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RMS
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CNS tumors

rhabdomyosarcoma
[

Age 0 10 20 30 40 50 60 70 years

RMS
> 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

NRSTS
> rare tumors
»  most are tumor entities typically found in adults

> extremely heterogeneus tumors

> scarcely sensitive to chemotherapy
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Different histology

Different biology

Histotypes

Pick of incidence

Moelecular finding

Clinical characteristics

Synovial sarcoma

2°-3"decade

tX;18)(p11;q11)
SYT-SSX1, SYT-5SX2, SYT-S5X4

extremity site (most frequent subtype in lung, pleura
and mediastinum) -, 60% response rate to
chemotherapy

Malignant peripheral nerve 3-47 decade loss or rearrangement of 10p, 11g, 17q |30% associated to NF-1, trunk
sheath tumor (MPNST) and 22q poor response to chemotherapy, poor prognosis
Infantile fibrosarcoma 1% year t(12;15;p13;q25) ETVG(TEL)-NTRK3 rapid growth, high chemosensitiveness
fas mesoblastic nephroma) overall good prognosis
Adult-type fibrosarcoma 4%-5° decade (2,5) and t(7,22) dency to ic spread according to tumor grade
Epithelioid sarcoma 3° decade SMARCE/INI1 lost expression in 85-93% |superficial distant site (fingers), indolent course, lymph
P13 K - AKT — MTOR signaling pathway |nodal spread
Liposarcoma 6°-7° decade myxoid liposarcoma: t(12;16)q13;p11) |different subtypes, i.e. well-diff, dediff or myxoid/round
t{12;22)(q13;q12) FUS-CHOP cell subtype - retroperitoneal location
Leiomyosarcoma 6° decade - retroperitoneum
|immunocomprornised patients
Alveolar soft part sarcoma 3° decade t(X;17)p11.2;925) poor response to chemotherapy
TFE3-ASPL PoOT Prognosis
Clear cell sarcoma 3-47 decade t(12;22)(q13;q912) t{9;22){g22;q12) poor response to chemotherapy
ATF1-EWS poor prognosis
Angiosarcoma 4°-6° decade - poar prognosis
associated with | hed, after radiotherapy
Dermatofibrosarcoma 3°-5° decade 117;22) t2;17)(p23;q923) Subcutaneous, indolent growth
protuberans ALK-CLTC  PDGFB-COL1A1
Extraskeletal myxoid 5°-6° decade t(9;22){q22;912) (9;17)(q22;911.2) low-growing tumor of ity
chondrosarcoma EWS-CHN
Extraskeletal mesenchymal 2°-3° decade complex cytogenetic alteration head-neck region (orbit)
chondrosarcoma 1(11;22) (924;q12) (as Ewing family highly aggressive tumor
tumors)
Desmoplastic small round cell |2°-3° decade t(11;22) (p13;q12) abdominal mass widely disseminated at onset,
tumer EWS-WT1 | seeding, poor outcome

Extracranial extrarenal
rhabdoid tumor

infants and young
children

rutated hSNF5/INI 1 gene

poor prognosis

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.
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Different histology Different biology Different clinical aspects

« 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
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Different histology Different biology Different clinical aspects Different outcome
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Figure 1 Overall and progression-free (dotted line) survival.




Turning points in the
management of pediatric NRSTS

2005

2015

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

»  StJude — 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

Pediatric cooperative groups started to
develop clinical trials specifically tailored to
NRSTS, ie. 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




Turning points in the 2005 2015
management of pediatric NRSTS | |

synovial sarcoma

angiosarcoma undifferentiated high-grade pleomorphic sarcoma

epithelioid hemangioendothelioma BCOR family / CIC-rearranged undifferentiated sarcomas

desmoid -type fibromatosis
MPNST
epithelioid sarcoma

rhabdoid tumor
inflammatory myofibroblastic tumors

INFANTILE FIBROSARCOM A
leiomyosarcoma

LIPOSARCOMA

adult-type fibrosarcoma

clear cell sarcoma
exttaosseou’d jwin.g Satcoma

dermatofibrosarcoma protuberans

The different NRSTS entities were often treated all
together, including in the same approach (and in the refinement of diagnostic criteria
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

biologic targets
re-delineation of treatment strategies
novel agents
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Paediatric non-rhabdomyosarcoma soft tissue sarcomas:
the prospective NRSTS 2005 study by the European Pediatric
Soft Tissue Sarcoma Study Group (EpSSG)

