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Soft-tissue sarcoma (STS) is rare and represents approximately 7% of cancers in children and in adolescents less than
20 years of age. Rhabdomyosarcoma (rRMS) is most prevalent in children less than 10 years of age and peaks again
during adolescence (16-19 years of age). Multi-agent chemotherapy constitutes the mainstay of treatment for rMS.
In other non-rhabdomyosarcoma soft-tissue tumours, such as synovial sarcoma, evidence for routine use of chemo-
therapy is less robust, and alternative treatment options, including targeted agents and immunotherapy, are being
explored. In this review, we focus on chemotherapy for pediatric-type rRMS and discuss the advances and challenges
in systemic treatment for select non-rhabdomyosarcoma soft-tissue tumours in children and adolescents. We support
an increasingly cooperative approach for treating pediatric and adult sts.
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INTRODUCTION

Soft-tissue sarcoma (s1S) of childhood represents a hetero-
geneous group of malignancies, primarily of mesenchymal
cell origin, that can develop anywhere in the body. The
age-adjusted rate of sts for children less than 20 years of age
hasbeenreported to be 11.0 per million, which constitutes
7% of all primary malignancies for that population'. Most of
these sTss (40%) are rhabdomyosarcoma (RMS) and include
thebiologically distinct histologic subtypes embryonal RMS
(erms) and alveolar RMS (arRMS)!. Those entities present with
abimodal age distribution: alarger peak between 0 and
5yearsofage in which erms predominates, and a smaller
peak during adolescence?.

The formation oflarge cooperative groups, such as
the Intergroup Rhabdomyosarcoma Study Group (IRSG)
and the Children’s Oncology Group (c0G), has improved
patient outcomes, largely because of the introduction of
risk-adapted protocols and better supportive care. The
5-year survival rate for erms hasincreased to 73.4% in 2000
from 52.7% in 1976%. Comparatively, the survival rate for
arMs improved marginally between 1996 and 2000, to 47.8%
from 40.1%?2. The intention of systemic chemotherapy in
RMS has been to eliminate micrometastatic disease. Most
trials userisk stratification based on pathology and clinical
staging systems to determine assigned treatment. Also, RMS

ishighly sensitive to radiation therapy (r1); local control,
although mandatory, can therefore be achieved with Rt
alone or with surgery plus rT. Multi-agent chemotherapy
hasremained the mainstay of treatment for RMS, but efforts
toimprove suboptimal survival rates for arMSs are ongoing.

Non-rhabdomyosarcoma (nrsts) constitutes 4% of
childhood cancers! and has a bimodal age distribution,
with a propensity for infants and for adolescents and young
adults. Distinct pathology and molecular subtypes distin-
guish these heterogeneous rare mesenchymal tumours,
which are less chemosensitive than rMs. Limited and out-
dated prospective clinical trial data support chemotherapy
for nrsts3-°. The role for systemic therapy remains con-
troversial, but it can be incorporated into a risk-assigned
strategy based on tumour size, extent of surgical resection,
and presence of metastases®. In contrast to the approach
for rms, definitive surgical resection of the primary tumour
is the mainstay treatment for all nrstss. Furthermore,
because of the long-term consequences, the role of RTis a
topic of interest in younger patients, although rT remains
central for adults with sts. Chemotherapy seems preferable
for unresectable or metastatic disease, and increasingly,
novel therapeutic approaches are being sought as earlier
treatment options.

In the present review, we focus on systemic treatment
for pediatric sts, with afocus on RMSs and how chemotherapy
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has evolved to the current standard of care. We outline
biologic advances that are steering trials toward genomic
risk stratification and incorporation of targeted agents.
We discuss the biology, the current role for chemotherapy,
and the new approaches to management for select nrsts
entities: infantile fibrosarcoma, synovial sarcoma, BCOR
and CIC-rearranged sarcomas, and desmoplastic small
round-cell tumour (DSRCT).

