 

intervals- 3 monthly x 2 years, 4 monthly x 3 years, 6 

monthly x 4-5 years and annually thereafter. PET-CT/ 

Bone scan can also be considered [2B]. 

• Ewing’s Sarcoma:  Clinical and laboratory 

investigations; MRI + contrast CT+ LXR for LR; chest 

imaging (CT is preferred over CXR for PM) at following 

intervals -2-3 monthly for 2 years, followed by increasing 

intervals up to 5 years and yearly subsequently 

(indefinitely, 2B). PET-CT can also be considered [2A] 

• Low grade chondrosarcoma: Clinical and laboratory 

investigations; MRI + contrast CT+ LXR for LR; chest 

imaging (CT is preferred over CXR for PM) at following 

intervals – as clinically indicated (preferably 6-12 

monthly) x 2 years and yearly after that [2A]. 

• High grade chondrosarcoma: Clinical and laboratory 

investigations; MRI + contrast CT+ LXR for LR – as 
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clinically indicated; chest imaging (CT is preferred over 

CXR for PM) at following intervals: 3 -6 monthly x 5 

years (may include CT at least 6 monthly for 5 years) 

and yearly after that till a minimum of 10 years [2A]. 

• Chordoma: Clinical and laboratory investigations; MRI + 

contrast CT+ LXR for LR - as clinically indicated; chest 

imaging at following intervals: 6 monthly x 5 years 

(including CT annually) and yearly after that for 10 years 

[2A]. 

• Giant cell tumor bone: Clinical and laboratory 

investigations; MRI + contrast CT+ LXR for LR - as 

clinically indicated; chest imaging 6-12 monthly for 4 

years and annually thereafter [2A]. 
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CURRENT EVIDENCE UPDATES - OSTEOSARCOMA 

Osteosarcoma, a primary malignant tumor in which the 

neoplastic cells produce osteoid matrix, is the most 

frequent primary cancer of bone. The majority arise in 

adolescence, but some are linked to other pathologies 

(Paget’s disease) occurring in the sixth and seventh 

decades of life. Conventional osteosarcoma, a high-grade 

malignancy, accounts for the majority of osteosarcoma. 

Other high-grade types are telangiectatic, small cell, and 

high-grade surface osteosarcoma. Low-grade central and 

parosteal osteosarcoma are low-grade malignancies, 

while periosteal osteosarcoma is an intermediate-grade 

osteosarcoma.  

SYSTEMIC THERAPY IN THE ELDERLY  

 In patients > 40 years, combination chemotherapy with 

doxorubicin, cisplatin and ifosfamide is preferred 

regimen.   

Level III evidence 

Summary: The optimal chemotherapy regimen for adults 

(>40 years) is not established with most systematic 

reviews limited to younger individuals. High-dose 

methotrexate was sparingly used in adults owing to slower 

clearance, the requirement for monitoring renal function 
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and toxicity including mucositis. Bacci et al reported 

outcomes of 34 patients aged between 40-60 years with 

primary high-grade osteosarcoma of the extremity treated 

with NACT. After a median follow-up of 8 years, DFS was 

57% and OS was 62%. This study highlighted the 

importance of NACT though a considerable number of 

patients had toxicities associated with chemotherapy. In 

another retrospective study by Iwata et al, from Japan, 86 

patients with age > 40 years were enrolled. Surgical 

treatment was performed in 73% (63) and chemotherapy 

was administered in 63% (54). The addition of 

chemotherapy did not have any impact on the outcome 

(yes 63.4 %; no 65.2 %;). Longhi et al from Italy reported 

outcomes of 43 patients older than 65 years, with a 

median age of 69 years. 68% had localized disease and 

32% had metastatic disease at presentation. 74% (32) 

received surgical treatment whereas, only 32% (14) 

received chemotherapy. Chemotherapy was not 

associated with improved outcomes. 

Our current institutional standard is a novel, OGS-12 

protocol developed in the medical oncology department, 

Tata Memorial Centre. It is a dose-dense, platinum based 

sequential doublet regimen without HDMTX which has 

shown efficacy and safety outcomes in treatment naive 
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patients of all age groups with both non-metastatic and 

metastatic osteosarcomas. In patients where 

administering a three drug regimen is not feasible owing to 

poor ECOG-PS and/or co-morbidities, a two drug regimen 

including Cisplatin and doxorubicin is administered. 
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RELAPSED / METASTATIC OSTEOSARCOMA  

 Patients at relapse may still be cured when recurrence 

or metastases are limited and amenable to surgery. 

      Level II Evidence 

 Surgery, combined with chemotherapy, can favorably 

influence the prognosis of carefully selected patients 

who have repeated lung recurrences.  

     Level II Evidence 

 Current practice in the systematic treatment of 

recurrent osteosarcoma, is based on double or triple 

cytotoxic agent regimens 

  Level II Evidence 

 Anti-angiogenesis tyrosine kinase inhibitors (TKIs) 

have been shown to prolong progression-free 

survival (PFS) in advanced osteosarcoma though no 

significant difference is noted in overall survival. 

  Level II Evidence 

 HDCT followed by peripheral blood autologous stem 

cell transplantation adds little benefit in metastatic 

relapse. 

  Level II Evidence 



Page | 57  
 

 The addition of liposomal muramyl tripeptide 

phosphatidylethanolamine (MTP-PE) does not improve 

survival in metastatic osteosarcoma. 

   Level II Evidence 

 RFA and stereotactic RT are potential alternative  

options in patients unfit for surgery and for small lung or 

bone metastases. 

Level IV Evidence 

Summary: More than 40% of all patients with 

osteosarcoma continue to develop local recurrence or 

distant metastatic disease after primary treatment within 

5 years, but more so in the initial 2 years. Pulmonary 

relapse occurs in 60–90% of cases, bone relapse in 10–

20%, local relapse in 10–20%, and other sites <10%. A 

relapse-free interval > 2 years correlates with better 

survival. The primary treatment is surgical in patients with 

isolated lung metastases or local recurrence. When a 

cure is no longer aimed, the effectiveness of palliative 

chemotherapy is not well defined. Any drug which is 

known to be active against osteosarcoma, and which was 

not used in first-line settings can be used in second-line 

settings. 
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POG 9450 trial showed around 60% objective response 

rate with high dose ifosfamide and etoposide induction in 

young patients having metastatic osteosarcoma (less than 

30 years).  Notably, patients with bone metastasis patients 

had 100% objective response and better survival than 

patients with lung metastasis. In the metastatic cohort of 

intergroup 0133 study, the addition of liposomal MTP-PE 

to chemotherapy did not achieve a statistically significant 

improvement in outcome. 

The activity of multikinase inhibitors in refractory 

osteosarcoma has been evolving in recent trials and their 

toxicities are manageable in young patients with good 

ECOG-PS. Sorafenib showed a 4-month PFS of 46% in a 

phase II trial. Combination strategies of TKI with other 

drugs have also shown promising results. Sorafenib with 

everolimus has shown 4-month PFS rates of 57% and a 6-

month PFS rate of 45% in a phase II trial. In a small 

randomized phase II study, Regorafenib was shown to 

have an 8-week PFS of 65% versus 0% for the placebo 

group. The results of Afatinib in a phase II open-label trial 

showed a high rate of objective response (43.2%), with 

almost the same PFS rate at 4 months (56.7%) as 

sorafenib plus everolimus and the same PFS rate at 6 

months (36.7%) as Regorafenib (35%). Immune 
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checkpoint inhibitors have shown little activity in 

metastatic or recurrent osteosarcoma. 