Andrea Ferra,

i Zanete, g rabioseranga,

@x®

Rita Alaggio, Stefan Schifflers, Gemal Romirez r, Chiara Giroudo, Akmal Safwat,

DanielOrbech

Summary

Back pan (NRSTS),

which account for about 4% of childhood cancers, is . We report the resulls of the NRSTS 2005 protocol  meishetontes
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per week| at a dose of 50-4 Gy ar 54-0 Gy, 1o a maximum of 59-4 Gy). The number of chemotherapy cycles ranged
from three to seven depending on the stage of the disease. The primary outcomes were event-free survival and ov
survival. This study has been completed, and is registered under EudraCT, 2005-001139-31.

Findings Between May 31, 2005, and Dec 31, 2016, 1321 patients were enrolled, of whom 569 (206 with synavial
sarcoma and 363 with adult-type NRSTS), with a median age of 12-6 years (IQR 8-2-14.9), were included in this
analysis, With a median follow-up of 300 months (IQR 54-3-111-3) for the 467 patients alive, Syear eventfree
survival was 73-79% (95% CI 69-7-77-2) and S-year averall survival was 83 8% (95% CI 80-3-36-7). S-year eventree

I was 91-45 (95% CI 87-0-94-4) and 5-year overall survival was 98-1% (95% CI 95-0-99.3) in the surgery
alone group (n=250); 75 5% (46:9-90-1) and 88 2% (60-6-96:9) in the adjuvant radiotherapy group (n=17); 6565
(54-8-74-5) and 75 8% (65 3-83.5) in the adjuvant chemotherapy group (n=03); and 56.49% (49. 3-63-0) and 70-4%
(63-3-76-4) in the neoadjuvant chemotherapy group (n=209). Reported severe adverse events included one case of
generalised seizures (probably related to ifosfamide) and six cases of secondary tumours,

Interpretation Findings from the EpSSG NRSTS. 2005 study help to d
patient populat

alone group). Improving the outcome for patients with high-risk, initially resected adult-type NRSTS and those with
initially unresectable disease remains a major clinical challenge.
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soft-tissue sarcomas in patients younger than 30 years
(ARST0332): a Children’s Oncology Group prospective study
Sheri L Spunt, Lynn Million, Yueh-Yun Chi james Anderson, Jing Tian, EmilyHibbitts, Cheryl Coffin, M Beth McCorvile. PLUA‘GDﬂ’cJI

David M Parham, Jennifer O Bladk, Simon C Koo, Andrea Fran Lourie, peigl
Stephen x Skapek, Willlam Meyes, Alberto S Pappo, Dougias 5 Hawkins

Summary
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Paediatric non-rhabdomyosarcoma soft tissue sarcomas:
the prospective NRSTS 2005 study by the European Pediatric
Soft Tissue Sarcoma Study Group (EpSSG)
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Summary
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Background A standardised approach to treatment of paediatri oma soft t (NRSTS),
which account for about 4% of childhood cancers, is still lacking. We report the results of the NRSTS 2005 protocol
developed specifically by the European Pediatric Soft Tissue Sarcoma Study Group (EpSSG) to determine a risk-adapted
multimodal standard of care for this group of tumours.

Methods The EpSSG NRSTS 2005 study included two prospective, non-randomised, historically controlled trials (one
onlocalised adult-type NRSTS and the other on localised synovial sarcoma) done at 100 academic centres and hospitals
in 14 countries. Patients younger than 21 years with a pathologically proven diagnosis of synovial sarcoma or an
adult-type NRSTS, no evidence of metastatic disease, no previous treatment other than primary surgery, and diagnostic
specimens available for pathological review were included. Patients were stratified by surgical stage, tumour size,
nodal involvement, tumour grade (for adult-type NRSTS), and tumour site (for synovial sarcoma). Patients were then
divided into four treatment groups: surgery alone, adjuvant radiotherapy, adjuvant chemotherapy (with or without
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52352-4642(21)00159-0