METHODS

Search Strategy and Selection Criteria

Published and unpublished data for our review were identi-
fied by searching the MEDLINE, EMBASE, PubMed, and Ameri-
can Society of Clinical Oncology meetinglibrary databases
up to May 2019, the ClinicalTrials.gov Web site for registered
clinical trials, and references from relevant articles. Data
were also derived fromleadinginternational sarcoma trials
conducted by the coG and the European Paediatric Soft
Tissue Sarcoma Study Group (EpssG). Searches included all
study designs, but articles considered were limited to those
written in English. The articles focused on children 0 to 14
years of age; adolescents and young adults 15-39 years of
age were prioritized.

REVIEW
RMS

Classification

As of2013, the World Health Organization system uses
light microscopy to classify RMs into various histologic
subtypes. The two major subtypes are armMs and erRMS.
Alveolar RMsisrecognized by a characteristic alveolar pat-
tern with nests of tumour cells separated by collagenous
fibrous septa. Embryonal RMS demonstrates immature
myoblastic and stellate cells and includes botryoidal and
pleomorphicvariants. Otherless-common rRMS subtypes
include sclerosing or spindle-cell RMs and pleomorphic
rRMS’. Sclerosing or spindle-cell RMs in children tends to
occurin the paratesticularregion, followed by the head
and neck—the latter associated with MYODI mutations”®.
Pleomorphic RMS is an aggressive neoplasm with skeletal
muscle differentiation that occurs in adults more than 45
years of age and that behaves biologically and clinically
like other adult-type high-grade stss”. Our review focuses
only on non-pleomorphic rR™S.

The two most common histologic subtypes, erMmS and
arMsS, are found in 70% and 30% of all children with rMS
and, less commonly, in adults”. The childhood rms cells
are derived from mesenchymal progenitor cells that fail to
complete normal muscle development’. Embryonal RmMs
arisesmainly from the head, neck, orbit, and genitourinary
tract regions’. Alveolar RMs tumours are classically found
within the deep tissues of the extremities”.

Molecular and Cellular Biology

Alveolar rRMS is associated with specific abnormal translo-
cations, t(2;13)(q35;q14) or t(1;13)(p36;ql4), resulting
in chimeric fusion genes PAX3-FOXOI and PAX7-FOXO1I
in 60% and 20% of cases respectively. Another 20% of arMS
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caseslack the fusion and are termed “fusion-negative arms.”
Fusion-negative arMS has genomic profiling and clinical
behaviour most resembling erms, with similarly better
survival outcomes than those seen with fusion-positive
aRMS?®. In avery recent review!?, the authors suggested
that those findings provide genetic evidence for the com-
bination of erMS and fusion-negative arMs tumours into a
single “fusion-negative” RMS subset.

The PAX3/7-FOXOI fusion gene status of RMSis a useful
biomarker that predicts prognosis and is being used for
riskassignmentinlarge cooperative clinical trials through
the coG!'l. Molecular investigation to detect a FOXOI fusion
is recommended for all patients diagnosed with arms;
acceptable techniques include fluorescence in siru hybrid-
ization, reverse-transcriptase polymerase chainreaction, or
next-generation sequencing (specifically, RNA sequencing)'2.

Within the morphologic spectrum of sclerosing or
spindle cell RMS and erMs, recurring homozygous and
heterozygous MYODI Leul22Arg mutations occur, and in
one third of cases, a PIK3CA mutation coexists®. Those
molecular subtypes define an aggressive RMS subset with a
poor clinical outcome despite multimodal chemoradiation
treatment; in more than 80% of pediatric cases reviewed
retrospectively, patients died of their disease®.

Evolution of Chemotherapy and Current Standard
Treatment by Risk Group

The 1rSG proposed presurgical stages (1-4, depending
on the anatomiclocation of the primary tumour) and
postsurgical groupings (1-1v) that apply to surgical or
pathology features, or both'?. The cocG has classified RMs
into 3 risk groups (low, intermediate, and high) based on
tumour location (favourable vs. unfavourable), histology
(arMS vs. eRMS), and extent of disease (distant metasta-
ses). Combination chemotherapywith vac (vincristine—
actinomycin—cyclophosphamide), together with surgery or
RT (or both) has formed the backbone for treating RMs since
the 1970s. It has been clear that coordinated multi-agent
multimodality treatment oflong duration is required for
this complex tumour biology' (Table1).