In an Italian Sarcoma Group study, carboplatin and 

etoposide followed by peripheral blood autologous stem 

cell transplantation, demonstrated a 3-year OS and DFS 

rates of 20% and 12%, which was similar to that 

achieved with the conventional chemotherapeutic 

approach. 
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TREATMENT ALGORITHM (BST - DMG) 

OSTEOSARCOMA 
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CURRENT EVIDENCE UPDATES - EWING SARCOMA 

Ewing sarcoma (ES) including primitive neuroectodermal 

tumor of bone/PNET is the second most common primary 

malignant bone cancer in children and adolescents, but is 

also seen in adults. The most frequent sites of 

involvement are the long bones and pelvis.   

CHEMOTHERAPY 

LOCALIZED EWING SARCOMA (chemotherapy) 

 Interval compressed VDC/IE is the new standard of care 

chemotherapy for patients with newly diagnosed ES 

showing improved EFS and OS compared to VIDE. 

    Level II evidence 

 Addition of newer agents has not improved outcomes so 

far.  

Level II evidence 

 

 For defined high risk subset of localized ES, addition of 

High Dose Chemotherapy (HDT) may improve 

outcomes. 

Level II evidence 

 

Role of additional agents and dose intensification 
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Summary: A Children's Oncology Group (COG) trial 

(AEWS0031), demonstrated improved efficacy of 

chemotherapy (vincristine, doxorubicin, cyclophosphamide 

alternating with ifosfamide, etoposide - VDC/IE) given 

every 2 weeks (interval compression with growth factor 

support) (5-year EFS rate of 73%) over every 3 weeks 

(standard) (5-year EFS rate of 65%, p =0 .048) with no 

increase in toxicity.  

Euro Ewing 2012 (EE2012) trial randomized patients to 

receive either VIDE (vincristine, ifosfamide, doxorubicin, 

etoposide) induction and VAI or VAC consolidation or 

interval compressed VDC/IE induction and IE/VC 

consolidation. The HRs were 0.70 for EFS and 0.64 for 

OS in favor of VDC/IE at a median follow-up of 1.7 years 

(early results). A second randomization tested the addition 

of zoledronic acid (ZOL) to maintenance therapy in 

patients with good risk localized ES. Interim results 

showed no benefit for addition of ZOL with increased 

toxicities in ZOL arm (p<0.05). 

A COG phase III trial AEWS1031, evaluating the addition 

of vincristine, topotecan and cyclophosphamide (VTC) to 

standard interval compressed VDC/IE did not show an 

EFS benefit in patients with newly diagnosed localized ES 

as per the preliminary results reported in 2019. 
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Role of High Dose Chemotherapy (HDT) and 

Autologous Stem Cell Transplant (Auto SCT) 

Summary: The role of consolidation high dose therapy 

(HDT) with busulfan and melphalan (BuMel) was 

evaluated in R2arm of Euro Ewing 99 (EE99) trial where 

patients with high-risk localized ES defined as poor 

histologic response after induction VIDE; or those with a 

tumor volume at diagnosis ≥200 mL if unresected, or 

initially resected, or resected after radiotherapy were 

randomized between BuMel or standard chemotherapy 

(VAI). The risk of event was significantly decreased by 

BuMel compared with VAI: HR, 0.64 (p =0.026); 3- and 8-

year EFS were, respectively, 69.0% versus 56.7% and 

60.7% versus 47.1%. However, the slow accrual led to 

premature termination of the study and hence the results 

need to be interpreted with caution. 
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METASTATIC EWING SARCOMA (chemotherapy) 

 Attempts to improve outcomes through changes in the 

chemotherapeutic drugs by addition or dose 

intensification have largely been unsuccessful in upfront 

metastatic disease. Standard chemotherapy backbone 

is therefore recommended  

Level III evidence 

 There is no added benefit of HDT with Auto SCT in 

isolated pulmonary metastases and disseminated 

extrapulmonary metastatic Ewing Sarcoma.  

Level II evidence 

Among patients with disseminated extrapulmonary 

metastases, High Dose Chemotherapy (HDT) may benefit 

patients with fewer adverse prognostic factors at 

presentation who attain complete response with induction 

chemotherapy prior to HDT and Stem Cell Transplant 

(SCT).  

Level III evidence 
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Role of additional chemotherapeutic agents and dose 

intensification 

Summary: In a phase II trial from the Pediatric Oncology 

Group, high dose alkylator therapy with topotecan or 

topotecan plus cyclophosphamide did not improve patient 

outcomes though there were better responses with 

topotecan and cyclophosphamide combination. Dose 

intensification of ifosfamide to 2.8 g/m2 per day for 5 days 

also showed no survival difference in metastatic Ewing 

sarcoma as was increasing the dose intensity of 

cyclophosphamide, ifosfamide, and doxorubicin which 

resulted in more acute toxicities and secondary 

malignancies. A frontline window therapy study with 

temozolomide and irinotecan in primary disseminated 

multifocal ES showed no change in EFS despite good 

response rates. 
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Role of High Dose Chemotherapy (HDT) and 

Autologous Stem Cell Transplant (Auto SCT) 

Summary: R2 arm of Euro Ewing-99 (EE99) investigated 

in a randomized fashion the role of HDT in isolated 

pulmonary metastases and showed no difference in 3-

year EFS rates (55.7% with BuMel vs. 50.3% with 

continued chemotherapy and whole-lung radiation 

therapy; p=0.21).  

R3 arm of EE99 studied the role of HDT with SCT 

following VIDE based induction chemotherapy in a 

nonrandomized fashion in the subset of patients with 

extrapulmonary metastases. Patients >14 years (hazard 

ratio [HR]-1.6), primary tumor volume >200 mL (HR-

1.8),>1 bone metastatic site (HR-2.0), bone marrow 

metastases (HR-1.6), and additional lung metastases 

(HR-1.5) fared poorly in this study.  EFS ranged from 10% 

to 50% (p<0.0001) based on the presence of above 

factors. Pre SCT remission status affected outcomes with 

3-year EFS rates of 57%, 32%, and 24% in complete, 

partial responses and stable or progressive disease 

(p=.017) respectively. 

Ewing 2008R3 evaluated the efficacy of add on treosulfan 

and melphalan (TreoMel) HDT with Auto SCT in patients 
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with metastases to bone and/ or other sites (excluding 

patients with isolated pulmonary metastases) who 

received standard induction and consolidation 

chemotherapy. EFS was not significantly different 

between HDTreoMel (20.9%) and control (19.2%) in the 

interim report with more toxicities in the HDTreoMel group 

(p<0.05). Subgroup analyses revealed that patients aged 

< 14 years had a better outcome when treated in the 

HDTreoMel group (p = 0.016). 
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RECURRENT EWING SARCOMA (chemotherapy) 

Patients with recurrent ES have a dismal outcome with 5-

year OS approximately 10%. The time to relapse has 

been the most important prognostic factor and patients 

with late relapse (recurrence >2 years from date of 

primary diagnosis) fare better with a 5-year OS of 25%.  

 Late first recurrence of ES may be salvaged with 

chemotherapy along with consolidative strategies, 

though the optimal chemotherapy regimen is yet to be 

ascertained.  

Level III evidence 

 Patients with progression while on chemotherapy, 

second relapse or beyond are better palliated at 

recurrence.  

Level III evidence 

 Consolidation with HDT and SCT may improve 

outcomes in early first relapses with complete response 

to induction salvage chemotherapy.  

Level IV evidence 
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Role of salvage chemotherapeutic agents 

Summary: In recurrent ES, response rates showed by 

chemotherapy agents in various studies are topotecan 

and cyclophosphamide (Cy/Topo)-30-35%, temozolomide 

and irinotecan (Memorial Sloan Kettering study) 

(TEM/IRN)-66%, ifosfamide, carboplatin, etoposide 

regimen (ICE) (CCG study)-48%, high dose ifosfamide 

(15g/m
2
/course)-34% (even in those who received 

standard ifosfamide therapy on frontline treatment 

schedules), gemcitabine and docetaxel (GEM/DOC)-14%. 

