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Abstract: Paediatric sarcomas are a heterogeneous group of disorders constituting bone

sarcoma and various soft tissue sarcomas. Almost one-third of these presents with metastasis

at baseline and another one-third recur after initial curative treatment. There is a huge unmet need

in this cohort in terms of curative options and/or prolongation of survival. In this review, we have

discussed the current treatment options, challenges and future strategies of managing relapsed/

refractory paediatric sarcomas. Upfront risk-adapted treatment with multidisciplinary manage-

ment remains the main strategy to prevent future recurrence or relapse of the disease. In the case

of limited local and/or systemic relapse or late relapse, initial multimodality management can be

administered. In treatment-refractory cases or where cure is not feasible, the treatment options

are limited to novel therapeutics, immunotherapeutic approach, targeted therapies, and metro-

nomic therapies. A better understanding of disease biology, mechanism of treatment refractori-

ness, identifications of driver mutation, the discovery of novel targeted therapies, cellular vaccine

and adapted therapies should be explored in relapsed/refractory cases. Close national and

international collaboration for translation research is needed to fulfil the unmet need.

Keywords: paediatric sarcoma, immunotherapy, targeted therapy, relapsed sarcoma,

osteosarcoma, disease biology

Introduction
Paediatric sarcoma constitutes a major group of disease that includes osteosarcoma

(OGS), Ewing’s sarcoma/primitive neuroectodermal tumor (EWS/PNET), rhabdo-

myosarcoma (RMS), and heterogeneous group of soft tissue sarcoma (STS), mostly

infantile fibrosarcoma, malignant peripheral nerve sheath tumour (MPNST), termed

as non-rhabdomyomatous soft tissue sarcoma (NRSTS). With the introduction of

multimodality treatment including poly-chemotherapy, surgery and/or radiotherapy,

the outcome of localized paediatric sarcoma has improved drastically. However,

20–30% localized sarcoma recurs where cure seldom occurs. On the other hand,

a sizeable number of bone1 and soft tissue sarcoma2 presents with metastasis at

baseline, and the cure rate is still low with the current armamentarium of systemic

anti-cancer therapies. In spite of progress in chemotherapeutic combinations, newer

surgical approach and radiation techniques, local as well as distant recurrence is one

of the major challenges in the management of paediatric sarcomas. The outcome

remains dismal in recurrent or treatment-refractory (primary or secondary) setting

with the currently available systemic therapies even with a better understanding of

tumorigenesis and discovery of potential therapeutic targets.

In-depth understanding of disease biology, determination of molecular signa-

ture, identifications of potentially targetable driver mutation, newer
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immunotherapeutic approach, risk-adapted treatment stra-

tegies, and long-term maintenance therapy remains the

optimal approach to treat recurrent and refractory paedia-

tric sarcomas.

In this review, we have discussed the current standard

of care in recurrent bone sarcoma & STS in paediatric &

young adult patients with emerging therapeutic options,

unmet needs and future strategies.

Burden of Problems
Data regarding burden of refractory paediatric sarcoma

can be estimated from the patients where cure is not

possible as literature regarding the same is limited. There

is no consensus regarding optimal treatment in second line

as various regimens have been tried and there is no head-to

-head comparison amongst the different regimens.

Survival in OGS has plateaued at 70% after the dramatic

improvement in the 1980s and 1990s.3 In a large retrospec-

tive analysis of 1067 patients, there were 564 (52.85%)

recurrences with a median time of 13 months. Post recur-

rence survival was 18% at 5 years. Approximately 35% had

refractory disease.4

For localized EWS, the 5-year overall survival ranges

from 65% to 75% whereas in metastatic setting it is less

than 30%, except in isolated pulmonary metastasis

(approximately 50%).5 The 5-year survival of relapsed

EWS is 13%. Patients who relapse in the first 2 years

from diagnosis have a 5-year survival of 7% compared

to 29% who relapse after 2 years from diagnosis.6 At

present, there is no standard protocol to treat relapsed

EWS due to paucity of clinical trials.7

In pediatric populations, the most common soft tissue

sarcoma is RMS, which accounts for one-half of all soft

tissue sarcomas. Relapses occur in around 30% cases of

RMS, with most relapses occurring before 2 years after

initial diagnosis whereas late relapses (after 5 years of

diagnosis) are rare and constitute less than 10% of

relapsed cases. Most relapses (80%) occur at distant site

and involve lungs, bones or bone marrow. Few patients

(20%) relapse at the local site and have a more favourable

prognosis.8–11 Prognostic factors associated with recurrent

or progressive disease include factors at the time of initial

diagnosis, including histological subtype, disease group,

stage, age 10 years or younger, size, site, and lack of initial

radiation therapy. Distant site of recurrence and time of

relapse after diagnosis <18 months are important prognos-

tic factors for survival at the time of relapse.8–10,12

In a retrospective analysis by Intergroup

Rhabdomyosarcoma Study Group (IRSG), 605 (25.6%)

patients out of 2364 treated on IRS-III, IRS-IV pilot, &

IRS-IV experienced disease relapse or progression.

Median OS was 9.6 months and 17% of patients survived

till 5 years after relapse. Probability of survival after

relapse was dependent on histologic subtype, disease

group, and stage at initial diagnosis. At the time of relapse

distant site recurrence have poor survival compared with

local recurrence.8

Of 1398 patients with localized disease at diagnosis trea-

ted in International Society of Paediatric Oncology (SIOP)

Malignant Mesenchymal Tumour/MMT 84, 89, and 95 stu-

dies, 474 (33.9%) had a relapse. Metastatic disease at relapse,

prior treatment, initial tumour size >5 cm, and relapse within

18 months of diagnosis were associated with poor

outcomes.10 Many other retrospective analyses have found

similar prognostic factors for survival.12

NRSTS accounts for approximately 50% of paediatric

STS (13). It is a heterogenous group of rare tumours, with

common histologies being synovial cell sarcoma, infantile

fibrosarcoma and malignant peripheral nerve sheath

tumour. Five-year survival from synovial sarcoma has

been approximately 77%.13 Survival of infantile fibrosar-

coma ranges from 80% to 94%.14,15 Malignant peripheral

nerve sheath tumour is relatively chemoresistant. The five-

year survival has ranged from 23% to 69%.13

Pathophysiology of Treatment
Refractoriness
Pathophysiology of treatment refractoriness is an evolving

area of research and there are a lot of knowledge gaps. The

studies have focussed on cancer stem cells (CSC), signal-

ling pathways and multidrug resistance. OGS treatment

refractoriness has been relatively well studied compared

to others.

