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Sarcomas are rare tumors, accounting for
approximately 1% of all malignancies

However, they are relatively frequent in
AYAs



Soft tissue sarcomas:
overall annual incidence is ~ 5-6 per
100,000 individuals, and increases
with age (from 0.9 in children < 10
years to 18.2/100,000 for individuals >
70 years)

However, their proportion decreases
with age (8% of cancers in 15-19 year-
olds)

Although only 6% of all cancers are
diagnosed between the ages of 15 and
39 years, 18% of all STSs are
diagnosed in this age range.



Soft tissue sarcomas:
more than 50 (?) different subtypes, with different biology and clinical behavior… and their spectrum
varies according to age

Adult medical oncologists and pediatric oncologists do mean different things when they talk about STSs



For both soft tissue and bone
sarcomas, patient outcomes also vary
according to age, and survival rate
drops are observed as age increases



Lancet Oncol pii: S1470-2045(16)00162-5, 2016

…it remains not completely clear whether a certain histotype 
has the same clinical behaviour  - and the same biology - when 
arising in adults or in children





Rhabdomyosarcoma

 typical embryonal tumor of childhood
 high grade of malignancy, 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



Rhabdomyosarcoma

In the past 40 years, the cure rates for RMS has improved dramatically from 25-
30% (before the modern chemotherapy-era) to approximately 70%.

Improvement in survival has been related to a treatment strategy based on

1) Centralization of care in specialized centers and wide collaboration on a
national and international level

2) High rate of inclusion in cooperative multi-institutional clinical trials

1) A risk-adapted treatment strategy

2) A multidisciplinary treatment approach, including surgery, radiotherapy
and particularly multi-agent chemotherapy



15 countries, 131 centers

from September 2005 to December 2016 



0-14 
years

observed expected O/E ratio

RMS 1139 1488 0.77

NRSTS 615 1234 0.50

all STS 1754 2722 0.64

15-19 
years

observed expected O/E ratio

RMS 201 315 0.64

NRSTS 163 902 0.18

all STS 364 1217 0.30



RISK 

GROUP

HIST IRS N SITE SIZE 

& AGE

% EFS-OS

A fav I N0 any fav 6% 90-95%

B fav I N0 any unfav 6% 78% - 90%

C fav II-III N0 fav any 18% 72% - 88%

D fav II-III N0 unfav fav 9% 80% - 85%

E fav II-III N0 unfav unfav 27% 55% - 60%

F fav II-III N1 any any 8% 50% - 60%

G unfav I-II-III N0 any any 20% 50% - 60%

H unfav I-II-III N0 any any 6% 40% - 50%

EpSSG RMS 2005

VA

IVA+VA or IVA 
± RXT

IVADo + RXT 
+ VNR-oral CTX

1° random 2° random

IVA + RXT 

IVADo + RXT

stop-therapy

maintenance 
VNR-oral CTX

RMS 2005 – a protocol for localised RMS



The anthracycline question 
Might RMS patients benefit from a greater doxorubicin dose 
intensity in the initial period of their treatment?



The maintenance treatment question 
after completing the conventional chemotherapy, give regular 
and frequent low doses of drugs (metronomic” therapy), with a 
view to obtaining an anti-angiogenic effect



R

IVA

IVADo

R

stop therapy



R

IVA

IVADo

High risk Group: 
results better than expected
3-year EFS
estimated: 50-55%
observed: 66%

Doxorubin does not add any 
significant “anti RMS activity”
to a standard multidrug 
regimen 
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IVA

IVADo

R

stop therapy



R

stop therapy



5-year OS 
86.5% vs 73.7%

p=0.009

first randomised study to demonstrate a survival benefit related to an 
experimental chemotherapy regimen in RMS over the past three decades



2000

2018



2600 patients
1071 adults (>19 years)

and 1529 children (≤19 years)

…adults were more likely to have 
unfavorable histologies and advance 

disease at diagnosis

% distant metastases at dignosis

J Clin Oncol 2009 Jul 10,27(20),3391-3397



…adults were more likely to have 
unfavorable histologies and advance 

disease at diagnosis

J Clin Oncol 2009 Jul 10,27(20),3391-3397

…adults had significantly worse
outcome than children 

(5-year OS 26.6% and 60.5%, P<0.0001) 