Our own study using hybrid salvage protocol combining 

Cy/Topo with TEM/IRN showed 3-year EFS of 28%. An 

ongoing randomized trial, rEECur, is comparing high dose 

ifosfamide; Cy/Topo; TEM/IRN; and GEM/DOC. Two 

planned interim analyses showed poor activity for 

GEM/DOC, TEM/IRN-based regimens. 
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Role of High Dose Chemotherapy (HDT) and 

Autologous Stem Cell Transplant (Auto SCT) 

Summary: Analysis of ES relapse registry of the 

Cooperative Ewing Sarcoma Study Group (CESS) 

showed that in patients with complete response (CR)/ 

partial response (PR) after salvage induction, a higher risk 

for events was noted when no additional HDT was offered 

vs those who received it, HR-2.90 (EFS, p< 0.01) and 

2.61 (OS, p=0.01), respectively. Also, significant 

differences in EFS (2-year EFS-35% vs 0%, p<0.01) and 

OS (2-year OS-42% vs 20%, p=0.01) were observed in 

early relapse ES with HDT vs no HDT respectively. A 

single institution long term follow up of patients who 

received HDT showed a 10-year OS of 66% in second CR 

pre-SCT and 26% in second or more PR. 
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RADIOTHERAPY  

POSTOPERATIVE RADIOTHERAPY (RT) 

 Postoperative RT is indicated in 

- presence of gross disease or microscopic positive 

margins 

- clear margins but poor histopathological response to 

chemotherapy (necrosis < 90% is the suggested 

minimum threshold) 

- central tumors – vertebrae, ribs, pelvis 

Level II evidence 

 Suboptimal response to chemotherapy cannot be the 

sole indication for adjuvant RT and good histological 

response (> 90% necrosis) with R0 resection may not 

be sufficient to omit RT, rather the decision should be 

made after evaluating the risks versus benefits based 

on multiple factors.  

Level III evidence 

 Conventionally RT to a dose of 45Gy is considered to 

the prechemotherapy volume 

Level II evidence 

 Post-operative RT is indicated in cases of marginal and 

intralesional resections. When preoperative evaluation 
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suggests an unlikely R0 resection, definitive RT is 

recommended.  

Level II evidence 

 Though there is no consensus regarding the optimal 

timing, adjuvant RT is best started within 6-8 weeks of 

surgery.  

Level III evidence 
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Role of adjuvant RT in intralesional/marginal resection 

Summary: Local control (LC) after surgery with 

inadequate margins (marginal and intralesional) are 

compromised compared to patients with R0 resection from 

multiple studies. Ozaki et al analyzed 244 patients treated 

in CESS 81, 86 and 91B trials and reported a local 

recurrence rate (LRR) or combined relapse rate (CRR) of 

5% versus 12% (p - 0.045) after complete resection 

(radical or wide margin) with or without irradiation and 

incomplete resection (marginal or intralesional margin) 

with or without irradiation, respectively. Though there was 

not a significant overall decrease in LRR or CRR after 

inadequate surgery, there was a decreasing tendency 

after intralesional (25% vs 17%) and marginal resection 

(10% vs 8%). The lack of a significant benefit with 

adjuvant RT must be addressed in context with possible 

fact that adjuvant RT is likely advised in presence of other 

unfavorable factors, while avoided when favorable disease 

characteristics are present. Schuk et al reported a 

significant improved local control after intralesional 

resections compared with patients receiving surgery alone 

(LRR- 28.5 vs 20.5%). Patients with marginal resections 

with or without postoperative radiotherapy in the same 

study showed comparable local control, however, the 
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number of patients with good histologic response was 

higher in the latter treatment group (72.2% vs. 38.5%). 

Despite a higher number of patients with poor histological 

response in the adjuvant RT group, the two groups 

showed equivalent LC. In a recent retrospective review of 

388 patients by Albergo et al, adjuvant radiotherapy has 

shown reduction in local failure rates for patients with 

marginal resections (5 yr LRFS 96% vs 81%, p=0.044), 

and this effect was maintained in all subgroups based on 

the response to chemotherapy (excellent vs good vs 

poor). Also, they noticed that patients with marginal 

resections not receiving adjuvant radiotherapy had similar 

failure rates as intralesional resections (5 yr LRFS 81% vs 

75%, p=0.92). In fact, Bacci et al reports a LRR of 5% vs 

13% for patients with adequate and inadequate margins, 

respectively, indicating surgery with adequate margins is 

crucial in ensuring satisfactory results in patients. 

Omission of adjuvant RT in good histological response 

with inadequate surgery is not recommended. 
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Role of adjuvant radiotherapy in central tumors  

Summary: Central tumor location is an independent poor 

prognostic factor for local relapse (Lin et al). Schuck et al 

showed that local/ combined relapse rate reduced from 

15.4% to 6.6% with post-operative radiotherapy. Ozaki et 

al in a retrospective review of 244 patients (95 central 

tumors), found that the tumors originating in the central 

region were resected with inadequate surgical margins 

more often than those in the proximal or distal region 

(46% vs 15%; p<0.001). They also noted higher incidence 

of local relapse despite adequate margins in central 

tumors as compared to proximal/ distal tumors (12% vs 

2%). Foulon et al found that subHR for local relapse was 

3.5 for sacral/vertebral tumors as compared to limb tumors 

and they found statistically significant reduction of LR in 

patients receiving post-operative radiotherapy compared 

to those not receiving post-operative radiotherapy (sub 

HR=0.43, p=0.02). Andreou et al have recently published 

results of 180 patients of pelvic Ewing sarcoma treated 

under Euro-EWING 99 trial. They found no differences 

between patients with sacral tumors who underwent 

definitive radiotherapy and those who underwent 

combined surgery and radiotherapy in terms of local 

recurrence (17% versus 0% at 5 years, p=0.125) and 
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overall survival probability (73% versus 78% at 5 years, 

p=0.764). Lex et al compared results of 2 subgroup of 

patients with pelvic Ewing sarcoma; 27 patients received 

non-selective pre-operative radiotherapy and surgery and 

22 patients received selective post-operative radiotherapy. 

They found that administration of non-selective, pre-

operative RT to all patients with pelvic ES elevates the 

LFRS to that of the good responder group (90% tumor 

necrosis and margins, p=0.880). There was no difference 

in metastasis-free survival, 60.0% and 54.5% (p=0.728) 

and overall survival (OS), 57.7% and 63.6% (p=0.893). As  

it is difficult to achieve wide margins in central tumors, 

limited retrospective data advocates pre-operative or 

adjuvant radiotherapy in patients with central tumors. 
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Role of RT in poor response to chemotherapy 

Summary: There was a reduction in LR when adjuvant 

RT was used in poor responders (12% vs 5%). While 90% 

necrosis was accepted as the traditional definition of 

‘good’ response, Oberlin and Lin et al recommended a 

cut-off of 95% and 99% necrosis, respectively. Oberlin et 

al reported a disease free survival (DFS) of 75%, 48% and 

20% in good (<5% cells), intermediate (5-30% cells) and 

poor (>30% cells) responders. Lin et al further stratified 

patients with >90% necrosis to excellent response (99-

100% necrosis) versus good response (90-98% necrosis) 

and found a significant improvement in locoregional free 

survival (91% vs 82%, p–0.02). While the debate 

regarding optimal threshold to decide on the need of 

adjuvant RT continues, we may avoid adjuvant RT in 

patients with 100% necrosis. However, surprisingly a 

recent post-hoc analysis of the EURO EWING trial (R1 

arm) which evaluated standard risk Ewing Sarcoma 

patients, reported a significant decrease in LR with 

adjuvant RT versus observation (1.75 vs 12.3%). This 

benefit was marked in a subset of patients with complete 

necrosis after chemotherapy but a large tumor at 

diagnosis (>200ml). The assumption behind such a finding 

is that in large tumors with apparent complete response, 
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the resection may not have included the pre-

chemotherapy tumor bed. RT is now recommended in 

cases where there has not been a complete removal of 

the tumor bed. 