Gibbs et al16 demonstrated CSC in OGS which has the

ability to self-renew, form sarcospheres and were multi-

potent. These cells had high expression of CD 133, CD

117 and Stro-1.17,18 In vitro studies in OGS cell lines and

xenograft mouse model has shown that exposure to che-

motherapy transforms a subpopulation of OGS cells to CSC

like phenotype.19 These transformed cells have increased

the capacity to form sarcospheres in vitro and initiation of

tumour in vivo.20 These transformed cells are chemoresis-

tant and are found in refractory OGS.21
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It is thought that Wnt-β-catenin signalling pathway

plays a key role in the development of OGS and che-

motherapy resistance. Increased cytoplasmic expression

β-catenin predicts lung metastasis in murine OGS cell

line.22 Small interfering RNA (siRNA) mediated silencing

of β-catenin leads to chemoresistance to doxorubicin

mediated by N-kappaB, inhibition of invasion and motility

in human OGS cell line.23 Increased expression of TWIST

decreases β-catenin via PI3K pathway leading to cisplatin

sensitivity in vitro.24 Knocking down of β-catenin results

in methotrexate sensitivity in OGS cell line.25 Apart from

Wnt-β-catenin pathway, Hedgehog pathway, Notch, MAP

kinase and FGF signalling pathway play a role in main-

taining OGS CSC.26

Multidrug resistance in OGS is mediated through dif-

ferent mechanisms. ATP-binding cassette transporters play

a key role in drug uptake and transport. Intracellular con-

centration of the drug is decreased by P-glycoprotein

(P-gp), a membrane efflux pump.

P-gp is associated with multidrug resistance in OGS

cell lines.27 High P-gp levels have been associated with

poor event-free survival and increase the risk of adverse

events.28 P-gp has a potential to be used as a biomarker for

risk stratification in OGS. Polymorphisms in multidrug

resistance-associated protein 2 have been associated with

necrosis, methotrexate resistance, myelosuppression and

cardiotoxicity.29

Methotrexate is one of the key drugs in OGS and it

enters into cells through reduced folate carrier (RFC).

Reduced RFC expression is associated with poor histologic

response.30,31 Low levels of DNA topoisomerase II β are

associated with multidrug resistance in OGS cell line.31

Human glutathione S-transferase P1 (GSTP1) overexpres-

sion is associated with poor histological response and prog-

nosis, as it metabolizes chemotherapeutic agents.32,33 There

is evidence to suggest that OGS cells develop resistance due

to the ability to repair the DNA damaged by cisplatin.

Excision repair cross-complementing (ERCC) polymorph-

isms were associated with event-free survival (EFS) in OGS

patients.34–36 In a meta-analysis of 858 OGS patients,

ERCC2 polymorphism Lys751Gln was associated with

OS and His46His mutation was associated with EFS.36

A key enzyme in the base excision repair pathway (repairs

DNA damage) is Apurinic/apyrimidinic exonuclease

1 (APEX 1). Increased expression of APEX 1 is associated

with decreased disease-free survival and increased tumour

recurrence.37 MicroRNAs modulate OGS drug resistance

via DNA damage repair, apoptosis avoidance, suppression

of autophagy, activation of cancer stem cells and alteration

of OGS associated signal pathways.38

EWS therapy resistance is explained on the basis of

CSC, drug-metabolizing enzymes and modulation of signal-

ling pathways. It is thought that EWSCSC arises from

primitive mesenchymal stem cells.39 The proposed explana-

tions for chemoresistance of EWS CSC are that they are

quiescent, have enhanced ability to repair DNA damage,

disrupted apoptotic pathways and high expression of drug-

efflux proteins.40 Glutathione S transferases (GST) which

belong to the family of Phase II detoxification enzymes are

involved in the metabolism of toxic compounds. Low

expression of microsomal GST was associated with better

prognosis and is correlated with sensitivity to doxorubicin.

The same group identified molecular signatures using micro-

array technology which predicted tumour resistance.41

ERBB4 tyrosine kinase is overexpressed in EWS cell line

of chemoresistant and metastatic patients. Overexpression of

ERBB4 correlates with poor disease-free survival.42 STAG2

overexpression is associated with metastaticEWS.43 Tumour

heterogeneity in tumour cells and microenvironment has

also been implicated in chemoresistant EWS.40

Constitutional activation of STAT3 causes resistance to

chemotherapy in RMS cell lines.44 In a study that included

31 patients of RMS and 12 patients of NRSTS, biopsy was

done at baseline from the primary lesion and from the

residual tumour at the end of treatment. The paired samples

were analysed for P-gp, multidrug resistance-associated pro-

tein 1 (MRP 1) and multidrug resistance 3 (MDR 3).

Expression of MRP1, MDR 3 and P-gp was higher than in

post-treatment specimens suggesting their role in chemore-

sistance. Clonal selection of MDR protein-expressing

tumour cells and up-regulation of MDR proteins were

thought to be the possible explanations for increased expres-

sion of MDR proteins in post-treatment specimens.45 Serum

and glucocorticoid inducible kinase expression in RMS has

been shown to be associated with treatment resistance in

RMS cell lines.46 In vitro and in vivo studies in RMS have

shown that GST mediates chemotherapy resistance.47

Genomic Profiling,
Next-Generation Sequencing and
Target-Based Approach
Whole genome sequencing was done in 100 patients of

OGS with outcome of relapse, percent tumour necrosis

and survival. Intronic and intergenic hotspot regions from

26 genes were identified which were associated with
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relapse. Mutations in genes belonging to AKR enzyme