See Online/Comment
hitps{/doi.org/101016/
52352-4642(21)00178-4
Pediatric Oncology Unit,
Fondazione IRCCS Istituto
Nazionale Tumori, Milano, Italy
(A Ferrari MD, M Casanova MD);
Princess Mixima Center for
PediatricOncology, Utrecht,

or d (with or without The main ¢ regimen was  Netherands
ifosfamide (3-0 g/m2 intravenously per day for 3 days) plus doxorubicin (37-5 mg/ 'm2 intravenously per day for 2 days); ":x:":‘-::‘ ':“
only ifosfamide (3-0 g/m2 intravenously per day for 2 days) was given with (delivered with 1" Merks o) visen

three-dimensional conformal external beam technique, using conventional fractionation [1-8 daily fractions, 5 days
per week] at a dose of 50-4 Gy or 54-0 Gy, to a maximum of 59-4 Gy). The number of chemotherapy cycles ranged
from three to seven depending on the stage of the disease. The primary outcomes were event-free survival and overall
survival. This study has been completed, and is registered under EudraCT, 2005-001139-31.

Findings Between May 31, 2005, and Dec 31, 2016, 1321 patients were enrolled, of whom 569 (206 with synovial
sarcoma and 363 with adult-type NRSTS), with a median age of 126 years (IQR 8-2-14-9), were included in this
analysis. With a median follow-up of 80-0 months (IQR 54-3-111-3) for the 467 patients alive, S-year event-free
survival was 73-7% (95% CI 69-7-77-2) and 5-year overall survival was 83-8% (95% CI 80-3-86.7). S-year event-free
survival was 91-4% (95% CI 87-0-94.4) and 5-year overall survival was 98-1% (95% CI 95:0-99-3) in the surgery
alone group (n=250); 75-5% (46-9-90-1) and 88-2% (60-6-96-9) in the adjuvant radiotherapy group (n=17); 65-6%
(54-8-74-5) and 75-8% (65-3-83-5) in the adjuvant chemotherapy group (n=93); and 5649 (49-3-63-0) and 70-4%
(63-3-76-4) in the neoadjuvant chemotherapy group (n=209). Reported severe adverse events included one case of
generalised seizures (probably related to ifosfamide) and six cases of secondary tumours.

Interpretation Findings from the EpSSG NRSTS 2005 study help to define the risk-adapted standard of care for this
patient population. Adjuvant treatment can be safely omitted in the low-risk population (classified here as the surgery
alone group). Improving the outcome for patients with high-risk, ially resected adult-type NRSTS and those with
initially unresectable disease remains a major clinical challenge.

Funding Fondazione Citta della Speranza.
Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction varying from relatively benign to highly malignant

The tumours collectively known as non-rhabdomyo-  Although some NRSTS histotypes are specific to infants
sarcoma soft tissue sarcomas (NRSTS) form a hetero- and young children (younger than 3 years), most are
geneous group of malignant extraskeletal mesenchymal ~more common in adults and rare in children.' Given
neoplasms accounting for about 4% of childhood cancers.  this rarity, data on the disease course and treatment of
More than 50 distinct histological subtypes have been paediatric NRSTS remain scarce.”" In the past, these
described, with biological and clinical characteristics tumours were managed with prolonged chemotherapy,
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Table 1

Main findings of the COG ARST0332 and the EpSSG NRSTS 2005 studies.

COG ARST 0332
Spunt SL, et al Lancet Oncol. 2020 Jan; 21(1):145-161

EpSSG NRSTS 2005
Ferrari A, et al. Lancet Child Adolesc Health. 2021 Aug;
5(8):346—558.

Controversies and challenges in the management of
paediatric non-rhabdomyosarcoma soft tissue sarcomas

*Andrea Ferrari, SheriL Spunt, Monika Sparber-Sauer,
David O Walterhouse, Kristian W Pajtler, William H Meyer,
Daniel Orbach, Aaron Weiss

European Journal of Cancer 169 (2022) 10—19

The treatment approach to pediatric non-
rhabdomyosarcoma soft tissue sarcomas: a critical review
from the INternational Soft Tissue SaRcoma
ConsorTium

Andrea Ferrari **, Daniel Orbach °, Monika Sparber-Sauer ed
David O. Walterhouse °, Kristian W. Pajtler Leh william H. Meyer ',
Sheri L. Spunt”’, Aaron R. Weiss K