Low-Risk Group: Low-riskdiseaseincludeslocalized
erMS in favourable or unfavourable sites (stages 1-3),
grossly resected with or without microscopic residual dis-
ease, or resected tumour-involved regional lymph nodes, or
both?2, Patients with low-risk RMs have an estimated 5-year
failure-free survival rate greater than 85%'42%24, Trials have
attempted to reduce toxicity by lowering the Rr dose and the
cumulative alkylator exposure in favourable-risk patient
populations. Regardless, findings from the IrsG studies
suggest that maintaining alkylator intensity is necessary
to preserve survival outcomes'4?4,

The ArsT0331 trial reported a failure-free survival rate
0f89% using low-dose cyclophosphamide in alow-risk
population treated over a shortened duration of 22 weeks
(from 45 weeks), with weekly vincristine. The regimen
incorporated vAc for 4 cycles (cyclophosphamide 1.2 g/m?,
total cumulative dose 4.8 g/m?), followed by vA for 4 cycles,
plus RT equivalent to thatin predecessor trial D9602 and
slightlyreduced compared with thatin irs-1v (thatis, rang-
ing between no Rt and 45 Gy according to the risk group)'®.
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However, the verylow dose of cyclophosphamide and lower
RT dose might have accounted for the inferior local failure
rate compared with rates achieved in 1rs-1v (8.1% vs. 2%
for stage 1 group 11a, and 11.5% vs. 4% for group 111 orbit
tumours)'41°. Consequently, some patients with unre-
sected erMs are now offered intermediate-risk therapy, as
discussed next.

Intermediate-Risk Group: Randomized assessments of
various combinations of chemotherapy agents in sequen-
tial IRSG, COG, and EpssG trials failed to demonstrate supe-
riority compared with the vacbackbone. The IrsG analyzed
four consecutive trials between 1972 and 1997. In the first
three IRrs trials (IRS-1, IRS-11, IRS-111), the addition of doxo-
rubicin?26 or doxorubicin and cisplatin with or without
etoposide?? to the vac regime showed no benefit. The addi-
tional agents only contributed to toxicity in patients with
intermediate or advanced disease. Most recently, the EpSsG
confirmed thatthe addition of dose-intensified doxorubicin
offered no benefit!'®.

In the irs-1v study, standard vac was compared with val
(vincristine—actinomycin-ifosfamide) or ViE (vincristine—
ifosfamide—etoposide). Compared with combination multi-
agent therapy with ifosfamide and etoposide (var and VIE),
VAC (cyclophosphamide at 2.2 g/m? per dose) was equally
effective, with no significant differencein the 3-year failure-
free survival rate (77%, 77%, and 75% for val, VIE, and VAC
respectively; p = 0.42) or the os rate (84%, 88%), and 84%
for var, ViE, and VAC respectively; p = 0.63)%4.

In ARST0531, vAC was compared with a regimen that
alternated between vac and vincristine—irinotecan, with
no difference in event-free survival [EFS (4-year EFS: 63% Vs.
59%; p=0.51)] or 0s (73% vs. 72%, p=0.80)'". The alternating
regimen was, however, associated with a lower incidence
of hematologic toxicity'” and a potential reduction in long-
term morbidity in relation to the 50% reduction in the
cumulative cyclophosphamide dose (8.4 g/m?vs. 16.8 g/m?).
That regimen has thus been adopted as the new backbone
for the newest ongoing study, ArsT1431.

High-Risk Group: High-riskrmsis defined as disease
with distant metastases and fusion-positive armS, or dis-
tant metastases in fusion-negative RMs in children more
than 10years of age!2. The prognosis for children with high-
risk RMS is poor (3-year EFS: 27%; 0s: 34%)?7. Several inde-
pendent variables (the so-called Oberlin factors) for poor
prognosis have been identified: age (<1 year, >10 years),
unfavourable site, bone or bone marrow involvement, and
multiple metastases (>3)?7. A greater number of prognostic
variables (>2 Oberlin factors) correlate with decreased EFs.