The predominant mode of failure in poor responders is 

systemic rather than local. Although few studies have 

shown improvement in local control after adding 

radiotherapy in poor responders, the decision to add 

adjuvant radiotherapy solely on the basis of histological 

response is best taken by a multidisciplinary team after 

taking into account other relevant factors (pre-

chemotherapy volume, use of prosthesis, limb vs central 

tumors, pathological fractures and type of margins). 
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Escalated or reduced dose RT dose in adjuvant 

radiotherapy 

Summary: RT to a dose of 45Gy showed excellent control 

in EICESS and CESS studies. Results with dose 

escalated RT on the adjuvant setting has not shown a 

clear dose response relationship. Also, lower doses have 

been employed in studies in an effort to reduce the long 

term toxicities. A retrospective study from Memorial Sloan 

Kettering Cancer center of 25 patients investigating a 

dose of 36Gy after surgery reported no local recurrence at 

5 years. However, further studies are needed to prove the 

benefit of low dose RT. Unless proven, 45Gy should be 

considered standard in the adjuvant setting. 
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Optimal timing for adjuvant RT  

Summary: Dunst et al compared the results of CESS 86 

and CESS 81 trials and reported that there was an 

increase in LC when the timing of RT was preponed to the 

18th week to the 10th week from 18th week. In contrast, 

Schuck et al reported no difference in LC when RT was 

delivered within 60 days of surgery or later. Though, there 

are not many studies to answer the question, it is 

advisable to start adjuvant RT within 6-8 weeks of surgery.  
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DEFINITIVE RADIOTHERAPY 

 Definitive RT is preferred when pre-operative evaluation 

suggests that R0 resection is not feasible or surgery of 

the primary will result in unacceptable morbidity. 

Level III evidence 

 Conventional RT to a dose of 55-60Gy is 

recommended. Dose escalation has proven to be 

beneficial, however it has to be weighed against the 

risks of the same. 

Level III evidence 

 Altered fractionation RT does not seem to improve rates 

of local control and survival.  

Level III evidence 
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Role of definitive RT 

Summary: Although most clinical protocols emphasize 

surgery for treatment of the primary lesion, RT is an 

effective option for LC in patients who lack a function 

preserving surgical option or those with unresectable 

primary tumors. Though there is a lack of randomized 

trials comparing surgery vs radiotherapy and knowing that 

such a trial is unlikely to be conducted (owing to the 

inherent bias in the selection of one therapy over the 

other), there are several retrospective and prospective 

studies that support the adequacy of definitive RT. La et al 

and Casey et al reported a 3 year local control of around 

75% in a relatively unfavorable subset (majority with 

central tumors) which was comparable to the local control 

achieved to the overall cohort. IESS III reported no 

significant difference in LR according to tumor size or 

choice of local treatment (RT vs surgery). Studies suggest 

the benefit of definitive RT to be better when the tumors 

are small (<100cm
3
 or < 8cm). 

Larger cooperative group trials have compared disease 

control between the two modalities. Selection bias likely 

accounts for at-least some of these results. A Children’s 

Oncology Group (COG) trial evaluated patients (n=456) 

with localized ES treated on 3 consecutive chemotherapy 
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protocols for the optimal choice of local treatment. On 

multivariable analysis, compared with surgery, definitive 

RT was associated with a higher risk of LR, however there 

were no differences in EFS and overall survival (OS). 

Ahmed et al in a report from the COG documented the 

local failure for 956 patients. The local failure was higher 

for those treated with definitive RT (15.3%) when 

compared with surgery (3.6% for surgery alone and 6.6% 

for surgery + RT). However, there was no difference in 

local failure rate by local treatment modality for axial non-

spine, spine, and extra-skeletal tumors.  

To summarize, data supports surgical resection when 

possible with limited morbidity, while RT remains as an 

acceptable alternative. 
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Role of dose escalation in the definitive setting  

Summary: Dose escalated RT in high-risk tumors has 

been evaluated as a strategy to reduce LR. Talleur et al 

escalated the dose in patients receiving definitive RT with 

a pre-treatment tumor size > 8cm. Of the 45 patients in 

the study, 12 received dose escalated RT. With a median 

follow-up time (patients remaining in the study) of 54.5 

months, there were no local failures reported in the dose 

escalated cohort. Laskar et al (abstract) have reported a 

phase III randomized controlled trial which has compared 

local control of standard dose RT (55.8Gy/31#) versus 

escalated dose RT (70.2G/39#) in non-metastatic 

unresectable ES. At a median follow up of 44 months, 

local control was significantly superior in EDRT as 

compared to SDRT (79.2% vs 55.3%, p=0.02), while no 

significant difference was noted in EFS and OS. Dose 

escalated RT improves local control and should be 

considered in surgically unresectable non-metastatic ES. 
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TREATMENT VOLUME 

 Tailored RT is considered the standard radiotherapy 

volume and has proved to be as effective as whole bone 

RT  

Level I evidence 

 Currently, CTV margins of 1 cm in bone, allowing 

smaller 5 mm margins in soft tissue or around facial 

planes to encompass the original bone/soft tissue extent 

are followed.  

Level III evidence 

 

Summary: Though historically RT in ES was delivered to 

the entire marrow cavity of the involved bone, analysis of 

IESS I trial suggested majority of the relapses happened 

at the site of bulky tumor. Paediatric Oncology Group 

(POG) attempted a randomized trial of whole bone versus 

tailored RT. The trial was discontinued after the 

preliminary results showed that tailored RT was as 

effective as whole bone RT. IESS III trial was the first 

cooperative trial to follow tailored RT ports. Though the 

main randomization was on chemotherapy protocols, the 

LC in the arms confirmed the results from the POG study. 

The recently completed studies AEWS0031 and 

AEWS1031 recommended CTV margins of 1 cm in bone, 
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allowing smaller 5 mm margins in soft tissue or around 

facial planes to encompass the original bone/soft tissue 

extent. Attention to potential RT effects on normal tissue is 

critical in radiation planning to minimize late effects, 

particularly in children, like partial sparing of epiphyseal 

growth plates (to avoid limb shortening) and avoiding 

circumferential irradiation of a limb (to reduce limb edema 

and fibrosis). 

 



Page | 102  
 

References: 

1. Donaldson SS, Torrey M, Link MP,et al. A 

multidisciplinary study investigating radiotherapy in 

Ewing's sarcoma: end results of POG #8346. Pediatric 

Oncology Group. Int J Radiat Oncol Biol Phys. 1998 

Aug 1;42(1):125-35.  

2. Grier HE, Krailo MD, Tarbell NJ, et al. Addition of 

ifosfamide and etoposide to standard chemotherapy for 

Ewing's sarcoma and primitive neuroectodermal tumor 

of bone. N Engl J Med. 2003  

 

 



Page | 103  
 

PROTON THERAPY 

 Proton-beam therapy with unique depth-dose 

characteristics offers the advantage of highly conformal 

dose distributions with potential for dose escalation as 

well as reduction in normal tissue complications in ES. 

The local control is comparable to those treated with 

photon therapy.  

Level IV evidence 

 

Summary: Due to its favorable physical dose distribution 

leading to its preferential organ sparing, proton therapy is 

considered to have potential in radiotherapy, especially in 

children. Compared to photon beam therapy, proton 

therapy allows better organ at risk sparing and permits 

comfortable dose escalation. Rombi et al evaluated the 

clinical outcomes of proton therapy in Ewing’s sarcoma 

and reported comparable results with photon therapy with 

fewer adverse effects. Uezono et al reported the feasibility 

of dose escalated RT (>59.4Gy) in pelvic ES. The local 

control was comparable to photon therapy, however 

without significant toxicity.    
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METASTATIC EWING SARCOMA (radiotherapy) 

ROLE OF RADIOTHERAPY TO PRIMARY 

 Radiotherapy to the primary is considered in patients 

with metastatic disease for adequate local control, if 

surgery (requiring large resections) is not advisable 

given the possible poor prognosis. 