May 2005—Dec 2016
100 centres in 14 countries

tumours including synovial sarcoma and

Study period Feb 2007—Feb 2012
Participating centres 159 centres from 3 countries
Inclusion criteria
Age <30 years <21 years
Histotypes Intermediate, rarely met ising* and mali, Mali
tumours”
Tumour stage All stages

Treatment grouping

Risk factors Presence of metastases, surgical stage (IRS group),

tumour grade (POG system), tumour size (< or =5 cm)

Groups

. Low-nisk (la. surgery alone, 1b. radiotherapy)

=

neoadjuvant chemoradiotherapy)

v

adjuvant chemoradiotherapy)

Systemic therapy Ifosfamide-doxorubicin chemotherapy and local

treatment according to TR S group (radiotherapy mainly

pre-operative)
Results 529 evaluablke patients

Qutcomes S-year EFS 68.0%, 5-year 79.4% (including metastatic

patients)

Main conclusions e risk stratification system separated patients effec-

tively into prognostic subgroups

e Radiotherapy can be safely omitted in some low-

risk clinical settings

e A lower radiotherapy dose than is typically used

produced high rates of local tumour control

e Neoadjuvant  dose-intensive  ifosfamide  plus

doxorubicin chemotherapy combined with
radiotherapy is feasible and produced a high
proportion of delayed gross resection

Intermediate-risk (2a. chemoradiotherapy, 2b.

. High-risk (3a. chemoradiotherapy, 3b. neo-

‘adult-type’ NRSTS®
Localised disease (metastatic disease excluded)”

Surgical stage (IRS group), tumour grade (FNCLCC

system), tumour size (< or >3 cm), nodal involvement,

and (for synovial sarcoma) tumour site

1. Surgery alone

2. Adjuvant radiotherapy

3. Adjuvant  chemotherapy (with or without
radiotherapy)

4. Neoadjuvant chemotherapy (with or without
radiotherapy)

Hosfamide-doxorubicin chemotherapy and local

treatment according to TRS group (radiotherapy mainly

post-operative)

569 evaluable patients

5-year EFS 73.7%, 5-year OS 83.8% (not including

metastatic patients)

* Adjuvant chemotherapy and radiotherapy can be
safely omitted in low-risk NRSTS

# The chances of investigating the role of adjuvant
chemotherapy in preventing distant recurrences in
patients with high-risk, initially-resected NRSTS
were hindered by the limited sample size

# Better results than in historical series for unre-
sected cases; neo-adjuvant ifosfamide-doxorubicin
chemotherapy improved the resectability

X4

the COG ARSTO0332 trial and the EpSSG NRSTS 2005
study represent the benchmark for this tumor group, and
defines the risk-adapted standard of care
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occurring mainly in adult age and characterized
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epithelioid hemangioendothelioma
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Synovial sarcoma IRS grouwp |, tumour size <5 cm

IRS group |, tumour size =5 cm, any tumour grade

Initial resection only, no adjuvant treatment
Adult-type non-rhabdomyosarcoma

i IRS group |, tumour size =5 cm, tumour grade 1
soft tissue sarcomas groupl, >5cm, g

IRS group Il, any size tumour, tumour grade 1

Adjuvant radiotherapy group

IRS group |, tumour size =5 cm, tumour grade 2 Radiotherapy 50-4 Gy

Adult-type non-rhabdomyosarcoma

soft tissue sarcomas IRS group I, tumour size =5 cm, tumour grade 2-3

Radiotherapy 54-0 Gy

IRS group I, tumour size =5 cm, tumour grade 2

Adjuvant chemotherapy group (with or without radiotherapy)

IRS group |, tumaour size =5 cm | 1+D | 1+D | 1+D ‘ I+D |

IRS group Il, tumour size =5 cm I+D 1+D I+D | Radiotherapy 50-4 Gy
Synovial sarcoma

IRS growp II, tumour size =5 cm

Axial site or resected N1 1+D 1+D 1+D

Radiotherapy
. 54-0Gy

Adult-type non-rhabdomyosarcoma IRS group I-1I, tumour size =5 cm, tumour
soft tissue sarcomas grade 3 or resected N1

Neoadjuvant chemotherapy group (with orwithout radiotherapy)

