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 typical embryonal tumor of childhood

 high grade of malignancy, local invasiveness 
and a marked propensity to metastasize…
…all RMS patients should be assumed to have micrometastatic
disease at diagnosis, so systemic therapy is definitely 
recommended for all patients

 (generally) good response to chemotherapy 
(90% response rate) and radiotherapy 

 rare tumors

 most are tumor entities typically found in adults

 extremely heterogeneus tumors

 scarcely sensitive to chemotherapy

RMS

NRSTS



Different histology



Different biologyDifferent histology

As a general view, borderline and low-grade
tumors may be locally aggressive, but unlikely to
metastasize: the growth rate may be indolent and
sometimes the diagnosis is done after removing
a small swelling that has existed for several
years. High-grade tumors are more aggressive
and can have a strong propensity to metastasize,
particularly to the lung.



Different biology Different clinical aspectsDifferent histology

• MPNST are generally axial and aggressiveness disease,
characterised by poor prognosis, particularly when associated to
neurofibromatosis type 1 (NF1)

• epithelioid sarcomas present typical features such as peculiar
superficial distal location (i.e. hand, fingers), indolent growth and
tendency for lymph node involvement

• infantile fibrosarcomas is a peculiar subtype that may have
initial rapid growth and metastatic spread, but also indolent
evolution (and also spontaneous regressions have been
described)

• desmoplastic small round cell tumors (DSRCT) usually
present as large abdominal masses generally disseminated at
the time of diagnosis, with extensive spread to regional lymph
nodes, peritoneal seeding, and distant metastases; the outcome
is extremely poor despite intensive multimodality treatment
approaches



Different biology Different clinical aspects Different outcomeDifferent histology
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In the past, NRSTS = orphan diseases

Very few trials
 Pratt, JCO1999 - only NRSTS randomised study in

pediatric age (most pts refused randomization, i.e. 51/81)
 Pappo, JCO 2005 - phase 2 trial with IFO-DOXO-VCR in

advance disease -39 cases

The two largest reported series of pediatric NRSTS
were single-institution experiences
 St Jude – Spunt, JCO 1999 – 121 cases
 INT Milan - Ferrari, JCO 2005 – 182 cases

NRSTS were often treated, in Europe at least, with
RMS protocols

The different NRSTS entities were often treated all
together, including in the same approach (and in the
same analysis) very different entities as adult-type
STS and extraosseous Ewing or DSRCT; or truly
malignant tumors and soft tissue tumors with
intermediate malignancies

Turning points in the 
management of pediatric NRSTS

Pediatric cooperative groups started to
develop clinical trials specifically tailored to
NRSTS, i.e. COG ARST0332 study
(conducted from 2007 to 2012), EpSSG
NRSTS 2005 study (2005-2016).

These multimodal risk-adapted studies were
very similar in terms of their rationale,
patient stratification and treatment programs

The two publications represent the
benchmark for this tumor group, and defines
the risk-adapted standard of care
 Spunt, Lancet Oncol 2020 – 529 cases
 Ferrari, Lancet Child Adolesc Health 2021 –

569 cases

ARST1321 study
first study with a target therapy
in front-line in NRSTS
first study with adults
(cooperation embracing nearly
the whole age spectrum are
feasible... maybe)

 Weiss Lancet Oncol 2020

2015
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epithelioid hemangioendothelioma

synovial sarcoma

desmoid-type fibromatosis
MPNST

epithelioid sarcoma
alveolar soft part sarcoma

rhabdoid tumor
inflammatory myofibroblastic tumors

undifferentiated soft part sarcoma
infantile fibrosarcoma
leiomyosarcoma
liposarcoma

adult-type fibrosarcoma
desmoplastic small round cell tumor

clear cell sarcoma
extraosseous Ewing sarcoma

undifferentiated sarcoma of the liver

angiosarcoma

dermatofibrosarcoma protuberans

undifferentiated high-grade pleomorphic sarcoma
BCOR family / CIC-rearranged undifferentiated sarcomas

molecular advancements

biological stratification

biologic targets
re-delineation of treatment strategies

novel agents

Turning points in the 
management of pediatric NRSTS

more sophisticated understanding of biology
refinement of diagnostic criteria









 the COG ARST0332 trial and the EpSSG NRSTS 2005
study represent the benchmark for this tumor group, and
defines the risk-adapted standard of care