Level II evidence 

Summary: The best outcomes in metastatic ES is when 

chemotherapy is combined with local therapy (primary and 

metastatic sites). Local control poses a major issue for 

patients with metastatic disease. In such cases, it may be 

difficult to justify a large resection of the 

primary/metastases, given the poor long-term prognosis. 

However, in certain select cases, resection can be 

considered when there is considerable chemotherapy 

response and small volume metastatic disease. On the 

other hand, RT, which is more often considered in patients 

with metastatic disease, will usually provide adequate 

local control with acceptable morbidity. If substantial 

amounts of bone marrow need to be included in the 

radiation treatment volume, then radiating the primary 

tumor may occur first, followed by metastatic site 
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radiation, delayed until the end of systemic therapy to 

avoid interfering with chemotherapy. 
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ROLE OF RADIOTHERAPY IN PULMONARY 

METASTASES 

 Whole lung irradiation (WLI) to a dose of 12-15Gy 

improves local control in the lung in patients with 

pulmonary metastases with minimal toxicity. 

Level II evidence 

 

Summary: Patients with a limited number of lung 

metastases do not share the same dismal prognosis as 

patients with metastatic disease at other sites (i.e., bone 

or bone marrow). Also, patients with unilateral metastases 

do better than those with bilateral metastases. The 

expected 5-year survival is between 20-40%. Whole lung 

radiation (WLI) provides benefit as a consolidation 

therapy, irrespective of resection of the metastases. The 

impact of local therapy for pulmonary metastasis is 

substantial in terms of 3-fold improvement in survival, from 

14% 3-year overall survival to 39%, as per one of the 

largest series reported (EURO-EWING 99 study).  The 

dose used in the various studies vary from 12- 15Gy with 

boost to large residual deposits. In one of the largest 

retrospective studies reported, Paulussen et al. 

demonstrated improved benefit of WLI sustained after 10 

years of follow-up with 30% event-free survival (EFS). 
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Poor response to induction chemotherapy of the primary 

tumor, bilateral pulmonary metastasis and no WLI was a 

significant negative prognostic factor in multivariate 

analysis. Attard-Montalto et al reported <7% incidence of 

severe pulmonary function deterioration in patients post 

WLI. Though most studies are non-randomized, the 

available data suggests disease control in the lungs 

without significant pulmonary toxicity. 
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ROLE OF RADIOTHERAPY IN BONE METASTASES 

 Local radiotherapy to bone metastases may be used as 

consolidative therapy in cases of solitary or limited bone 

metastases to a dose of 40-50Gy. 

Level II evidence 

 

Summary: Patients with bone or soft tissue metastases 

fare worse as compared to those with pulmonary 

metastases. With aggressive chemotherapy and local 

therapy, around 10% are expected to become long term 

survivors. Studies have suggested a dose of around 45 - 

50Gy in conventional fractionation or Stereotactic Body 

radiotherapy to 40Gy (8Gy x5 #) achieves favorable local 

control in patients with solitary or limited bone metastases. 

The COG and EURO EWING 2008 guidelines have 

incorporated RT to the bony metastases to optimize 

disease control. 
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TREATMENT ALGORITHM (BST - DMG)   

EWING SARCOMA 
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CURRENT EVIDENCE UPDATES 

CHONDROSARCOMA 

 

Chondrosarcoma is one of the most common bone 

sarcomas of adulthood, characterized by the production of 

tumor cartilage. Though commonest in the long bones 

they also occur in flat bones such as the pelvis, rib, and 

scapula. Secondary chondrosarcomas can arise in 

preexisting benign lesions such as osteochondroma and 

enchondroma. Rarer subtypes of chondrosarcoma include 

mesenchymal chondrosarcoma and clear cell 

chondrosarcoma. Conventional chondrosarcomas may 

rarely “dedifferentiate” into a very high-grade tumor with a 

dismal prognosis, so called dedifferentiated 

chondrosarcoma. 
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TREATMENT ALGORITHM (BST - DMG)  

CHONDROSARCOMA 
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CURRENT EVIDENCE UPDATES 

SOFT TISSUE SARCOMA 

Soft tissue sarcomas (STS) comprise more than 100 

histological types. They account for only 1–2% of all 

cancers and approximately 7% of pediatric malignancies 

in children. The extremities are the most common site of 

origin. Half of all patients with adequate local control of 

high‑ grade sarcomas will develop distant metastases. 

The standard of care for localized disease in adults has 

been wide surgical resection (R0 resection) often 

combined with radiotherapy. Adding adjuvant 

chemotherapy to improve survival rates in high‑ grade 

STS has been a subject of controversy and there is 

conflicting and insufficient evidence to make adjuvant 

chemotherapy a standard practice in all. 

AN ‘ADEQUATE’ SURGICAL MARGIN FOR OPTIMAL 

LOCAL CONTROL IN SOFT TISSUE SARCOMA  

 Various systems describe surgical margins:  

- MSTS/ Enneking’s: intralesional/marginal/wide/radical 

- AJCC: en-bloc negative margin as R0 (negative), R1 

(microscopically positive) and R2 (gross or 

macroscopically positive) 
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- UICC proposed R0 + 1 as a negative margin (needing a 

1mm cuff of normal tissue) 

- Kawaguchi system that relies on anatomical barriers 

(quantifying quality of barriers) to describe wide 

margins as curative/adequate/inadequate 

- TMCC (Toronto Margin Context Classification) showed 

how the context determines the outcome of a positive 

margin. Positive margins are separated into planned 

close but positive at critical structures, positive after 

whoops re-excision and inadvertent positive margins, 

providing additional stratification of positive margins 

that may aid in the surgical planning 

 Most pathologists routinely report distance in mm. The 

ideal minimum distance is debated, and depends on 

disease, patient and treatment factors. 

 Standardizing the definition of a ‘negative’ margin 

universally applicable to all sarcomas (different grades 

and histology), patients (different anatomy/biology), 

interpreted alike and described alike by pathologists is 

challenging. 
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 While there is consensus that compromised margins 

increase local failure, the impact of a local recurrence 

on overall survival is unclear. 

Summary: Heterogeneity of sarcoma biology makes 

standardized recommendations difficult. For most 

sarcomas a negative AJCC/R0 margin > 1 mm with 

radiation may be adequate for optimal local control. In the 

absence of radiation, the goal must be better margins. 

Planned close margins along critical structures provide 

adequate local control with radiation. Certain infiltrative 

biologies (infiltrative subtypes like myxofibrosarcoma) 

require better margins when feasible for optimal disease 

control. Inadvertent positive margin has the worst local 

recurrence risk. Intraoperative ultrasound may be useful 

with satellite lesions and re-do surgeries. Role of intra-

operative frozen section is limited. 
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ADJUVANT CHEMOTHERAPY IN LOCALIZED SOFT 

TISSUE SARCOMA 

 Adjuvant/neoadjuvant chemotherapy should be 

considered for high-risk adult soft tissue sarcoma 

patients of extremities and superficial trunks, where the 

estimated risk of disease relapse and death is high.  

  Level II evidence 

 Prognostic nomograms or risk-predicting calculators like 

“Sarculator” can identify patients at a higher risk of 

death due to disease and thus help select patient 

subsets who will benefit from adjuvant chemotherapy in 

the common histological subtypes. 

      Level II evidence 

 Anthracycline plus Ifosfamide regimen rather than a 

histotype tailored chemotherapy should be chosen in 

the (neo)adjuvant setting when the decision has been 

made to deliver chemotherapy, which should be for at 

least three cycles. 