…adults were more likely to have 
unfavorable histologies and advance 

disease at diagnosis

J Clin Oncol 2009 Jul 10,27(20),3391-3397

…adults had significantly worse
outcome than children 

(5-year OS 26.6% and 60.5%, P<0.0001) 

…and outcome remained significantly 
worse also analyzing subset of patients 

with similar tumors 
(i.e. same histotype, same stage, same 

sites)… suggesting that factors other than 
the clinical presentation may play a role



171 patients > 18 yrs (age 19-83 yrs, median 27)

treated from 1975 to 2001

50% alveolar (excluding pleomorphic)  
60% unfavorable sites
32% N1, 73% > 5 cm 

TREATMENT SCORE

– To stratify pts according to the degree to which they met current criteria for appropriate
treatment of childhood RMS

– Three arbitrarily defined scores covering the adequacy of local treatment, for chemotherapy
and for thewhole therapeutic strategy (given by the multiplication of the others)

5yr EFS = 27.9% 

5yr OS = 39.6%

LOCAL TREATMENT
score 1  complete S  or incomplete S +  “adequate” RXT (dose > 50 Gy, within 12-14 wks) 
score 0.8  after inadequate S, RXT with a delay in excess of 4 months
score 0.6  after inadequate S, RXT at a total dose lower than 45 Gy
score 0  after inadequate S, NO RXT

CHEMOTHERAPY
score 1  IFO/CTX + ADR/ACTD (± VCR) for 8 cycles or more
score 0.4-0.6  CT without IFO/CTX, or lasting 2, 4, 6 cycles
score 0  no CT
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Score 1
5yr OS=61.5%

Score 0–0.8 
5yr OS=36.5%

39% of the 
patients

SCORE 1 = treatment totally consistent with currently 
recommendations for childhood RMS

DELIVERY GAP ???

more than half of the cases received 
what we can define an inadequate 
therapy: chemotherapy with different 
drugs than those used in pediatric 
RMS protocols, or chemotherapy given 
for few courses (e.g. 3 cycles, as given 
in adult sarcomas), or no 
chemotherapy at all (as done in some 
adult sarcomas after resection)



 RMS in should be treated according to the same guidelines 
established over the years in large pediatric trials 

What may prevent most adult patients from receiving fully adequate treatment?

• the lack of concentration of cases in specialized centers 

• the absence of clinical trials or standardized therapeutic guidelines or dedicated 
programs in adult organizations 

• the lack of experience of adult oncology team to apply the key concepts of RMS therapy

• the suboptimal collaboration with pediatric experts

• adults may tolerate to a lesser degree treatments which have been designated for 
children

More effective collaboration between pediatric and adult oncologists is warranted



Since the publication of those results, our Institute has adopted various measures to
improve the quality of treatment for adult patients with RMS by:

a) increasing the cooperation between pediatric oncologists and adult sarcoma experts;
b) managing all adult RMS cases on the strength of a multidisciplinary discussion

attended by both pediatric and adult medical oncologists;
c) developing specific recommendations for the treatment of adult RMS, based on the

principles adopted by pediatric protocols;

d) including young adult patients in ongoing pediatric trials whenever possible, since the
pediatric oncology unit at our center is part of the EpSSG, whose protocols were open
to patients up to 21 years old;

e) prospectively registering all adult RMS cases in our institutional database.



95 consecutive patients (age 18-77 years), 
embryonal and alveolar RMS,
treated from 2002 to 2015 at the Istituto Nazionale dei Tumori in Milan

• most common histological subtype was alveolar RMS (55%)
• most patients had advanced disease at onset: 77% T2, 62%

tumors > 5cm, 46% N1, 31% M1 (52% bone)

Patients characteristics

Treatment modalities

• the scheduled chemotherapy was modified in 42/95 cases
(mainly for toxicity - neurological 42.8%, myelosuppression 69%)

• delays in the scheduled treatment were recorded in 50/88
(57%, due to toxicities in 56%; logistic problems in 34%; and other
comorbidities in 10%)

• applying our treatment score, a score of 1 (= treatment in
line with pediatric principles) was awarded for 74% of cases

Med Oncol. 2019 May 18;36(7):59. 