family, PI3K pathways, cell-cell adhesion processes and

variants of SLC22 were associated with tumour necrosis

and survival.48 In whole-exome analysis of eight OGS

patients, out of which three were nonresponder fifteen

genes were identified which are possibly associated with

drug resistance, metastasis and can be drug targets.49 In

a case, a series of two metastatic and chemo-refractory

OGS patients comprehensive molecular profiling was

done and molecular targeted therapy was given accord-

ingly. Both the patients did not benefit from the

approach.50 Whole exome sequencing, whole transcrip-

tome sequencing, high-density single nucleotide poly-

morphism array analysis of the tumor and whole exome

sequencing of matched germline DNA was done in

59 relapse/refractory paediatric solid tumours to evaluate

genome-guided therapy. Out of 59 patients, ten patients

were refractory sarcoma [EWS-5, RMS-2, inflammatory

myofibroblastic sarcoma-2 and OGS-1]. Actionable muta-

tion with FDA (Unites States Food and Drug

Administration) approved drug in adults was seen in four

patients while for drugs currently in paediatric trial was

seen in five patients. The study showed that multi-

dimensional “omics” approach is feasible and can have

therapeutic implications.51

The Individualized Therapy for Relapsed Malignancies

in Childhood (INFORM) studied 57 patients of relapse

paediatric tumours and whole-exome, low-coverage,

whole-genome, RNA sequencing, methylation and expres-

sion microarray analysis was done. Out of these

57 patients, ten patients of EWS, 5 patients with RMS,

5 patients of OGS and NRSTSwere 3 which were analy-

sable. Eight out of 23 patients had targetable alterations

with intermediate or higher prioritization scores.52

In a study of 62 patients with relapsed/refractory pae-

diatric tumours, whole exome sequencing and RNA

sequencing were done. Thirteen patients had sarcoma

[OGS-7, RMS-4 and EWS-2]. All patients had potentially

actionable alterations, which were grouped into targeted

therapy, biomarker, risk stratification and diagnostic. Ten

patients had actionable alterations for targeted therapy out

of which two patients received targeted therapy.53

Comprehensive genomic profiling of 102 advanced/

relapse/refractory sarcoma patients were done which

included OGS (10), RMS (6) and EWS (3) and actionable

mutations were seen in six patients.54 Twenty refractory

paediatric sarcoma patients were evaluated for targetable

aberrations by array-based expression profiling. All

patients had actionable targets. Nine patients received

therapy based on actionable alteration and eleven patients

did not receive. Median OS and PFS were 8.83 and 6.17

months in the targeted treatment group compared to 4.9

months and 1.7 months in the group which did not receive

the targeted therapy, with p values of 0.0014 and 0.0011,

respectively. This study showed that patients treated with

therapy targeting genetic alterations are likely to benefit.55

In a study of 71 OGS samples from 66 adults and pae-

diatric patients, next-generation sequencing (NGS) was used

to identify potentially actionable mutations. Out of these

71 samples, 32 were from metastatic or recurrent lesions. In

metastatic/recurrent samples 41.2% had VEGFAwhereas the

primary site had only 9.7%.56 Amplification of VEGFA has

been shown to be a predictor of poor outcomes.57 In the

whole cohort, they found genetic changes that can be poten-

tially targeted in 21% and in another 40% they found

mutually exclusive VEGFA or PDGFR amplification which

can be evaluated as targets. The authors proposed a genetic

algorithm classifying approximately 50% of OGS patients

eligible for targeted therapy trials.56

Despite encouraging results in identification of targets in

refractory paediatric sarcoma, genomic profiling and next-

generation sequencing approaches are still experimental.

Current Therapeutic Options in
Selected Relapsed/Refractory
Paediatric Sarcomas
Rhabdomyosarcoma
Treatment at the time of relapse depends on many factors, viz.

site of recurrence, previous treatment received, and individual

patient preference. There are no clear guidelines for the treat-

ment of relapsedRMS. Treatment of recurrent childhoodRMS

should includemultimodality options including chemotherapy,

surgery and radiotherapy whenever feasible as summarized in

Table 4. In the case of localized disease where surgery is

possible, initial surgical resection should be attempted fol-

lowed by chemotherapy and radiotherapy. If the initial disease

is unresectable, initial chemotherapy followed by local therapy,

ie, surgery or radiotherapy should be done. Surgery may also

be attempted in patients with fewer lung metastases.

Radiotherapy is an important modality in recurrent RMS,

especially in cases where a patient has not received prior

radiotherapy and if surgical excision is not feasible.58–60 In

the case of gross metastatic disease, palliative chemotherapy

may be administered based on chemotherapeutic agents

received at the time of initial diagnosis.
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Chemotherapy has an important role in the treatment of

relapsedRMS.However, there is no clear data for the choice of

chemotherapy due to lack of comparative trials and heteroge-

neity of the trial population. Patients should be encouraged to

enrol in clinical trials if available. If the patient has previously

received two drugVA (vincristine and actinomycinD) therapy,

full course of VAC (vincristine, actinomycin D and cyclopho-

sphamide) may be administered at relapse. Patients who have

received VAC, options include Ifosfamide, carboplatin, and

etoposide (ICE); cyclophosphamide/topotecan; irinotecan,

temozolomide, vincristine; gemcitabine, docetaxel; vinorel-

bine; temsirolimus; and combination of above agents.

Various regimens are summarized in Table 1.

Ifosfamide, carboplatin, and etoposide (ICE) has been

commonly used regimen in the past, but has significant hema-

tologic toxicity. In a prospective trial of 92 patients with

relapsed solid tumours including 14 relapsed RMS, responses

were seen in 43% of patients.61 In Children’s Cancer group

pooled analysis of three phase I/II trials using ICE in 27

relapsed/refractory RMS patients, the response was observed

in two-third of patients.62

Cyclophosphamide/topotecan has been tested in some

phase II trials. In one study 10 out of 15 RMS patients

responded, however, all patients had partial response.63 In

an Italian study, topotecan/cyclophosphamide was combined

with carboplatin/etoposide in 38 patients with recurrent or

refractory RMS. Response was seen in around one-third of

patients but the 5-year OS (17%) and PFS (14%) rates were

poor. Rates of haematological toxicity were high.64

Vincristine and irinotecan with/without other drugs are

the most commonly used regimens in the current era due to

good response rates and manageable toxicity. However, gas-

trointestinal toxicity and neuropathy remain of concern.

A Children’s Oncology Group (COG) prospective, rando-

mized trial (COG-ARST0121) showed no significant differ-

ence between responses in two schedules of vincristine/

irinotecan.65 In a European Soft Tissue Sarcoma Study

Group (EpSSG) study, 120 patients with recurrent or refrac-

tory RMSwere randomized to vincristine and irinotecan (VI)

or vincristine, irinotecan, and temozolomide (VIT). The VIT

arm was associated with higher response rates and better

survival.66

High dose chemotherapy (HDT) followed by autolo-

gous hematopoietic stem cell transplantation (AHSCT) has

also been tried for patients with RMS in relapse as well as

upfront setting. However, available data did not show

a significant benefit with this approach.67,68

PAX-FOXO1 fusion protein is expressed in tumor cells in

RMS has been historically difficult to target. Novel

approaches are currently being developed designed to target

either PAX-FOXO1 or its co-regulators. Experimental

approach using nanoparticles as a vehicle to transport

siRNA to downregulate PAX-FOXO1 has been demon-

strated in vitro studies.69 Cell line studies have shown that

Table 1 Various Chemotherapy Options in Relapsed RMS

Author Year Study Nature Number (n) Chemotherapy ORR (%) CR/PR

Kung et al61 1995 I/II 14 ICE 43 3/3

Klingebiel et al174 1998 II 30 ICE 33 7/3

Van Winkle et al62 2005 I/II 27 ICE 66 9/9

Saylors et al120 2001 II 15 Cyclophosphamide/Topotecan 66 0/10

Compostella et al64 2019 II 38 Cyclophosphamide/Topotecan/Carboplatin/Etoposide 28 2/7

Mascarenhas et al65 2010 II (window) 45 Vincristine/Irinotecan 26 NA

47 Vincristine/Irinotecan 37

Defachelles et al175 2019 II 60 Vincristine/Irinotecan/Temozolomide 44 NA

60 Vincristine/Irinotecan 31

Setty et al176 2018 R 15 Vincristine/Irinotecan/Temozolomide 0 0/0

Kuttesch et al177 2009 II 11 Vinorelbine 35 1/3

Casanova et al178 2002 R 12 Vinorelbine 50 0/6

Casanova et al179 2004 I/II 17 Vinorelbine/Cyclophosphamide 36 1/6

Minard-Colin et al180 2012 II 50 Vinorelbine/Cyclophosphamide 36 4/14

Mascarenhas et al181 2014 II 87 Vinorelbine/Cyclophosphamide/Temsirolimus 26 5/6

Vinorelbine/Cyclophosphamide/Bevacizumab 37 0/17

Rapkin et al182 2012 R 5 Gemcitabine/Docetaxel 40 1/1

Abbreviations: ORR, overall response rate; CR, complete remission; PR, partial remission; ICE, ifosfamide/carboplatin/etoposide; R, retrospective.
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targeting BET bromodomain protein BRD4 which is

a coregulator of PAX-FOXO1 by JQ1 inhibits PAX-

FOXO1 function.70 Similarly, targeting chromatin helix

DNA binding protein 4 (CHD4) which acts as a coregulator

of PAX-FOXO1is feasible in preclinical models.71 Potential

targets in receptor tyrosine kinase are IGF-1R, FGFR4,

PDGFR, ALK, MET, VEGFR and ERBB2. NOTCH and

Smo are being evaluated as the target in developmental

pathways.72

Various trials involving nivolumab (NCT02304458),

pembrolizumab (NCT02332668), IGF-1 inhibitors

(NCT03041701), Wee1 inhibitor (NCT02095132) and

CDK4 inhibitors (NCT03709680) are currently under-

going. The summary of the current ongoing clinical

trials involving novel therapeutic approaches to RMS

is summarized in Table 5.