Alarge cooperative pediatric trial that enrolled 109
patients was intended to improve the outcome for children
with high-risk disease'®. The protocol offered an intensive
regime thatincorporated vincristine—irinotecan with
interval-compressed treatment involving alternating
cycles of vincristine—doxorubicin-cyclophosphamide
and ifosfamide-etoposide'®. For children with metastatic
disease and no more than 1 Oberlin risk factor, that
intensive backbone chemotherapy improved EFS to 69%
from 44% in the Oberlin cohort?’; however, no significant
benefit accrued to patients with 2 or more Oberlin risk

factors (3-year EFS: 20%)'8. Children less than 10 years of
age with metastatic erMs and no more than 1 Oberlin risk
factor experience outcomes equivalent to those in inter-
mediate-risk disease, with a 3-year EFs of 60%'8, which is
comparable to the historical 4-year EFs rate of 64% with vAC
alone (but with cumulative cyclophosphamide increased
to 30.8 g/m?)!6. Recent attempts to derive benefit by adding
temozolomide or blockade of insulin-like growth factor 1
with antibodies such as cixutumumab (in ARSTO8P1) to the
standard multi-agent cytotoxic backbone in ARsT0431!8
have failed to show significant activity?'. Altogether, no
efficient, standard risk-adapted therapy is currently
available for patients with high-risk Rms.

Local Disease Control

Local control of RMs with surgical resection or radiation, or
both, is central for improved survival. Surgical resection
of the primary tumour (groups 1 and 11) is generally rec-
ommended for better survival outcomes if clear surgical
margins are feasible and can be achieved without incur-
ring significant morbidity?4-26:28, Traditionally, RMS is very
radiosensitive, and RT was used as an early modality in the
IRSG studies. Radiation therapy still has an important role
in RMS when resection is incomplete or in the presence of
regional or distant metastases; however, with improved risk
stratification, neoadjuvant and adjuvant chemotherapy,
and supportive care, trials such as cws-91%° and D9803'6
reduced the rRT exposure in select groups. Current trials
such as coG’s ArRsT1431 (see NCT02567435 at https://Clinical
Trials.gov/) are using delayed primary excision after 9
weeks of chemotherapy to reduce the rRT dose.

Maintenance Metronomic Chemotherapy

Ofthe 20%-30% of children withlocalized RMS who relapse
on first-line therapy, about 10% achieve a response to
salvage therapy®’. Low-dose maintenance metronomic
chemotherapy can be considered in children with a high
risk of recurrence and is now integrated into the current
cog trial for patients with intermediate-risk RmS, ARST1431.
Maintenance chemotherapy uses combination intravenous
vinorelbine 25 mg/m? on days 1, 8, and 15 of each cycle and
continuous low-dose oral cyclophosphamide 25 mg/m?2.
The angiogenic activityin RMs is inhibited by the prolonged
or “metronomic” administration oflow-dose vinorelbine
and cyclophosphamide?!32, In children with relapsed or
refractory rRMs previously exposed to chemotherapy, the
overall responserate to vinorelbine and cyclophosphamide
was 38% in a small pilot study of 8 children3? and 36% in
aphase1study with 117 patients (median age: 12 years)33.
Myelosuppression is the most frequently experienced tox-
icity with this combination therapy, but overall, the studies
reported an acceptable toxicity profile.

Low-dose maintenance chemotherapyis associated
with a survival advantage in high-risk RmMs. A phase 111 trial
conducted by the EpssG investigated low-dose maintenance
chemotherapy in children between 6 months and 21 years
ofage (n=371) withlocalized rms (NO arMS or incompletely
resected erMS from an unfavourable site, or N1 disease in
complete remission)?’. Children were randomized either
to stop standard treatment or to receive an additional 6
months of maintenance. Maintenance chemotherapy was

10
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associated with superior outcomes: the 3-year disease-free
survivalimproved to 77.6% from 69.8% (p = 0.061), and the
5-year osincreased to 86.5% from 73.7% (p = 0.0097)2°. The
combination of vinorelbine and oral cyclophosphamide is
feasible asameans of disease control with tolerable toxicity.