      Level II evidence 

 For soft tissue sarcomas arising from sites other than 

extremities and superficial trunk, as well as for the less 

common histological subtypes not covered in the 

available studies, a multi-disciplinary shared decision 
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should be made for the use of (neo)adjuvant 

chemotherapy. 

     Level III evidence 

Summary: The SMAC meta-analysis summarized the 

evidence from the first-generation clinical trials employing 

doxorubicin-based regimens as an adjuvant in primary 

STS and concluded that adjuvant chemotherapy, as given 

in these first-generation trials, may provide an absolute 

relapse-free advantage in the 10% range and a lower 

overall survival improvement, which however did not reach 

statistical significance. Subsequently the Italian study by 

Frustaci et al. provided evidence of benefit from adjuvant 

full-dose anthracycline plus ifosfamide chemotherapy in 

high-risk extremity primary STS. The trial enrolled only 

true high-risk patients and closed early because an interim 

analysis demonstrated a significant benefit in overall 

survival in favor of the chemotherapy arm. The limited final 

number of patients was a limitation of this trial as the 

survival benefit that was seen was lost at a longer follow-

up. Nevertheless, the study suggested that some benefit 

can be achieved with adjuvant chemotherapy in STS, 

provided an anthracycline plus ifosfamide regimen is used 

in a high risk patient population. However, the EORTC 

62931 trial failed to demonstrate any benefit in relapse-
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free survival or overall survival with adjuvant 

chemotherapy with doxorubicin and ifosfamide in resected 

soft-tissue sarcoma. In 2008, a meta-analysis update was 

conducted with 18 randomized trials of 1953 patients with 

localized and resectable STS between 1973 and 2002. 

Five of these 18 trials used doxorubicin plus ifosfamide, 

while the others used doxorubicin alone or combined with 

other agents. It confirmed the benefits of adjuvant 

chemotherapy in localized resectable STS as regards to 

local recurrence, distant and overall recurrence. It showed 

a small but statistically significant advantage in terms of 

OS for doxorubicin plus ifosfamide with an 11% risk of 

death reduction (p=0.01). However, the benefit could not 

be shown for doxorubicin alone, implying the importance 

of ifosfamide in the adjuvant treatment of sarcomas. 

 

Despite increasing interest in histotype-driven treatment 

for advanced STS, the benefits of this approach for 

(neo)adjuvant treatment are not established. ISG-STS-

1001, a randomized, phase III trial compared three cycles 

of full-dose standard CT with three cycles of a histology-

driven regimen for five specific sarcoma histotypes. With a 

median follow-up duration of 12.3 months, the projected 

DFS rate at 46 months was 62% in the standard 

chemotherapy group and 38% in the histotype tailored 
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chemotherapy group (P = .004). The final analysis with a 

median follow-up of 52 months too confirmed the same, 

suggesting that anthracycline plus ifosfamide should 

remain the regimen to choose whenever neoadjuvant 

chemotherapy is used in patients with high-risk STS. 

Recently, nomograms have been developed and validated 

to predict OS and occurrence of distant metastases in 

adults after surgical resection of localized STS of the 

extremities. The nomograms consider patient age, tumor 

size, tumor grade, and tumor histology to estimate the 

probability of OS (pr-OS) at 5 and 10 years after surgery. 

Based on the 10-year pr-OS, patients can be categorized 

into high and low-risk subgroups with a cut-off of 60%. 

These nomograms are freely available online in the form 

of a calculator; Sarculator (http://www.sarculator.com). By 

using Sarculator, a homogenous population of high-risk 

patients with adult soft tissue sarcoma can be identified 

who may potentially benefit from adjuvant chemotherapy. 

Another prognostic model, Personalised Sarcoma Care 

(PERSARC), was developed to support shared decision 

making between patients and physicians by providing 

better insight into individualised OS and LR estimates for 

different treatment options.  Hagenmaier et al documented 

that in 36 cases presented to the MDT, the MDT 
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underestimated OS when compared to PERSARC in 

48.4% of cases. LR rates were overestimated in 41.9% of 

cases. With the use of PERSARC, the proposed treatment 

changed for 24 cases.  
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RADIOTHERAPY IN SOFT TISSUE SARCOMA  

 After Limb Salvage Surgery(LSS), adjuvant radiotherapy 

(ART) is indicated in High grade sarcomas  

Level II evidence 

 Low grade sarcomas – size>5 cm or deep seated or 

recurrent  

Level II evidence 

 Radical interstitial brachytherapy is an effective 

treatment option for ART in appropriately selected 

patients. 

Level II evidence 

 Dose escalated postoperative RT (>64Gy) provides 

better control in patients with R+ resection. 

Level II evidence 

 A post-operative boost (10-16 Gy) after R+ resection in 

patients who have received RT pre-operatively has not 

demonstrated a benefit in local control. 

Level III evidence 

 There is no definite consensus or evidence regarding a 

cutoff for the optimal interval between surgery and RT, 

however ART is preferably started within 3 months of 

surgery. 
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Level III evidence 

 Use of Intensity Modulated Radiotherapy (IMRT) in pre-

op or adjuvant setting is preferred over conventional RT 

owing to reduced toxicities and comparable disease 

outcomes. 

  Level II evidence 

 Stereotactic Body RT is a promising option in the 

treatment of oligometastatic STS with satisfying local 

control with minimal toxicity, especially in cases with 

pulmonary metastases. 

Level III evidence 
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Role of ART in LSS 

Summary: The use of ART in conjunction with LSS is well 

established as it reduces the need of amputation and 

maintains disease control with acceptable functional 

outcomes. The benefit of adding RT to LSS in the 

treatment of extremity STS was addressed by Yang et al, 

who used external beam radiotherapy (EBRT) with LSS 

and Pister et al who added brachytherapy as the mode of 

ART. Both trials showed a reduction of 20-25% in local 

recurrence (LR) with the addition of RT in addition to 

resection. With a combined approach, the local control 

estimated is around 85-90% in high grade and 90-95% in 

low grade tumors. Despite the  proven efficacy of ART in 

the management of sarcomas, a 2014 study that 

assessed the compliance to the same in various centers 

of the United States showed that RT was used in only 

50% of the total patients and in only  60% of stage II and 

stage III tumors. The study also reported a decrease in the 

disease specific survival in patients who did not receive 

ART compared to those who did (68% versus 46%, p < 

0.001).  
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Can RT be avoided in selected cases of high grade 

STS?  

Summary: Pister et al reported a prospective trial where 

in RT was avoided (surgery alone) in cases of T1 tumors 

with R0 resection. 58% were high grade and 68% were 

superficial tumors. At 5 and 10 yrs, the cumulative 

incidence of LR was 7.9% and 10.6%, however the 

majority of the local recurrences happened in high grade 

sarcomas. A SEER study which retrospectively analyzed 

the impact of radiotherapy in T1 tumors found that there 

was no difference in OS or sarcoma-specific survival 

(SSS); RT can be expected to have an impact only on 

local control.  

Retrospective series by Baldini and Cahlon et al reported 

long-term LR of 7% and 9% in sarcomas managed with 

surgery alone, however majority were low-risk tumors in 

the former and the LR incidence was 26% in high grade 

sarcomas in the latter study.  In a SEER study reported by 

Kachare et al, there was a 20% and 30% survival 

advantage with RT in high grade sarcomas. It can be 

debated that these data did not exclusively reflect the 

policy of referral to experienced centers. A study from INT, 

Italy reported the local control of high risk sarcomas (size -

> 5cm, deep to fascia and grade 2-3) in a retrospective 
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series. The patients were analyzed as two groups – one 

that received peri-operative RT (A) and the other that did 

not receive RT (B) due to patient preference/ technical 

considerations (vascular bypass, flap reconstruction)/ 

operative complications/ alternative perioperative 

treatment like isolated limb perfusion (ILP). Local 

recurrence- free survival (LRFS) was not significantly 

different between the groups (79% vs 70%, p - 0.18). 