Osteosarcoma
OGS is the most common primary bone tumor in the

pediatric population.73 Two-third of patients present with

localized disease and have good long-term survival. About

20% of cases have metastatic disease at diagnosis and

have a poor outcome. However, about one-third of patients

with localized OGS and about 80% of metastatic OGS

patients relapse even after multimodality treatment. Most

relapses (>50%) occur within 2 years of diagnosis and

only a few relapses (<5%) after 5 years of initial

diagnosis.74 The most common site of relapse is lung

followed by bones and local sites. Pulmonary relapse

occurs in 60–90% of cases, bone relapse in 10–20%,

local relapse in 10–20% and other sites in <10%.75,76

Approach to treatment of relapsed OGS is based on sites

of relapse (lungs, bones, local site or multiple), resectabil-

ity and timing of relapse after the first diagnosis (Table 4).

Long-term survival in relapsed cases may be achieved

in up to one-third of cases. Various factors that predict

outcome in relapsed osteosarcoma include timing of

relapse after initial diagnosis, sites of relapse, presence

of initial metastasis, response to neo-adjuvant therapy,

achievement of second complete remission (CR2) after

relapse and age. Most important among these are timing

of relapse and site of relapse.74

Prognosis of locally recurrent OGS without systemic

metastasis is poor with long-term survival reported in

10–40% patients in retrospective studies.4,76-82 No benefit

was observed with chemotherapy administration after sur-

gical salvage.83 So locally recurrent OGS should be man-

aged by surgical resection whenever possible. The role of

chemotherapy and radiotherapy is doubtful after complete

surgical resection. Additional chemotherapy may be admi-

nistered after surgery as followed in unresectable disease.

Osteosarcoma: Lung Metastasis
In the majority of patients with relapsed OGS, lungs are

the only site of disease. Surgery (metastasectomy) is the

mainstay of management in these cases, with many cases

requiring repeated or staged lung resection.83–87 Five-year

event-free survival (EFS) for patients after complete sur-

gical resection of pulmonary metastasis ranges from 20%

to 45%.84,85 Overall survival with unresectable metastatic

disease is less than 5%.86

In the case of isolated lung metastases, the treatment of

recurrent OS is primarily surgical. Even patients with

subsequent relapses may be cured as long as recurrences

are resectable, and repeated thoracotomies may be

required.87 Surgical resection of all macroscopic disease

should be attempted with thoracoscopy or thoracotomy

with palpation of the collapsed lung. There is no compara-

tive trial or clear recommendations for using different

approaches viz. thoracoscopy, unilateral or bilateral thor-

acotomy. Unilateral multiple metastases are usually treated

with the addition of chemotherapy but the benefit is less

clear. Bilateral thoracotomy with chemotherapy is required

for the management of bilateral metastases. Unresectable

metastases are treated with chemotherapy with palliative

intent. Whether the use of preoperative chemotherapy

improves the respectability of bilateral metastases is yet

to be defined.88,89 The role of chemotherapy after surgery

is controversial.82,90 Limited success has been achieved

using radiofrequency ablation and stereotactic radiother-

apy as an alternative local treatment option for primary

lung or bone metastases.91,92

Osteosarcoma: Bone Metastasis
Patients with bone metastases have a poor prognosis with

a 5-year EFS of 11%. However, patients who have late

solitary bone relapse have a 5-year EFS of 30%.93,94

Samarium-153 ethylenediamine tetramethylene phospho-

nate (Sm 153-EDTMP) is a beta-particle–emitting radio-

pharmaceutical agent, has been studied in patients with

locally recurrent or metastatic OGS. Patients with recur-

rent OGS with bone-only involvement can be managed by

surgical resection if feasible. Patients with multiple unre-

sectable bone lesions, 153Sm-EDTMP with or without

stem cell support provide good pain relief.95,96
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Radium-223 dichloride (Ra 223) is alpha-particle–emitting

radiopharmaceutical that is under trials for treating metastatic

or recurrent OGS. Preliminary studies suggest that this agent is

active in OGS and may have less marrow toxicity and greater

efficacy than beta-particle–emitting radiopharmaceuticals

such as Sm 153-EDTMP.97,98

Osteosarcoma: Palliative Chemotherapy
Patients with unresectable disease are treated with conven-

tional chemotherapy with palliative intent. The role of che-

motherapy for recurrent OS is much less well defined. The

choice of chemotherapy depends on the prior disease-free

interval and includes ifosfamide or cyclophosphamide, with

etoposide and/or carboplatin, gemcitabine and docetaxel,

sorafenib or regorafenib and radioactive agents. Various

agents and their responses are summarised in Table 2.

Ifosfamide with etoposide/carboplatin has shown some

response in retrospective and Phase 2 trials. Responses

have been observed in about one-third of cases. Higher

responses were observed in high dose ifosfamide.99,100

The combination of gemcitabine and docetaxel has an

overall response rate of less than 20%. A 900 mg/m2

dose of gemcitabine was associated with a higher response

rate and longer survival than 675 mg/m2 dose.101,102

Cyclophosphamide and etoposide have shown some activ-

ity in recurrent OGS in two phase 2 trials.103,104

Targeted inhibition of molecular pathways viz. mTOR,

SRC kinases, and vascular endothelial growth factor recep-

tors (VEGFRs) are currently under clinical trials in relapsed

or refractory OGS. The Italian Sarcoma Group reported

a poor response rate with sorafenib alone or in combination

with everolimus. However, disease stabilization was

observed in half of the cases at 6 months.105,106 Two phase

2 double-blind, placebo-controlled have evaluated the effi-

cacy of regorafenib in OGS whose disease had progressed

after treatment with at least one previous line of chemother-

apy for metastatic disease. Responses were observed in

8–13% cases; however, at least stable disease was seen in

up to 64% cases at 8 weeks.107,108

In the Italian Sarcoma Group study, carboplatin and

etoposide followed by peripheral blood autologous stem

cell transplantation, the 3-year OS and DFS rates were

20% and 12%, which is similar to that achieved with the

conventional chemotherapeutic approach.109,110 So cur-

rently HDT followed by AHSCT is not recommended.

Current approaches for treating OGS using novel thera-

peutics are given in Table 5.