Novel Agents and New Therapeutic Approaches
Because of the predicted poor outcomes in this popula-
tion, relapsed and refractory rMs has historically been the
preferred setting for studies involving novel therapeutic
approaches. As more is gradually learned about the muta-
tionallandscape of RMSs, some aberrant signalling pathways
are beingidentified, some of which could be actionable,
such as the Ras-P13K pathway, tyrosine kinase receptor
signalling (including fibroblast growth factor receptor, epi-
dermal growth factor receptor, and HER2), and key players
in the cell cycle such as PTEN, TP53, and CDKN2A™,

The most recent coG trial, ARST0921 (a phase 11 pilot
study for relapsed pediatric rMS), used a backbone of
vinorelbine—cyclophosphamide and randomized the addi-
tion of either bevacizumab or the mTOR (mechanistic target
ofrapamycin) inhibitor temsirolimus. Improved outcomes
were observed in the patients receiving temsirolimus com-
pared with those receiving bevacizumab—the 6-month EFs
being 69.1% compared with 54.6%34.

Immune checkpoint inhibitors have yet to earn a role
in pediatric sarcoma in general®®, but very recent data
from a phase 1 study of autologous HER2 chimeric antigen
receptor T cell infusion for pediatric and adult patients with
HER2-positive sarcoma—including RMs—look promising
and suggest objective clinical benefit in some patients®®.

Non-rhabdomyosarcoma STS

Infantile Fibrosarcoma and Other NTRK Sarcomas

Fibrosarcomais characterized by cellular proliferation
composed of mitotically active, immature fibroblastic spin-
dle cellsarranged in sheets and fascicles. When they occur
in children, they are classified in the very heterogeneous
group designated nrsts. They represent approximately
5%-10% of alldiagnosed sarcomas in infants aged less than
1 year of age®”. Overall, infantile fibrosarcoma (irs) has a
good prognosis; more than 80% of patients are cured38.

Until recently, the standard of care was a combination
of surgery and chemotherapy, given either in the neo-
adjuvant setting for inoperable tumours or as adjuvant
treatment for resectable tumours. Chemotherapy has been
reported to be fairly effective in 1rs3°. In 2010, Orbach et
al.38retrospectively reported the European experience in
56 infants, concluding that conservative surgeryremains
themainstaytreatmentforirs. Theysuggested avincristine—
dactinomycin regimen as first-line chemotherapy for
inoperable tumours with overall good prognosis.

The neurotrophic receptor tyrosine kinase genes
NTRKI, NTRK2, and NTRK3 respectively encode the TRK
proteins TRKA, TRKB, and TRKC. Recurrent chromosomal
fusion events involving various N-terminal partners and
the C-terminal kinase domain of TRKA4, B, or c have been
identified in a diversity of cancers that occurin children,
including 1rs and various sarcomas that could now be
regrouped as NTRK-positive sTs*041,

SYSTEMIC THERAPY IN PEDIATRIC STS, Ingley et al.

Asubset of childhood sarcomas that strongly resemble
Irs by morphology criteria (1rs-like sarcomas) indeed har-
bourrecurrent chromosomal abnormalities different from
the one classically found in 1rs (ETV6-NTRK3), including
EML4-NTRK3 fusions and rearrangements of the kinase
gene NTRKI. Interestingly, most irs-like sarcomas occur
ininfants, but some present in children of older age, with
apredilection for intra-abdominal sites. Clinical outcome
is less predictable, with some cases showing aggressive
clinical behaviour, including distant metastases*?.

Fusions involving TRK lead to overexpression of the
chimeric protein, resulting in constitutively active, ligand-
independent downstream signalling. Targeted therapy
with larotrectinib, a selective NTRK inhibitor, has been
administered in patients with advanced-stage irs with very
promising results in studies that were developed upfront
as pediatric and adult phase 1 studies, with an appropriate
liquid formulation of the drug*3-4°.

Larotrectinib is now approved by the U.S. Food and
DrugAdministration and the European Medicines Agency
for solid tumours with NTRK gene fusions, with a tissue-
agnostic indication. Overall management of irs and other
NTRK-positive stss—specifically the role of surgery—will
certainly be affected by that targeted agent.