However, the numbers of high grade sarcomas were 

significantly less and 10% had received ILP in group B. 

Also, the study was retrospective in nature and the 

omission of RT was largely uncontrolled with inherent 

bias; limiting its applicability. 

In the absence of randomized trials drawing conclusions 

from retrospective series with their associated biases is 

challenging. In case RT is to be avoided it would be best 

to involve a multidisciplinary team, in context of anatomic 

site, specific histology, alternate perioperative treatments, 

grade, margins and possible late RT toxicities. Interstitial 

brachytherapy can provide a suitable alternative in such 

cases to minimize toxicities.  
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Role of ART in low grade sarcomas 

Summary: Of the two trials that randomized between RT 

vs no RT in sarcomas, Pister et al reported no significant 

improvement in local control in low grade histology. Yang 

et al reported a definite improvement in local control in low 

grade sarcomas. However when the analyses was limited 

to the true low grade sarcomas (excluding the desmoid 

tumors and dermatofibrosarcoma protuberans), there was 

no statistically significant benefit with RT. Also, based on 

the results of various population based registries, 

retrospective and prospective series, some patients with 

low grade sarcomas may not require ART. Baldini and 

Pister et al reported a good 5 yr local control with 

observation after surgery (93% and 86% respectively). 

When this was analyzed for low grade sarcomas alone, 

the local control was 97% at 5 yrs (Baldini et al). Also, only 

one out of 12 local recurrences were in low grade 

sarcomas in the series by Pister et al. Majority of the 

patients in both studies were having low grade and 

superficial tumors. Hence, RT can be avoided in patients 

with tumors that are low grade sarcomas that are 

superficial and size < 5cm. 
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Role of Brachytherapy 

Summary: The randomized trial (RT vs no RT) by Pisters 

et al proved the efficacy of brachytherapy (BT) as a 

modality of RT delivery in STS with improved local control 

and comparable wound complications juxtaposed with the 

no RT arm. Though there are no randomized trials 

comparing BT and external beam radiotherapy (EBRT), 

various case series have reported excellent outcomes with 

lesser late effects of RT in appropriately selected patients 

where the entire tumor bed could be adequately included 

in the BT volume. Another advantage of BT is that the 

overall treatment time is shortened to a great extent. 

However, BT should be used carefully where the implant 

geometry is not optimal such as proximal limb regions, 

leading to decrease in local control. In contrast, Alektiar et 

al retrospectively compared BT with IMRT in 134 high-

grade early STS with similar adverse features and 

reported a lower 5-year local control with BT (81% vs 

92%, p = 0.04). 

While Torres et al reported high complication rates with 

using EBRT for re-irradiation, BT showed relatively 

lesser wound complications in the study by Pearlstone 

et al. and could be used to deliver adjuvant treatment for 

locally recurrent sarcomas with minimal side effects as 
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compared to EBRT as most of these cases would be 

previously irradiated. 

While BT can be the lone mode of adjuvant treatment, it 

can also be used as a boost to EBRT (ABS guidelines). 

The local control achieved with brachytherapy as a 

monotherapy in adjuvant setting is around 85% with a 

wound complication (> grade 2) rate of < 10%. Despite its 

unique advantages including rapid dose fall off, organ 

sparing, shorter treatment duration, and versatility, BT 

remains underutilized for STS which is probably due to 

various BT limiting factors like technical demands and 

non-ideal tumor bed geometry.  
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Pre-operative versus post-operative RT – rationale 

and dose 

Summary: RT as an adjunct to surgery can be 

administered preoperatively (PRT) or postoperatively 

(ART) in STS. These approaches have been compared in 

a randomized controlled trial by O’Sullivan et al. 190 

patients were randomized to either arm and at median 

follow up of 3 years, there was a substantial increase in 

wound complications (primary outcome) in the PRT arm 

(difference 18%, p – 0.01). Although there was no 

difference in LR, regional or distant failure and disease 

free survival (DFS), there was a slight increase in OS in 

the PRT arm (p – 0.04). However, there was no 

statistically significant difference in OS noted at 7 years. 

Hence the authors concluded that with similar efficacy but 

different normal tissue complication profile, the anatomic 

site should be considered in the choice of approach. Davis 

et al reported the late complications of patients treated 

with both approaches. There was a greater subcutaneous 

fibrosis in the ART arm which was tending towards 

significance (48.2 vs 31.2%, p-0.07). Although, edema 

and joint stiffness were higher in ART, it was not 

statistically significant. Yang et al performed a meta-

analysis of 15 studies published in this regard and 
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concluded that there was no difference between both 

approaches in terms of local control, DFS and OS.  

In a study on patients with unplanned excision, Saeed et 

al reported that PRT followed by re-excision may offer 

relatively better control in such patients. Also, patients 

who received any RT (PRT/ART) had a better DFS.  

There exist potential advantages and disadvantages of 

both approaches. The potential advantages of PRT 

include relatively smaller target volume, lesser total dose, 

easier resection and reduction in late complications, while 

that of ART include lesser wound related complications. 

PRT is disadvantageous due to higher wound 

complications, postpones surgery and causes fibrosis 

(that could hamper surgery) while ART is associated with 

large RT volumes and higher late complications.  

Though studies have established a similar efficacy of both 

approaches with different toxicity profile, the worldwide 

practice has tilted towards PRT for sarcomas at primary 

setting as well as those following an unplanned resection. 

This is apparent in published surveys (Chan-Kyung et al) 

and guidelines (ASTRO). The possible reason is that the 

higher rate of generally reversible and potentially 

preventable (using IMRT) acute wound healing 
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complications in preoperatively treated patients is offset by 

a lower rate of generally irreversible late complications, 

including grade 3 to 4 fibrosis. 

 However, in our institute, resectable localized sarcomas 

(primary/post-unplanned resection) are considered for 

upfront surgery followed by assessment for intra-op 

brachytherapy (in whom feasible) or ART (60Gy/30#/6 

weeks). We practice PRT (50Gy/25#/5 weeks) only in 

patients with borderline resectable localized sarcomas 

aiming for downstaging and a possible R0 resection.  
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Role of hypo-fractionated RT in STS 

Summary: Hypofractionated RT (Hypo-RT) has been 

established to have the same efficacy as conventional RT 

in various tumors. Due to a shorter overall treatment 

duration, it is an attractive modality when used in the 

neoadjuvant setting. Kosela-Paterczyk et al reported a 

local control of 81% at 3 years with Hypo-RT (25Gy/5#/1 

week), which was comparable to results for conventionally 

fractionated PRT. 12.4% of the patients had late 

complications, with the most common one being limb 

edema. Kalbasi et al evaluated the efficacy of hypo-RT in 

52 patients using a dose-fractionation of 30Gy/5# and 

reported wound complications and late toxicities (grade > 

2) of 32% and 16%, respectively. When used in selected 

patients, hypo-RT does offer the advantage of better 

utilization of PRT in high volume centers.   
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Role of RT in R+ resection 

Summary: Patients with R+ resection with or without 

gross disease are to be considered for re-excision with 

PRT/ART. However, when revision surgery is not 

considered after a R+ resection, then postoperative RT 

should be delivered. Though, local control is lower as 

compared to R0 resection, a study by Zagars et al has 

reported a total dose > 64Gy independently correlated 

with local control in multivariate analysis.  However, 

studies by Al Yami et al and Pan et al did not identify any 

increase in local control with a post-operative boost (10-

16Gy) (with the intent of improvement in disease 

outcomes) in the setting of PRT.     
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Impact of interval between surgery and RT 