Osteosarcoma: Newer Advances
Immunotherapy targeting the PD1-PDL1 axis has shown

only modest activity in relapsed and refractory OGS

patients. In the SARC28 study of pembrolizumab, in

advanced bone and soft tissue sarcoma patients, only one

Table 2 Studies Using Chemotherapeutic Agents in Relapsed Osteosarcoma

Author Year of

Publication

Phase Number Regimen ORR % CR/PR (Number)

Harris et al99 1995 II 30 Ifosfamide 30 1/2

Kung et al183 1993 II 32 Ifosfamide + Etoposide 15 2/3

Miser et al184 1987 II 8 Ifosfamide + Etoposide 37 0/3

Cairo et al185 2001 II 23 Ifosfamide + Etoposide + Carboplatin 30 NA

Berrak et al186 2005 R 16 High dose Ifosfamide 62 6/4

Gentet et al100 1997 II 27 High dose Ifosfamide + Etoposide 48 6/7

Lee et al101 2016 R 28 Gemcitabine + Docetaxel 14 1/1

Navid et al187 2008 R 17 Gemcitabine + Docetaxel 17 0/3

Qi et al188 2012 R 18 Gemcitabine + Docetaxel 5 0/1

Palmerini et al189 2016 R 40 Gemcitabine + Docetaxel 17 0/6

Fox et al102 2012 II 14 Gemcitabine + Docetaxel 5 0/1

Berger et al103 2009 II 26 Cyclophosphamide + Etoposide 19 0/5

Rodriguez-Galindo et al104 2002 II 14 Cyclophosphamide + Etoposide 28 1/3

Grignani et al105 2012 II 35 Sorafenib 8 0/3

Grignani et al106 2015 II 38 Sorafenib + Everolimus 5 0/2

Duffaud et al107 2019 II 43 Regorafenib 8 0/2

Davis et al108 2019 II 42 Regorafenib 13 0/3

Abbreviations: CR, complete remission; ORR, overall response rate; PR, partial remission; R, retrospective.
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partial response was observed among 22 patients with OGS,

and median progression-free survival was 8 weeks.111

Prospective data from trials involving other immune check-

point inhibitors are pending. Novel immunotherapeutic

agent for the lung metastases includes inhalation of aero-

solized granulocyte-macrophage colony-stimulating factor

(GM-CSF). GM-CSF stimulates the proliferation and dif-

ferentiation of hematopoietic progenitor cells and augments

the function of neutrophils, monocytes, macrophages, and

dendritic cells. However, no significant benefit was

observed in 43 patients with pulmonary relapse from OGS

in the American Osteosarcoma Study Group (AOST) pro-

tocol 0221.112

Osteosarcoma: Ongoing Studies
AOST1421 (NCT02484443) is currently studying combi-

nation dinutuximab (anti-GD2 antibody) with sargramos-

tim (GM-CSF) in patients after complete surgical resection

of pulmonary metastasis at recurrence.

NCI-COG Paediatric Molecular Analysis for

Therapeutic Choice (MATCH) in patients between 1 and

25 years of age is next-generation sequencing-based study

in refractory and recurrent solid tumours.Children and

adolescents aged 1 to 21 years are eligible for the trial.

AOST1321 (NCT02470091) is a single-arm, phase II trial

of RANKL inhibitor denosumab, in patients with relapsed

or refractory OGS post resection of any measurable

disease.

Ewing Sarcoma [EWS]/Primitive

Neuroectodermal Tumor [PNET]
EWS is the second most common primary bone tumour

after OGS.113 With currently available therapeutic modal-

ities good outcomes have been achieved; however,

relapses occur in about 30–40% of localized disease and

up to 80% with advanced disease.114 Most of the relapses,

about 70–80% occur early (within 2 years of diagnosis).

Late (2–5 years) and very late (after 5 years of diagnosis)

relapses occur in about 20–30% and 5 −10% patients,

respectively.115,116 At relapse, most patients have meta-

static disease or combined distant and local disease (75

−85%). About 15–25% of relapses occur only at the local

site, and these are more common with initially localized

disease. Lungs are the most common sites of distant

relapse followed by bones.6,114 At the time of relapse,

about 52% of patients have symptoms, while remaining

patients are diagnosed during follow-up imaging.117

The most important prognostic factors are interval

between initial diagnosis and subsequent relapse, and site

of relapse. Other prognostic factors for poor survival at

relapse include high LDH at relapse, age >15 years, non-

pulmonary metastasis and symptomatic relapse.114,117,118

No standard approach is available for the treatment of

recurrent EWS. Multimodality treatment including sur-

gery, radiation, and chemotherapy is required and depends

on previous therapy, duration from diagnosis to relapse,

and site of relapse. Relapsed cases are considered

a systemic disease and chemotherapy is recommended in

all cases. Survival with only local recurrence is better

compared with distant and combined recurrences.118 If

operable, the patient should undergo surgery and systemic

chemotherapy. Radiotherapy may be used in case of inop-

erable cases, and if margin positivity after surgery. In cases

of metastatic disease, chemotherapy is administered with

palliative intent. Accepted approach is summarized in

Table 4.

EWS/PNET: Systemic Therapy
There is no standard second-line regimen following

relapse after the first-line treatment. Several regimens

have been tried, mostly retrospective evidence is available

with only a few Phase 1/2 trials. No single regimen had

been proven to be superior to others. Various regimens

(Table 3) with promising results includes temozolomide +

irinotecan ± vincristine, cyclophosphamide + topotecan,

gemcitabine + docetaxel, high dose ifosfamide, ifosfamide

+ etoposide ± carboplatin (ICE).62,83,102,119-123 Responses

with targeted therapy and immunotherapy have been poor.

Among the various regimens, temozolomide combined

with irinotecan has the most encouraging results.

Additional vincristine has also been used with this regi-

men. Among overall 176 combined patients from various

studies, responses had been observed in around 40% of

patients.119,124 This regimen is well tolerated with lower

myelotoxicity and fewer grade 3/4 toxicities (diarrhoea

5–10%, neuropathy 4–12%) compared with other salvage

regimens. Irinotecan has been tried by the oral route, and

initial studies have shown similar efficacy as the parenteral

route. As oral temozolomide is available, this regimen may

be considered for oral therapy.119

Topotecan and cyclophosphamide combination has

shown some efficacy with 32% response rate in 99 patients

from various studies. Grade 3/4 hematological toxicity was

observed in more than 50% of patients.120,121 Gemcitabine

with docetaxel has 29% response rate in 29 treated
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patients. Grade 3/4 neutropenia was seen in around 70% of

patients.102,122 Ifosfamide, etoposide, and carboplatin

(ICE) combination and high dose Ifosfamide had shown

good efficacy but the cost of toxicity (100% Grade 3/4

haematological toxicity).62,123 A retrospective study from

India has shown encouraging results with oral metronomic

therapy using tamoxifen, etoposide, and cyclophospha-

mide. In 49 relapsed sarcoma patients, the majority of

which was EWS, responses were observed in 59% of

patients.125 Ongoing clinical trials using novel therapeutics

for the management of refractory Ewing’s sarcoma are

given in Table no. 5.