Synovial Sarcomas

Synovial sarcomais a malignant mesenchymal tumour
with a predilection for the distal extremities*®. It is the most
common nrsTsin children and adolescents, and accounts
for 5%-10% of all sts!. Diagnosis is confirmed by the charac-
teristic translocation t(X;18) (p11;q11), resulting in chimeric
fusion gene SS18-SSX1, SS18-SSX2, or rarely, SS18-SSX4*".
Progression-free survival and 0s outcomes have been
evaluated using various criteria, response categories,
and follow-up*®. Ferrari et al.* reported an upfront 5-year
EFS 0f 80.7% and an 0s 0f 90.7% for localized disease in
young people treated with multimodal therapy including
ifosfamide-doxorubicin and rT, based onrisk stratification.
For young patients with low-risk (completely resected,
<5 cm tumour), intermediate-risk (completely resected,
>5cm), and high-risk disease (unresected tumour), the
3-year EFsrates were 91.7%, 91.2%, 77.3%, and the 3-year 0s
rateswere 100%, 100%, and 94.3% respectively*®, Metastatic
synovial sarcomais associated with a poor prognosis, with
areported 5-year 0s of 13%°°. Prognostic variables that
improve the likelihood of a second complete response
with aggressive second-line therapy include an extrem-
ity primary, age at diagnosis less than 12 years, absence
of chemotherapy and RT as initial treatment, and local
relapse®!. Orbach et al.>? showed that a high genomic index
oracquired genomic instability®3 (more prevalent in adults)
predicts a greater likelihood for the tumour to metastasize,
but does not reflect chemosensitivity.

No standardized treatment or consensus guidelines
have been published for children and adolescents with
synovial sarcoma. Several large retrospective series failed
to report the routine use of chemotherapy in synovial sar-
coma, with treatment modalities focused on surgery and
RT#6:5455 More recently, the EpssG and coG have shown in
prospective analyses that surgery alone is associated with
favourable outcomes in pediatric patients with localized,
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completely resected small tumours (<5 cm) regardless of
histologic grade (90% EFs, 100% 0s)¢, defining the standard
treatment for low-risk disease**°%57, Typically, for children
and adolescents with localized, resectable disease, we
favour surgery when feasible. To facilitate surgical resection
in cases oflarge, deep, unresectable tumours, we adopta
multimodal approach that might include neoadjuvant Rt or
chemotherapy (or both), considering long-term morbidity.

Younger age in synovial sarcoma has been associated
with better survival outcomes®8, but the evidence for
adjuvant chemotherapyinyounger patients is conflicting.
Traditionally, adjuvant chemotherapy has preferentially
been given to children rather than to adults®?, but the 5-
year metastasis-free survival rates for children less than
17 years of age were similar whether they received chemo-
therapy after macroscopic resection or not (67.5% vs. 75%
respectively)®. Other studies found no significant benefit
of chemotherapy forlocalized disease, but a trend toward
better survival for patients less than 18 years of age compared
with adults®. Vlenterie et al.>® support a significant survival
advantage, independent of treatment, for children compared
with older adults having localized synovial sarcoma.

Synovial sarcoma appears to be relatively more “che-
mosensitive” than other histologic types of sts in adults®!.
Inaphasenirandomized controlled trial that enrolled par-
ticipants 18-60 years of age with locally advanced, unre-
sectable, or metastatic mixed-histology sts (10%-20% being
synovial sarcoma), overall response was better (Response
Evaluation Criteria in Solid Tumors, ver. 1.0), 26% vs. 14%,
for combination doxorubicin-ifosfamide compared with
doxorubicin alone, but no survival advantage accrued
(median 0s: 14.3 months vs. 12.8 months; p = 0.076) 62,
Trabectedin has shown promising results in retrospective
trials®364 by blocking transcription factors and affecting
tumour macrophages®®. In amulticentre retrospective trial
involving 61 patients 18—-68 years of age diagnosed with
the highest-risk synovial sarcoma (metastatic disease and
heavily pretreated), trabectedin was associated with an
objective response rate of 15%), with 35% of the remaining
patients achieving disease stabilization®3.