Treatment outcome 

• 5-year EFS 33.6%, OS 40.3% (median f-up 60 months)
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OS

EFSSurvival rates by the treatments administered (for descriptive purpose)

• treatment score:
5-year EFS - 41% for score 1, vs 15% for score <1 (p-value
<0.0001)
5-year OS - 44% for score 1, vs 24% for score <1 (p-value
0.127)

(OS was significantly associated with a score of 1 when we only considered patients

with localized disease, i.e. it was 58.8% in patients scoring 1 versus 30.3% in those
scoring <1, p-value 0.044)

EFS score 1

EFS score <1



• the quality of the treatment administered, in terms of its adherence to the principles
adopted in pediatric protocols, influences patient outcomes

• adult patients’ survival remained unsatisfactory: adopting therapeutic strategies derived
from pediatric protocols can improve the prognosis for adult RMS patients, but not enough
to achieve the results obtained in children

• many of patients did not receive the whole treatment compliant with pediatric principles,
mainly due to chemotherapy-related toxicity: these findings confirm that adults may
tolerate intensive treatments less well than children (e.g. they experience more vincristine-
associated neurotoxicity)

• it could be that part of the prognostic gap between children and adults is attributable to
biological differences in RMS arising in different age groups. Our knowledge about the
complex genomic landscape of pediatric RMS is constantly increasing, but there is still a
shortage of information (and a lack of studies) on RMS in adults.



MicroRNA (miRNA) and gene expression profiling
(GEP) was evaluated in a RMS cohort of 49 cases, 28
children 0-14 years old and 21 AYA (15-35 years)



Age-Related miRNA Expression in RMS

miRNAs analysis identified

- miR-223 over-expression in AYA

- miR-431 down-regulation in AY

Age-Related Gene Expression Assessment

GEP analysis detected 793 age-correlated genes
in tumors, of which 194 were anti-correlated

Integration of miRNA Expression and GEP Data 

miR-223 was associated with up-regulation of epithelial mesenchymal 
translation (EMT) and inflammatory pathways

miR-431 was correlated to myogenic differentiation and muscle metabolism



Assessment of Specific Immune Cell
Tumor Infiltration

To study the relevance of inflammation
and immune contexture with CIBERSORT
- a 7.5-fold increase of CD4 resting

memory in AYA
- an increase of neutrophils,

lymphocytic and macrophagic
infiltration

- AYA-RMS immune cells infiltrated
tumor burden and replaced tumor
cells, suggesting an important role of
these cells in sustaining tumor
growth

 a potential role of immune cells in
the modulation of the aggressiveness of
this specific age group of RMS



Our results show that aggressiveness of AYA-RMS could be explained by
differences in microenvironmental signal modulation mediated by tumor cells,
suggesting a fundamental role of immune contexture in AYA-RMS
development.

Further investigations will potentially unveil important information able to
guide better clinical management of AYA RMS.





Non-rhabdomyosarcoma soft tissue sarcomas

 rare tumors
most are tumor entities typically found in adults
 extremely heterogeneus tumors
 scarcely sensitive to chemotherapy







1216 cases from Sept 2005 to Dec 2016



Can we continue to study all 
the NRSTS entities together, 

as a mixed bunch?

How can we develop studies 

dedicated to single 

histotype?  





Synovial sarcoma

• specific t(X;18)(p11.2;q11.2) chromosomal translocation and the SYT-SSX 
transcript 

• high-grade sarcoma, by definition

• among STS, synovial sarcoma represents a unique subtype that crosses the 
pediatric and the adult ages and is relatively frequent in both age groups 



...different therapeutic strategies have been developed for pediatric 
and adult oncology protocols dealing with SS 

(in particular concerning the use of systemic therapy)…

Synovial sarcoma



...different therapeutic strategies have been developed for pediatric 
and adult oncology protocols dealing with SS 

(in particular concerning the use of systemic therapy)…

Since relatively high response rates to 
chemotherapy have been well 

documented in pediatric series, pediatric 
oncologists approached SS as a 

chemosensitive tumor
(“rhabdomyosarcoma-like” tumor), 

and designed treatments around this 
concept, particularly in Europe (all 

patients receiving systemic treatment, 
regardless of stage)