The Euro Ewing Consortium is currently conducting

a multi-armed phase II/III randomized study (rEECur

study) in patients aged 2–50 years with recurrent EWS.

(ISRCTN 36453794). In Phase II patients will receive one

of four regimens, cyclophosphamide/topotecan, gemcita-

bine/docetaxel, high dose ifosfamide, or temozolomide/

irinotecan. In Phase III two regimens with a higher objec-

tive response rate will be tested with progression-free

survival as the primary endpoint.

EWS/PNET: Targeted Therapy
Various pathways have been identified in EWS, as targets

which may help in disease control. These include insulin

growth factor receptor 1 (IGF-1R), vascular endothelial

growth factor receptors (VEGFR), MET, EWS-FLI1 fusion,

DNA repair protein PARP1, lysine-specific demethylase

1 (LSD-1), and placenta growth factor (PGF).126–133

IGF-1R is expressed on EWS tumour cells and

drives the growth of tumour cells. Initial trials with

monoclonal antibodies against IGF −1R showed some

encouraging results but larger studies failed to provide

significant results. Studies have been done in combina-

tion with an mTOR inhibitor, but also failed to provide

meaningful benefit. Current trials of IGF-1R in combi-

nation with conventional chemotherapy are ongoing

[NCT02306161].134–137

Targeting angiogenesis has been attempted with mod-

est success using regorafenib, and cabozantinib. In heavily

pre-treated adult patients treated with regorafenib,

response was observed in 10% and 73% of patients were

progression-free at 8 weeks.137 With MET inhibitor

Table 3 Chemotherapy Regimens in Relapsed Ewing’s Sarcoma

Author Year of

Publication

Study Nature Number Chemotherapy ORR (%) CR/

PR

Temozolomide + Irinotecan

Wagner et al119 2007 Retrospective 14 Temozolomide + Irinotecan 29 1/3

Anderson et al190 2008 Retrospective 25 Temozolomide + Irinotecan 64 7/9

Casey et al191 2009 Retrospective 19 Temozolomide + Irinotecan 63 5/7

Hernández et al192 2013 Retrospective 8 Temozolomide + Irinotecan 37 0/3

Raciborska et al193 2013 Retrospective 22 Temozolomide + Irinotecan + VCR 54 5/7

Kurucu et al194 2015 Retrospective 20 Temozolomide + Irinotecan 55 NA

Palmerini et al124 2018 Retrospective 51 Temozolomide + Irinotecan 34 5/12

Buyukkapu et al195 2018 Retrospective 15 Temozolomide + Irinotecan + VCR 40 4/2

Topotecan + Cyclophosphamide

Saylors et al120 2001 II 17 Topotecan + Cyclophosphamide 35 2/4

Hunold et al196 2006 Retrospective 54 Topotecan + Cyclophosphamide 32 0/16

Farhat et al197 2013 Retrospective 14 Topotecan + Cyclophosphamide 21 0/3

Kebudi et al121 2013 Retrospective 14 Topotecan + Cyclophosphamide 50 2/5

Gemcitabine + Docetaxel

Fox et al102 2012 II 14 Gemcitabine + Docetaxel 6 0/2

Mora et al198 2009 Retrospective 6 Gemcitabine + Docetaxel 67 3/1

Tanaka et al122 2016 Retrospective 4 Gemcitabine + Docetaxel 25 0/1

Others

Ferrari et al123 2009 Retrospective 37 High dose Ifosfamide 34 02/10

van Maldegem et al199 2015 Retrospective 107 Etoposide + platinum 27 15/14

Van Winkle et al62 2005 I/II 22 Ifosfamide + carboplatin +Etoposide 48 7/14

Devadas et al125 2019 Retrospective 49 Tamoxifen + Etoposide + Cyclophosphamide 59 21/8

Abbreviations: CR, complete remission; ORR, overall response rate; PR, partial remission; VCR, vincristine.
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cabozantinib responses have been observed in around 28%

and 24% of patients were progression-free at 6 months.129

EWS-FLI1 is the principal driver of tumour growth in

EWS. EWS-FLI1 fusion protein is a possible target for therapy

in relapsed cases; however, it is very difficult to target.131

BRD4 protein is a member of the bromodomain and extra

terminal domain (BET) family of proteins, is a transcriptional

regulator required for the EWS-FLI1 fusion protein function.

Bromodomain inhibitors inhibit gene expression of EWS-

FLI1.132 Clinical trials using bromodomain inhibitors are cur-

rently ongoing [NCT02419417, NCT03220347].

Poly (ADP-ribose) polymerase (PARP) is a family of

proteins involved in various cellular processes including

DNA repair and genomic stability. The expression of PARP1

is elevated in EWS. Olaparib did not have an objective clinical

response in a phase 2 trial, though patients were not selected

based on biomarkers.138 Currently, trials are undergoingwhich

are selecting patients based on actionable mutation olaparib

(NCT03233204), talazoparib (NCT02116777) and niraparib

(NCT02044120).

Lysine-specific demethylase 1 (LSD-1) regulates his-

tone methylation and influences the epigenetic state of

cells, is upregulated in EWS. It is a transcriptional repres-

sor of downstream targets of EWS/FLI1 and inhibits

tumour growth.139 Clinical trials are currently ongoing

with LSD −1 inhibitors [NCT03514407, NCT03600649].

Other targets that have been identified are NKX2.2,

HSP90, FOX01 and ATR.140

EWS/PNET: Immunotherapy
Immunotherapy targeting PD-1/PD-L1 axis has shown

disappointing results in relapsed EWS. PDL1 expression

has observed in around 20% of cases; however, these have

low mutational tumour burden (TMB), and low level of

tumour infiltrating lymphocytes (TIL).43,141 No objective

responses have been observed in patients treated with the

anti-PD-1 antibody pembrolizumab or nivolumab.111,142

A novel strategy in the field of immunotherapy for

EWS known as Vigil or FANG has shown promising

results. In this tumor cells are obtained by biopsy or

Table 4 Summary of Treatment of Relapsed Paediatric Sarcomas

Disease Site and Extent Resectability Management

Rhabdomyosarcoma

Localized or

few metastasis

Resectable Surgery → chemotherapy ± radiotherapy

Unresectable Chemotherapy → surgery or/+ radiotherapy

Multiple metastasis Unresectable Previously received 2 drug (VCR + Act D) → VAC regimen

Previously received 3 drug VAC regimen →

ICE or VCR + Irinotecan ± Temozolomide

Osteosarcoma

Localized or

few metastasis

Resectable Surgery → chemotherapy ± radiotherapy

Unresectable Palliative chemotherapy (high dose Ifosfamide based) or regorafenib

Lung metastasis Resectable Surgery → chemotherapy ± radiotherapy

Unresectable Palliative chemotherapy (high dose Ifosfamide based) or regorafenib

Painful bony metastasis Unresectable Sm 153 EDTMP or Ra 223

Multiple metastasis Unresectable Palliative chemotherapy (high dose Ifosfamide based) or regorafenib