Immunotherapeutic strategies are in development,
including those targeting synovial sarcoma that expresses
New York esophageal squamous cell carcinoma (NY-EsO-1), a
cancer/testis antigen®. The Ny-ESO-1 antigen is not typically
found in normal tissues, but it is expressed within several
tumour types, including synovial sarcoma, with up to 80%
frequency®’. It can induce a cellular immune response and
acts as atarget forimmunotherapy®. Using engineered
T cells targeting NY-ESO-1, D’Angelo et al.%9 reported an
antitumour response over several monthsin 6 of 12 patients
with metastatic synovial sarcoma (50%). In that therapy,
autologous T cells were genetically modified or transduced
with NY-ESO-1 T-cell receptors and were re-infused into
patients to target tumour-specific NY-ESO-1. The results from
ongoing trials of such cellular therapies and vaccines are
awaited (see NCT01343043, NCT03250325, NCT02869217,
and NCT03450122 at https://ClinicalTrials.gov/).

BCOR-Rearranged and CIC-Rearranged Sarcomas
Ewing sarcoma is a highly aggressive tumour, most fre-
quently arising from bone, but also from soft tissue in

approximately 10% of cases’®. Ewing-like sarcomas are a
heterogeneous group of small round-cell sarcomas that,
histologically and clinically, are subtly different from
Ewing sarcoma.

CIC-rearranged tumours are the most frequent of
the Ewing-like sarcomas, comprising up to two thirds
of EWSRI-negative Ewing-like tumours’!. Interestingly,
these sarcomas present as soft-tissue tumours in alarge
proportion of cases (87%) and share some immunohis-
tochemical features with Ewing sarcoma (strong CD99
expression), with some more-specific features (ETv4 and
WT1 expression)”®. Molecular testing to validate a CICrear-
rangement is obviously necessaryto confirm the diagnosis.
From aclinical perspective, these tumours most commonly
present in the extremities of young adult patients’?, and
theyare believed to have a more aggressive course than
that observed in classic Ewing sarcoma. Responses to
neoadjuvant chemotherapy have been described as modest
and often transient, with frequent subsequent tumour pro-
gression. For patients with localized disease, the current
questionis whether afocus on definitive local control, inan
“adult soft-tissue sarcoma approach,” should therefore be
favoured”. The largest cohort of CIC-rearranged tumours
so far (115 cases) was published by Antonescu and col-
leagues’, who confirmed the pivotal role of local control
and the aggressive clinical course of these tumours, 5-year
survival being 43%.

BCOR-rearranged round-cell sarcomas represent the
second-most-frequent subclass of Ewing-like sarcoma and
offer another very different clinical picture. Estimates
of the prevalence of BCOR-rearranged sarcoma range from
4% to 14% of all cases of undifferentiated unclassified sar-
coma’™ ™, Interestingly, in approximately one third of cases,
theyalso present as soft-tissue tumours more frequently than
do “classical” Ewing sarcomas’?. Of all BCOR-rearranged
sarcomas, 60% harbour BCOR-CCNB3 fusions’!. Molec-
ular confirmation of the BCOR rearrangement through
reverse-transcriptase polymerase chain reaction or RNA
sequencing has become a critical diagnostic test, because
the morphologic and immunohistochemical features
show considerable overlap with classical Ewing sarcoma
and with other subtypes of small round-cell tumours,
lymphomas, and carcinomas that can also arise in soft
tissue’. This type of tumour seems to occur frequently in
male adolescents and young adults’®77. Compared with
CIC-rearranged tumours, BCOR-rearranged tumours
appear to be sensitive to chemotherapy agents used in the
treatment of classical Ewing sarcoma (vincristine, doxoru-
bicin, cyclophosphamide-ifosfamide, etoposide) and have
acomparable prognosis’®?7. Until additional prospective
data from larger studies are available, clinicians might be
inclined to continue with Ewing sarcoma-like practices:
neoadjuvant multi-agent chemotherapy, with assessment
of chemosensitivity, appropriate local control, and further
adjuvant chemotherapy”3.

DSRCT

Therare, highly aggressive DSrCT usually presentsin young
men as diffuse peritoneal or abdominopelvic disease.
Occasionally, extra-abdominal diseaseis also noted. These
tumours are characterized histologically by nests of
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undifferentiated small round blue cells, lying within abun-
dant desmoplastic stroma’®. They are distinguished by the
reciprocal chromosomal translocation t(11;22)(p13;q12)
that results in the fusion of EWSR1 with WT178. Prognosis
is dismal, with a 5-year 0s of 18%7%. Management of DSRCT
is challenging, and advancements in the care of children
have been limited by the rarity of the tumour.