Mini-meta-analysis 
(MD Anderson, St Jude, INT Milan, CWS) - 1966-1999
219 pediatric patients
5-yr OS 80%

Synovial sarcoma



...different therapeutic strategies have been developed for pediatric 
and adult oncology protocols dealing with SS 

(in particular concerning the use of systemic therapy)…

Since relatively high response rates to 
chemotherapy have been well 

documented in pediatric series, pediatric 
oncologists approached SS as a 

chemosensitive tumor
(“rhabdomyosarcoma-like” tumor), 

and designed treatments around this 
concept, particularly in Europe (all 

patients receiving systemic treatment, 
regardless of stage)

By contrast, adult SS has usually been 
treated as the other adult STS, generally 
regarded as poorly chemosensitive 
tumor and for which the standard 
therapeutic approach was focused on 
local control

Synovial sarcoma





...different therapeutic strategies have been developed for pediatric 
and adult oncology protocols dealing with SS 

(in particular concerning the use of systemic therapy)…

However, in more recent years, the clinical management of SS has tended to converge
towards common strategies, also thank to an increasing collaboration between pediatric
and adult oncology groups.

Synovial sarcoma



...different therapeutic strategies have been developed for pediatric 
and adult oncology protocols dealing with SS 

(in particular concerning the use of systemic therapy)…

However, in more recent years, the clinical management of SS has tended to converge
towards common strategies, also thank to an increasing collaboration between pediatric
and adult oncology groups.

Synovial sarcoma

Adult oncologists currently recognize that
SS may be quite different from other adult
STS (for its younger age at onset, the
greater risk of metastatic spread, and
possible greater chemosensitivity), and
many adult sarcoma experts tend to
suggest chemotherapy for adult patients
with high-risk SS (in particular as neo-
adjuvant therapy).



...different therapeutic strategies have been developed for pediatric 
and adult oncology protocols dealing with SS 

(in particular concerning the use of systemic therapy)…

However, in more recent years, the clinical management of SS has tended to converge
towards common strategies, also thank to an increasing collaboration between pediatric
and adult oncology groups.

Synovial sarcoma

On the other hand, pediatric oncologists
have shifted from a “RMS-like” strategy in
favor of a treatment approach drawing from
adult experiences: e.g. no chemotherapy in
low-risk cases, use of the ifosfamide-
doxorubicin regimen (currently seen as the
most effective systemic regimen in adult
STS), chemotherapy according to the
patient’s risk stratification (based on tumor
size, site and stage), and shorter duration of
chemotherapy even for higher risk patients





5-yr EFS  80.7%
5-yr OS   90.7%

 response rate to IFO-DOXO: 55.2% 
(22.4% with CR/major PR, 32.8% with 
minor PR), 97% of “no progression”

 omission of adjuvant chemotherapy in 
low-risk patients: 2 local relapses and no 
metastatic relapses among 24 cases

 satisfactory overall results, with good 
compliance with treatment 
standardize the treatment of SS children 
in Europe

 marked improvement in survival rates 
for the “worst” categories



 response rate to IFO-DOXO: 55.2% 
(22.4% with CR/major PR, 32.8% with 
minor PR), 97% of “no progression”

 omission of adjuvant chemotherapy in 
low-risk patients: 2 local relapses and no 
metastatic relapses among 24 cases

60 patients 
8 events (all local recurrence, no metastatic relapse)

All patients alive after second-line treatment



“…the need to create opportunities for larger, international,
prospective projects. In view of the peak age range for the
occurrence of SS, pediatric oncologists should collaborate with
oncologists treating adult patients with SS to develop
cooperative studies spanning different ages, integrating the
same treatment concepts regardless of age.