Table 2. A practical classification of the
main pediatric NRSTS histotypes

• Adult-type NRSTS requiring the same therapeutic approach
o synovial sarcoma
o malignant peripheral nerve sheath tumor
o adult-type fibrosarcoma
o epithelioid sarcoma
o leiomyosarcoma
o liposarcoma
o angiosarcoma
o undifferentiated high-grade pleomorphic sarcoma

• Adult-type NRSTS requiring a specific therapeutic approach
o alveolar soft part sarcoma
o clear cell sarcoma
o dermatofibrosarcoma protuberans

• Malignant soft tissue tumors requiring a specific therapeutic approach
o rhabdoid tumor
o desmoplastic small round cell tumor
o undifferentiated soft part sarcoma
o undifferentiated sarcoma of the liver
o BCOR family / CIC-rearranged undifferentiated sarcomas

• Soft tissue tumors of intermediate malignancy requiring specific therapeutic approaches
o desmoid-type fibromatosis
o infantile fibrosarcoma
o inflammatory myofibroblastic tumors
o epithelioid hemangioendothelioma
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Adult-type NRSTS

“definitely malignant soft tissue tumors
occurring mainly in adult age and characterized
by a closer morphological resemblance of
differentiated/mature tissues and an uncertain
response to chemotherapy”





5-year EFS 73.7%
5-year OS 83.8% 

OS 98.1% 

OS 70.4% 



• 3-year EFS 15.4% (95% CI 7.6-25.7) 
• 3-year OS 34.9% (95% CI 22.7-47.5)





Treatment at relapse for synovial sarcoma of children, adolescents and young adults: 

from the state of art to future clinical perspectives
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In press

Adoptive immunotherapy with T-cell therapy (TCR-T cells) targeting
cancer testis antigens (CTAs, i.e. NY-ESO-1, MAGE-A4, and PRAME
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• ASPS - Targeted agents (sunitinib, cediranib, pazopanib, 
tivantinib or bevacizumab) in case of 
unresectable/metastatic disease. Promising data on 
immune checkpoint inhibitors (PD1/PDL1 inhibitors)

• CCS - Promising results with immunotherapy (PD1/PDL1 
inhibitors) 

• DFSPT - Imatinib
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Overall, conventional conservative strategies before the era of targeted
therapy, even in the case of extensive tumours, demonstrate efficacy in
IFS, but are associated with acute and some chronic side effects.
TRKI have demonstrated very rapid responses in the vast majority of
children with IFS with limited acute toxicity (but with few available data
on long-term toxicity).

With the current state of our knowledge, both conventional
chemotherapy and TRKI should be regarded as options for patients
with localized disease at the physician’s and parent’s discretion.
TRKI should be considered in patients with metastatic disease, and
before mutilating surgery when conventional chemotherapy fails.
Outside a clinical trial, additional data are needed to resolve the lack of
consensus about front-line use of conventional chemotherapy versus
TRKI in patients with localised disease.





• to lead to an integrated diagnosis, and a
comprehensive understanding of the treatment
options for a given patient

• to characterize as yet unknown or unclassified
sarcomas using whole-exome sequencing (WES),
mRNA sequencing (mRNAseq), and DNA
methylation profiling

• to identify novel translocations and genetic drivers
• to identify new, reproducible molecular signatures for

predicting outcome and refine risk stratification (in
particular, the predictive role of chromosomal
instability, assessed with a genomic index or a more
complex biological signature known as CINSARC

• other working packages within the MYKIDS study
focus on liquid biopsy, the development of faithful
tumor models such as organoids, and post-
treatment molecular changes.
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