Synovial sarcoma IRS group Il {unresected disease) or unresected N1 @III III

+D 1+D 1D

Radiotherapy

Adult- -rhabd
ult-type non-rhabdomyosarcoma 50.4-50 4Gy

soft tissue sarcomas




Paediatric non-rhabdomyosarcoma soft tissue sarcomas:
the prospective NRSTS 2005 study by the European Pediatric

Soft Tissue Sarcoma Study Group (EpSSG)

Andrea Ferrari, Max M van Noesel, Bernadette Brennan, llaria Zanetti, Nadege Corradini, Michela Casanova, Pablo Berlanga, Johannes H M Merks,
Rita Alaggio, Stefan Schifflers, Gema L Ramirez-Villar, Chiara Giraudo, Gabriela Guillen Burrieza, Akmal Safwat, Gianni Bisogno, Gian Luca De Salvo,

Daniel Orbach
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— Eventfree suvival
— Overall survival

Number at risk
Event-free survival 569
Overall survival 569

B
100y

Event-free survival (%)

3 3 9 2 15
301 246 17 30 2
454 278 31 3 2

— Surgery alone group
— Adjuvant radiotherapy group
— Adjuvant chemotherapy group
— Neoadjuvant chemotherapy group
+ Censored patients
Log-rank p<0-0001

0
Number at risk
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Adjvant chemotherapy 93
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Time from diagnosis (years)
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CrossMark

5-year EFS 73.7%
5-year OS 83.8%
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sarcomas in children and adolescents: A cohort study from
the European paediatric Soft tissue sarcoma Study Group
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Adult-type non-rhabdomyosarcoma soft tissue sarcomas
in pediatric age: Salvage rates and prognostic factors after
relapse

Stefano Chiaravalli ™', Luca Bergamaschi ™', Virginia Livellara ®,
Giovanna Sironi “, Nadia Puma “, Olga Nigro “, Giovanna Gattuso *,
Roberto Luksch “, Monica Terenziani *, Filippo Spreafico *,

Cristina Meazza “, Marta Podda “, Veronica Biassoni *,

Elisabetta Schiavello ®, Carlo Morosi *, Maura Massimino *,

Michela Casanova *°, Andrea Ferrari %7
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Fig. 1. Overall survival (OS) of the whole sample of patients with NRSTS after a first relapse. Fig. 2. Overall survival (OS) based on the number of patients’ prognostic risk factors emerging from the multivariable analysis (type of
relapse, time to relapse, and whether or not a secondary complete remission was achieved).
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Adoptive immunotherapy with T-cell therapy (TCR-T cells) targeting
cancer testis antigens (CTAs, i.e. NY-ESO-1, MAGE-A4, and PRAME

O 1b. Apahresis to harvest
T cells from blood
ﬂ MAGE-A4 in synovial sarcoma (ADP-A2M4 SPEAR T, NCT04044768)
\\ 2b. Genetically enginser T cells Proposed roadmap!
© G/;gggﬁllﬂ"i?ép‘om'“--._ 1. Synovial sarcoma first relapse
Synovial sarcoma = Phone call with treating physician, then with patient/gardians
MHC complex = Pre-screening performed remotely: buccal swab (HLA sample)
;‘_‘;’jme" &) 2. If HLAA*02:01 positive (ca 40%)
D03 complsx ] = Archival/fresh tissue sent for MAGE-A4 analysis
O Teall 3. If HLA-A*A02:01, MAGE-A4+, relapse/progression (ca 20%)

= Confirmatory HLA blood sample prior to leukaferesis

A Emphadepition = Lymphodepleting chemotherapy + infusion (6 weeks)

chemotherapy

/ Patient back home
4b. Infuse celis back
into patient
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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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adult-type fibrosarcoma

epithelioid sarcoma
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o clear cell sarcoma
o dermatofibrosarcoma protuberans

e  Malignant soft tissue tumors requiring a specific therapeutic approach
o rhabdoid tumor

desmoplastic small round cell tumor

undifferentiated soft part sarcoma

undifferentiated sarcoma of the liver

BCOR family / CIC-rearranged undifferentiated sarcomas
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° Soft tissue tumors of intermediate malignancy requiring specific therapeutic approaches
desmoid-type fibromatosis

infantile fibrosarcoma

inflammatory myofibroblastic tumors

epithelioid hemangioendothelioma
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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.
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