Ewing sarcoma

Localized or

few metastasis

Resectable Surgery → chemotherapy ± radiotherapy

Unresectable Chemotherapy → surgery or radiotherapy

Multiple metastasis Unresectable Palliative chemotherapy (ICE or Irinotecan + Temozolomide ± VCR)

Infantile fibrosarcoma

Localized Resectable Surgery → chemotherapy ± radiotherapy

Multiple metastasis Unresectable Palliative NTRK inhibitors viz. Larotrectinib

Abbreviations: Act D, actinomycin D; ICE, ifosfamide/carboplatin/etoposide; NTRK, neurotrophic tropomyosin receptor kinase; VAC, vincristine/actinomycin D/cyclopho-

sphamide; VCR, vincristine.
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resection and transfected with a plasmid containing the

rhGMCSF (recombinant human GM-CSF) transgene and

the shRNAfurin(short hairpin RNA inactivating furin). This

leads to the upregulation of the immune system by inhibi-

tion of TGF-beta1 and 2 mediated pathways.139,143 Ghisoli

et al144 have reported a 1-year survival of 73% for relapsed

EWS patients treated with Vigil compared to 23% for

those treated with conventional chemotherapy. A phase

III trial is currently undergoing in which relapsed EWS

patients are treated with temozolomide/irinotecan combi-

nation with and without Vigil [NCT03495921].

EWS/PNET: Role of ASCT
The role of HDT followed by ASCT is doubtful in relapsed

EWS due to the lack of any prospective trial in this popula-

tion. Various retrospective analyses have shown the benefit

of HDT followed by ASCT. However, ASCTwas done in the

patients responding to initial chemotherapy. This limits the

role of ASCT in relapsed EWS and it is not routinely

recommended.145–147 Temozolomide/Irinotecan-based che-

motherapy may be favored due to higher responses and

lower toxicity.

Infantile Fibrosarcoma
Infantile fibrosarcoma (IF) also known as congenital fibro-

sarcoma is a rare soft tissue tumor that presents at birth or

develops in the 1st year of life. They represent approxi-

mately 5% to 10% of all sarcomas in infants.148–150 It has

a reciprocal translocation, t(12;15)(p13;q25), resulting in

ETV6/NTRK3 gene fusion in which the ETV6 (TEL) gene

from 12p13 fuses with the NTRK3 gene (Trk C) on

15q25.151

The European Paediatric Soft Tissue Sarcoma Study

Group evaluated a conservative therapeutic strategy in 50

infants with localized IFS. The initial surgery was per-

formed if it could be done without mutilation. No further

Table 5 Ongoing Studies in Relapsed/Refractory Paediatric Sarcoma

Clinical Trial

Identifier

Name of Agent Disease Phase Population Primary Outcome

NCT02304458 Nivolumab ± Ipilimumab Multiple solid tumours I/II 1–18 years Objective response rate

NCT02332668 Pembrolizumab Relapsed or refractory

solid tumours

II 6 months to

18 years

Objective response rate

NCT03041701 Ganitumab (anti- IGF1R) +

Dasatinib (SRC inhibitor)

Relapsed or refractory

rhabdomyosarcoma

I/II No age limit Objective response rate

NCT03709680 ● Palbociclib + Temozolomide +

Irinotecan

Relapsed or refractory

pediatric sarcomas

I/II 2–21 years Objective response rate

NCT02095132 Adavosertib (WEE1 Inhibitor) +

Irinotecan

Relapsed or refractory

pediatric tumours

I/II 1–16 years Maximal tolerable dose/toxicity

NCT02484443 Dinutuximab (Anti GD2) +

Sargramostim

Recurrent osteosarcoma II Up to 16

years

Disease control rate

NCT02470091 Denosumab (RANKL inhibitor) Osteosarcoma II 11–50 years Disease control rate

NCT03155620 Targeted Therapy Directed by

Genetic Testing

Relapsed or refractory

solid tumours

II 1–16 years Objective response rate

NCT02867592 Cabozantinib Relapsed or refractory

solid tumours

II <18 years Objective response rate

NCT03514407 iNCB059872

(LSD1 Inhibitor)

Relapsed or refractory

Ewing Sarcoma

Ib 12 years and

older

Safety and preliminary antitumor

activity

NCT02419417 BMS-986158

(BET Inhibitor) ± Nivolumab

Advanced solid tumours I/IIa 12 years and

older

Safety, tolerability, pharmacokinetics,

pharmacodynamics

NCT03220347 INCB059872 Relapsed or refractory

Ewing sarcoma

I 12 years and

older

Safety, tolerability, pharmacokinetics,

and pharmacodynamics
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therapy was given if negative margins (group I/R0; n=11)

or microscopic positive margins (group II/R1; n=8). Non-

alkylator-based chemotherapy vincristine-actinomycin

(VA) was administered to those with initial inoperable

tumours (group III/R2; n=31). Response to chemotherapy

was observed in 68% of patients. The 3-year event-free

survival was 84% and the overall survival 94.0% at

a median follow-up of 4.7 years.152

As discussed, ETV6/NTRK3 gene fusion is found in

patients with IF. Larotrectinib is an oral ATP-competitive

inhibitor of TRK A, B, and C. In a phase I/II basket trial

involving 55 adults and paediatric patients with advanced

or metastatic tumours with TRK fusion proteins, seven

patients with IF were included. All patients responded to

larotrectinib with two patients achieved complete remis-

sion and five achieved partial responses.153 Larotrectinib

was approved by the FDA for use in adults and children

with solid tumours with an NTRK gene fusion without

a known acquired resistance mutation, which are either

metastatic or where surgical resection is likely to result

in severe morbidity, and who have no satisfactory alter-

native treatments or who have progressed following

treatment.

In a patient with IF, upfront surgical resection should

be considered. If the tumour is very large and a mutilating

surgery is expected, neoadjuvant therapy similar to RMS

may be administered. In cases of relapsed and metastatic

IF, where the tumour is not surgically amenable, the

patient should be started on larotrectinib or enrolled in

a clinical trial. Summary of current modalities is men-

tioned in Table 4, recent novel therapeutic approaches

are given in Table 5.

Non-Chemotherapeutic
Approaches in Refractory Pediatric
Sarcoma Including Newer Advances
Metronomic Therapy
Metronomic therapy is low-dose, prolonged, continuous

administration of drugs that inhibits angiogenesis.154,155

Metronomic therapy was shown to be safe and well toler-

ated in a study of 16 children with relapsed/refractory

patients which included five patients with OGS.156

A randomized controlled trial comparing metronomic ther-

apy with placebo, in extracranial non-hematopoietic pae-

diatric solid tumours, post lines of chemotherapy were

done to evaluate the role of metronomic therapy with the

proportion of patients without disease progression as an

endpoint. There was no significant difference between the

two groups. However, in post hoc subgroup analysis

patients who received more than three cycles and did not

have bone sarcoma benefited with metronomic therapy.157

Metronomic therapy needs to be explored in a palliative

setting, in clinical trials designed for this group of patients.