Summary: Jacques et al retrospectively evaluated the 

impact of the time interval between surgery and ART in 

STS in a cohort of 1131 patients. The patients were 

analyzed by grouping them on the basis of time interval 

(TI); 19–39 days, 40–79 days, 80–119 days, and >120 

days. Though there was not a statistically significant 

difference in local recurrence free survival (LRFS) and 

OS, the control was numerically better in the group with TI 

as 19-39 days. Hence, preferably, RT should be 

administered as early as possible when healing is 

obtained, especially for patients at high risk of local 

recurrence.  
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Use of Intensity Modulated Radiotherapy (IMRT) and 

Proton therapy in STS 

Summary: The main incentive of using IMRT as a 

technique for delivering EBRT is its capacity to reduce 

toxicities. Though there are no randomized trials that have 

compared conventional and IMRT techniques, various 

studies have reported comparable disease outcomes with 

reduced toxicities. Alektiar et al reported good local control 

at 5 years of 94% and reduced toxicities (4.8% fractures in 

high risk for fractures). O’Sullivan et al found a numerical 

reduction in wound complications in those treated with 

IMRT as compared to conventional RT. Though it was not 

statistically significant, it did significantly diminish the need 

for tissue transfer. Fokert et al retrospectively analysed 

patients undergoing IMRT and conventional RT. Despite, 

the IMRT group having a higher proportion of adverse 

factors, IMRT had a significantly reduced local recurrence. 

Proton therapy has the potential to offer good or may be 

better results in terms of sparing of normal tissue 

compared to IMRT. Due to the fear of harm to growing 

tissues and resultant growth stunting and secondary 

malignancies, proton therapy is preferred in pediatric 

patients. 
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Role of RT to metastases (pulmonary and 

nonpulmonary 

Summary: STS patients with limited metastases 

(especially pulmonary) have been reported to have better 

prognosis than those with extensive pulmonary 

metastases or metastases involving multiple systems. 

Though pulmonary metastatectomy is considered for such 

patients, stereotactic body radiotherapy (SBRT) is less 

morbid and can offer acceptable control in these patients. 

Frankulli et al studied patients who were treated with a 

SBRT dose of 30-60Gy/3-8# and reported local control 

and OS of 86% and 66% at a median follow-up of 17 

months. Similarly, Lindsay et al reported a local control 

and OS of 95% and 82%, respectively, with a total dose of 

50Gy to each lung nodule. The median number of lung 

nodules in both studies was around three. Tetta et al 

performed a systematic review to evaluate and compare 

the outcomes of SBRT and metastatectomy in the 

management of lung metastases in STS. The study 

showed that local treatment with SBRT was associated 

with a lower cumulative overall death rate and similar OS 

time and survival rates without disease. By contrast, 

SBRT was associated with a higher survival rate with 
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disease than metastatectomy. However, large randomized 

trials are necessary to confirm these findings and to 

establish whether SBRT may be a reliable option for early 

stage disease.  

This approach also has been extended to cases with 

limited extra-pulmonary metastases (liver, bone and soft 

tissue metastases) although a formal demonstration of its 

benefit has never been provided in this histology. Loi et al 

studied the benefit of SBRT to metastases in 

oligometastases (< 3 synchronous lesions) in 16 patients 

with 26 metastases (21 lung and 5 lymph node or soft 

tissue metastases). Local control at these lesions and OS 

at 4 years was 78% and 54% with a median OS was 69 

months. 

SBRT is a promising option in the treatment of 

oligometastatic STS with satisfying local control with 

minimal toxicity. Increased time from primary tumor to first 

metastasis may help in identifying patients with potentially 

greater benefit from SBRT. 
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CURRENT EVIDENCE UPDATES– 

EXTRA ABDOMINAL DESMOID TUMORS 

Extra-abdominal fibromatosis, also known as a desmoid 

tumor is a rare, benign disease (represents < 0.03% of all 

neoplasms, with an annual incidence of 2-4 

cases/1,000,000 individuals) characterized by local 

invasion but not metastatic spread. The most common 

locations are the shoulder and upper limb (33%), gluteus 

and lower extremities (30%), chest wall and spine (17%), 

and head and neck 10%).  Extra-abdominal fibromatosis 

occurs more often in females and has a higher incidence 

between puberty and the fourth decade of life.  

 “Wait and watch” is an acceptable strategy for stable, 

asymptomatic primary or recurrent desmoids, 

particularly if resection would entail major morbidity. 

Level III evidence 

 Wide margin surgical resection should be considered for 

symptomatic / progressive lesions when medically and 

technically feasible. 

  Level II evidence 

 Primary radiotherapy is an appropriate option for 

patients who need treatment but are not good surgical 

candidates/ decline surgery. 
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Level III evidence 

 Systemic therapy agents (low dose methotrexate and 

vinca alkaloids or Sorafenib / Pazopanib / oral Sunitinib / 

Imatinib) can be used in patients not amenable for 

surgery or in advanced desmoid tumors. 

Level III evidence 

Summary: Given the unpredictable natural course of the 

lesion (with the possibility of long-lasting stable disease 

and even occasional spontaneous regressions, along with 

a lack of metastatic potential) treatment strategies can 

vary from observation to surgery and varying adjuvant 

therapy.  

Desmoid tumors do not have metastatic potential and 

therefore can be treated with a “wait and watch” policy. 

This strategy is applicable for both primary and recurrent 

cases. Though surgery does render the patient disease-

free, this may be at the cost of permanent morbidity.  

Local recurrence is not uncommon. Though postoperative 

radiation has demonstrated an increase in local control of 

the disease, patients can have significant complications 

during follow-up including pathological fractures, pain, and 

in-field skin malignancies. Systemic agents (a combination 

of vincristine and methotrexate) have been shown to 
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achieve disease stabilization as have anthracycline 

regimes.  Imatinib, sunitinib and sorafenib have all 

demonstrated progression-free survival and objective 

responses.  

Alternative treatment options like high intensity focused 

ultrasound (HIFU), percutaneous cryoablation, 

radiofrequency ablation (RFA), hormonal therapy and 

NSAIDS (sulindac, indomethacin and celecoxib) have also 

been used.  

For cases that are progressive, therapy needs to be 

individualized based on inputs from a multidisciplinary 

team. 

Editor’s note: The following paragraph directly quotes 

from reference viii (Desmoid Tumor Working Group - joint 

global consensus), as it succinctly summarizes the current 

management philosophy regarding extra abdominal 

desmoid tumors.  

“An initial “active surveillance” approach does not appear 

to influence the efficacy of subsequent treatments when 

needed. Thus, being cautious and avoiding potential harm 

in experienced hands, this approach is now considered 

the first step after diagnosis in majority of the patients. 
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Neither surgery nor other forms of active treatments are 

proposed as primary therapy at diagnosis. 

Active treatments should be considered only in case of 

persistent progression. Progression at a single 

assessment, especially in the absence of specific 

symptoms and in noncritical anatomic sites, should not per 

se be considered as an indication to start an active 

treatment immediately. 

When active management is required, surgery as first-line 

therapy can be considered, provided expected surgical 

morbidity is limited. Wide (R0) microscopic margins 

resection should be the goal. However, if positive 

microscopic margins can be anticipated, other 

managements than surgery should be preferred. In 

addition, if R1 resection is obtained in first-line 

management, there is insufficient evidence to recommend 

either perioperative radiotherapy or re-operation. Although 

the risk of a local recurrence seems to be lower after 

combined modality, the difference between surgery alone 

and surgery plus perioperative radiotherapy is not 

statistically significant. When surgery is not an option and 

active management is required, moderate dose definitive 

radiotherapy has also been shown to provide adequate 

local control in a majority of progressive patients and 
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could be considered if medical therapies are not available 

or not active. 

There is a lack of evidence that paediatric patients need to 

be treated differently compared to adults. Thus, the 

management approach is very similar to that of adult 

patients and should follow the same treatment algorithm.” 
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