Histotypes Chemotherapy Targeted therapy

adult soft tissue sarcomas doxorubicin + 

ifosfamide

olaratumab

eribulin

non-adipocytic soft tissue 

sarcomas

pazopanib (multi-targeted 

receptor 

tyrosine kinase inhibitor)

synovial sarcoma ifosfamide trabectedine pazopanib Bcl-2 antisense oligonucleotide; FZD10 

monoclonal antibody; adoptive immunotherapy 

using tumor-infiltrating lymphocytes against 

NY-ESO-1 cancer/testis antigen 

leiomyosarcoma gemcitabine ±

docetaxel 

dacarbazine, 

trabectedine

vascular endothelial growth 

factor (VEGF) inhibitors 
mammalian targets of rapamycin (mTOR) 

inhibitors

angiosarcoma paclitaxel gemcitabine VEGF inhibitors (bevacizumab, 

sunitinib, sorafenib, pazopanib)

myxoid liposarcoma trabectedine

well-diff /dedifferentiated 

liposarcoma

CDK, MDM2 inhibitors

dermatofibrosarcoma 

protuberans

imatinib

alveolar soft part sarcoma  VEGF inhibitors (sunitinib, 

cediranib)

clear cell sarcoma sunitinib mTOR inhibitors;

mesenchymal-epithelial transition factor 

(MET) inhibitors

desmoids-type fibromatosis imatinib

chordoma imatinib

pigmented villonodular 

synovitis

imatinib

inflammatory myofibroblastic 

tumor

ALK inhibitors

PEComas gemcitabine mTOR inhibitors

solitary fibrous tumor temozolamide sunitinib bevacizumab
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Access to new drugs
for children and adolescents with NRSTS 

The impact of targeted agents on the pediatric population has not paralleled the progress seen in
adult patients. Major barriers are the small numbers of pediatric patients with NRSTS – even in large
international projects – that interferes with timely clinical studies, and the law regulations that offer
only limited opportunities for the development of new drugs in children and orphan diseases.
Future efforts should deal with this disadvantage historically borne by children and multi-level action
is warranted (implement tumor sample collection and biological studies, better cooperation with
adult experts, new partnerships with pharmaceutical companies and regulatory authorities…)





A RANDOMIZED PHASE III STUDY OF OLARATUMAB IN

COMBINATION WITH DOXORUBICIN/ IFOSFAMIDE IN PATIENTS WITH

LOCALLY ADVANCED OR METASTATIC SYNOVIAL SARCOMA



A RANDOMIZED PHASE III STUDY OF OLARATUMAB IN

COMBINATION WITH DOXORUBICIN/ IFOSFAMIDE IN PATIENTS WITH

LOCALLY ADVANCED OR METASTATIC SYNOVIAL SARCOMA

Randomized, Open-Label Phase 2 Study Evaluating Ramucirumab
(plus ifosfamide-doxorubicin) in Pediatric Patients and Young Adults
with Relapsed, Recurrent, or Progressive Synovial Sarcoma



A 67-gene signature related to chromosome
integrity, mitotic control, and genome
complexity denominated CINSARC
(Complexity Index in Sarcoma) as a tool to
predict the risk of metastatic spread and
potentially the response to chemotherapy in
synovial sarcoma

Differences in genome instability have been
observed between adult and pediatric cases,
suggesting a possible role of this biomarker for
explaining the better outcome sometimes
reported in children as compared to adults.



61 patients

Genomic Index

No. 

cases

5-year EFS 5-year MFS

GI 1 

no copy number alterations (flat 

profile, GI = 0) 

55.7% 93.8 ± 4.2% 93.8 ±
4.2% 

GI 2

at least one or more copy 

number alterations (rearranged 

profile; GI ≥ 1) 

44.3% 64.9 ±
10.1% 

(P < 0.006) 

72.9 ±
9.5% 

(P < 0.04)

In multivariate analysis, GI remains independent prognostic
for EFS (RR 6.4 [1.3–31.9], P < 0.01) for MFS (RR 4.8 [0.9–
25.7] P < 0.05)

Genomic complexity evaluated through GI may explain the
metastatic behavior of pediatric SS



MYCKID –NR STUDY
MOLECULAR IDENTITY CARD FOR KIDS, ADOLESCENT AND YOUNG ADULT

WITH NON RHABDOMYOSARCOMAS SOFT TISSUE SARCOMA





What is your IF?

……..

How many patients

could you enroll?

……..

Do you have some 

funding for us?

…….. 