Immune Check-Point Inhibitors
Few STS[1–5%] may have genomic instability in the form

of Microsatellite instability [MSI], such as MSI-H, which is

the biologic basis of deficient mismatch repair (dMMR).158

They may respond to anti-programmed death receptor 1

[PDl] or anti-programmed death receptor ligand 1 [PDL1]

inhibitors. Recently FDA has approved pembrolizumab,

a PD1 inhibitor as a treatment option in certain advanced

solid tumours including STS that are refractory to standard

of care therapy which are MSI-H or dMMR.159 PD-1–

expressing TILs and tumour PD-L1 expression were seen

in 65% and 58% of tumours in 105 cases of various STS

sub-types. Initial immunotherapy trials did show a modest

response in advanced STS with few tumour types showed

predominantly stable disease.160–163 Second study showed

encouraging results in some adult-type STS [dedifferen-

tiated liposarcoma & undifferentiated pleomorphic sar-

coma] but none in paediatric sarcoma.111

Ipilimumab a CTLA4 immune checkpoint inhibitor

was evaluated in Phase I clinical trial for refractory pedia-

tric sarcoma which included OGS and RMS. No objective

responses were seen.161 Similarly, a phase I/II trial in

relapsed refractory Ewing’s sarcoma and OGS using nivo-

lumab and combination of nivolumab plus ipilimumab did

not show any objective response.163

Immunotherapy probably will not be as effective as in

adult oncology because pediatric cancers have less tumor

mutational burden, immune system in children is still

maturing and regulatory T cells present in the microenvir-

onment of pediatric sarcomas have high immunosuppres-

sive action which hinders immunotherapy.72 Many clinical

trials ongoing on refractory STS evaluating the role of

immunotherapy and the majority of them include adult

patients with STS (Table 5).

Cancer Vaccines
Dendritic cell vaccine is a novel approach that appears to

be promising. In metastatic and refractory pediatric sar-

coma autologous lymphocyte infusion plus sequential

autologous tumor lysate vaccines were administered as

adjuvant therapy after completion of conventional therapy.
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Five-year survival was 63% in patients with EWS and

RMS and 74% in patients who did not have any residual

disease after conventional therapy.164

CAR-T Therapy
In view of the limitations of immune checkpoint inhibitors

in refractory pediatric sarcoma, CAR-T cells have gener-

ated a lot of interest. The key challenges lie in the rarity of

the disease and finding an appropriate target. To circum-

vent these problems current research is focussing on devel-

oping CAR-T cells against antigens which are present in

other tumors as well as refractory pediatric tumors.165

Phase I clinical trials of EGFR as CAR-T cells as target

in OS, RMS and EWS (NCT03618381) are going on. GD2

is another target of CAR-T cells that are currently being

tried in OGS, EWS and sarcoma (NCT01953900,

NCT02107963, NCT03356782). Infantile fibrosarcoma

with a high level of tumor-infiltrating lymphocytes with

high expression of costimulatory molecules suggests that

adoptive T-cell therapy could be an option.166

Promising Immunotherapeutic

Approaches in Pediatric Sarcomas
Paediatric sarcomas express fewer neoantigen than adult

type and distinguish them distinctly from adult STS in

terms of pathogenesis as well as response to immune

checkpoint inhibitors.167 Neoantigen expression is vital

for immune cell infiltration in the tumor microenvironment

and subsequent immune-mediated cell killing. The discov-

ery of neoantigen and development of directed therapy is

of paramount importance. Surface targets such as ganglio-

side GD2 and GD3 are expressed in paediatric sarcomas

and also IGF1R in Ewing’s sarcoma. These surface anti-

gens can be targeted with advanced targeted therapy

including CAR-T cell therapy.168

However, it is pertinent to note that novel therapeutical

approaches that have been successful in other cancers have

not yet impacted the management of pediatric sarcoma

patients. INFORM study and other studies using the

“omics” approach have generated huge genetic, epigenetic,

gene expression data along with the identification of new

driver mutations, but patients have not benefited in terms

of survival from this genetic data acquisition.

Immunotherapy with conventional targets has failed in

pediatric refractory sarcomas. Drug screens have identified

new drugs and are currently under trials, but proof of

efficacy is lacking.

Future Direction
Systemic combination chemotherapy has reached a plateau

in terms of cure rate & survival after huge success over the

last 3 decades and has complemented by advanced surgical

techniques, improved quality of life with limb salvage ther-

apy and better prosthesis with newer engineering and

improved radiation technique sparing short-&long-term

treatment-related toxicities. Now, the focus is on further

improving the survival, lowering long-term treatment-

related toxicities, better salvage therapy in case of recurrent

disease and to find the cure with research & development of

newer therapeutics for metastatic disease. Newer targets in

refractory sarcomas are shown in Figure 1.

Various immunotherapeutic approaches – both as sin-

gle agents and in combination are in clinical studies or

published with the mixed outcome and some are

promising.169 Chemo-immunotherapy combination thera-

pies can be one of the potential strategies in those with

a high burden or upfront metastatic disease after the huge

success of the same approach in non-small cell lung

cancer.170 Cellular vaccine171 & adaptive cell therapy,172

defining kinome and development of small molecule tar-

geted therapies [NCT02601950] are emerging & theoreti-

cally promising treatment strategies in paediatric sarcoma

especially translocation associated sarcomas.

Maintenance immunotherapeutic strategy after comple-

tion of definitive initial treatment may improve the long-term

outcome just like PACIFIC173 study demonstrated huge suc-

cess of Durvalumab [an anti-PDL1 antibody] in stage 3

NSCLC after definitive chemoradiation and should be inves-

tigated in paediatric sarcomas. A strategy that decreases the

chance of recurrence in paediatric sarcomas should be

a better strategy rather than treating them on recurrence.

In the case of treatment refractoriness, a newer immu-

notherapeutic strategy like CAR-T cells can be an emerging

& promising therapy that can cure even treatment-resistant

cases, just like in haematological malignancies. International

and national collaboration of multi-pronged treatment strat-

egy, personalized & precision medicine and a better under-

standing of tumour genome, identification of treatment

resistance mechanism, exploitation of host immunity

remains the future treatment strategy in the management of

relapsed & refractory paediatric sarcomas.

Conclusions
Paediatric sarcomas are heterogeneous group of disorders

and nearly one-third of them presents with metastasis at
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presentation and another one-third relapsed after initial

curative therapies. Not much of therapeutic developments

happened in relapsed/refractory paediatric sarcomas and

current treatment options are very much limited in terms

of cure or long-term control. Multimodality treatment with

chemotherapy, surgery and/or radiotherapy can be curative

options in some limited relapsed cases or when relapse

occurs after a long remission. But, in the majority of

remaining cases, treatment refractoriness remains the main

challenge and possesses a huge unmet need. Current newer

strategies including targeted therapies, salvage chemother-

apy, ASCT, immunotherapeutic approach, adoptive cellular

therapies only produced modest & temporary responses, so

far. Better understanding of disease biology, mechanism of

treatment refractoriness, well-designed clinical trials, com-

bination chemo-immunotherapeutic strategy, better national

and international collaboration, translational research

remains the key to success and fulfils the unmet need.
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