Desmoplastic small round-cell tumours are transiently
responsive to regimens typically used for Ewing sarcoma,
including vincristine—doxorubicin-cyclophosphamide or
ifosfamide—etoposide, often implemented in the first1ine8°,
Other second-line systemic options include combinations
ofalkylating agents and topoisomerase-containing regimens,
including temozolomide—-irinotecan, cyclophosphamide—
topotecan, and high-dose ifosfamide, with no superior strat-
egy®%8l Recently, metronomic therapy was investigated for
DSRCT, with encouraging results®.

Cytoreductive surgery and consolidative RT within a
centralized care setting® are critical for any chance of dis-
ease control. After a first report of complete cytoreductive
surgery and hyperthermicintraperitoneal chemotherapy
with cisplatin for children with DSRCT in 200783, Hayes-
Jordan and colleagues® more recently reported a median
0s of 31 months compared with 7 months for 50 children
(21 with psrcr) after complete or incomplete cytoreduction.
The same authors also demonstrated improved short-term
survival for select patients with DSRCT (n = 14) who had
complete cytoreductive surgery (median 0s: 58 months;
3-year 0s: 79%) 8. Despite local peritoneal control, 33%
of patients still developed distant disease, emphasizing
the importance of systemic therapy. Surgery followed
by consolidative whole abdominopelvic rT should also
be considered?®.

Because of abetter understanding of DSRCT genom-
ics and the poor outcomes with current therapies, novel
agents are being developed within pediatrics to target
downstream targets of the EWS-WT]I fusion protein. Those
agents include the inhibitor drug prexasertib®’, which tar-
gets checkpoint kinase 1 (CHKI), leading to bNA damage;
use of ONC20188, which induces apoptosis through the
TRAIL pathway and which is showing success in preclin-
ical models; tolerability of mToRr inhibitor regimes®’; and
activity with trabectedin®, eribulin®, and pazopanib?2.

Collaborative Systemic Approach for Children

and Adults

Pediatric oncology facilitates centralized care for children
and adolescents with sarcoma within specialized centres
andhasestablished ahigh degree ofinternational collabora-
tion to ensure greater access tolarge cooperative clinical
trials and adherence to treatment protocols. Bidirec-
tional education between providers caring for adults with
“pediatric-type” sarcomas is mandatory to ensure that
standards of care are being discussed in multidisciplinary
settings. Pediatric cooperative groups are endeavoring to
enrol adolescents and young adults onto pediatric-based
clinical trials by increasing the upper limit of eligibility
to 50 years of age%94, Europe will be opening a multi-arm,
multi-stage study (Far-rMms) for all ages of children and adults
withlocalized and metastatic frontline and relapsed rRMS to
explore treatment for RMS that will incorporate molecular
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risk stratification®®. The pragmatic aspects of delivering
“‘pediatric-type” therapy to adults require additional dis-
cussion, butintention-to-treatis an important beginning.
Similarly, with the rapid introduction of targeted agents
and immunotherapies in adult trials, further opportuni-
ties are arising for collaborations that will ensure equal
access to, and evaluation of, novel therapeutic strategies
for patients of all ages with rare sarcomas®.

SUMMARY

In this review, we highlighted the pivotal role of systemic
therapyin the treatment of RMS. The vACc backbone remains
standard, but the addition of maintenance therapy is
offering an intriguing signal. Local therapy with surgery
or RT, or both, is still crucial for these tumours, and inter-
national collaborative work has achieved appropriate risk
stratification to spare patients the use of chemotherapy or
RT whenever possible. Relapsed and locally advanced or
metastatic disease remains a challenge both for RMs and
for other sTss such as synovial sarcoma and DSRCT. The
hopeisthat molecular characterization and new therapies
will help to treat sts in children, as has been seen with the
ground-breaking use of larotrectinib for tumours with
NTRK fusions. The additional work needed for improving
outcomesinstsis widely acknowledged; however, the rarity
of the tumours and their aggressive clinical course in chil-
dren poses challenges in conducting clinical trials. Future
international collaborations for children and adults, such
as the EpssG frontline and relapsed rM™S trial, are needed to
move forward.
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