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Abstract

Background: CIC-rearranged sarcomas (CIC-RS) represent the most frequent
subset of “Ewing-like” undifferentiated small round cell sarcomas. These tumors
tend to be more aggressive than Ewing sarcomas. Moreover, treatment strategy
can differ according to teams. The primary aim of this retrospective study was to
describe the characteristics, treatments, and outcome for patients with CIC-RS
included in the French NETSARC+ database.

Methods: Pediatric and adult patients from 13 French centers with a diagnosis
of CIC-RS were registered from October 2008 to March 2021. Patients and tumors
characteristics were collected from the national network NETSARC+ database
(http://netsarc.sarcomabcb.org). CIC-RS diagnosis was pathologically and mo-
lecularly confirmed with a central review by expert pathologists. Two groups of
patients were studied: those treated as classical Ewing sarcomas (cohort EwS)
and those treated as high-grade soft tissue sarcomas (cohort STS) according to
ESMO and/or EpSSG guidelines. Survival was calculated using the Kaplan-Meier
method and the log-rank test was used to compare survival.

Results: Among 79 patients, the male/female sex ratio was 0.7 and the me-
dian age at diagnosis was 27years (range 2-87). With a median follow-up of
37 months, 39 patients died of the disease. Median overall survival from diagno-
sis was 18 months, with no significant difference between both cohorts (p = 0.9).
Nevertheless, when focusing on patients with metastatic disease at diagnosis
(N = 21), all patients from cohort STS died of disease while some patients from
cohort EwS were still alive and in complete remission.

Conclusion: FSG experience confirms the aggressive clinical course of CDS pa-
tients regardless of chemotherapy regimen.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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1 | INTRODUCTION

Over the last decades, significant advances in the mo-
lecular refinement of small round blue cell sarcomas
(SRBCS) have led to the identification of several new
tumor entities, previously referred to as “Ewing-like sar-
comas” based on their clinical and pathological features
showing partial overlap with Ewing sarcoma (EwS).!
Among them, three distinct sarcoma subtypes with
specific clinical, pathological, and molecular features
have been individualized in the last WHO classification,
including CIC-rearranged sarcoma (CIC-RS), BCOR-
rearranged sarcoma, and SRBCS with EWSRI-non ETS
fusion.?

CIC-RS consist in the most frequent subtype of these
ultra-rare tumors.’ They are composed of undifferenti-
ated tumor cells arranged in solid sheets with frequent
areas of necrosis and small to medium-sized round nu-
clei and eosinophilic cytoplasm. Tumors cells classically
show focal and patchy CD99 membranous staining,
WT-1 positivity, and ETV4 nuclear staining.4'7 CIC-RS
are characterized by recurrent gene fusions involving
CIC on chromosome 19, its most common fusion part-
ner being DUX4 on chromosome 4 or 10.>* Alternative
fusions of CIC with other partners including NUMT]I,
NUTM2A, FOX0O4, LEUTX, and CREBBP have been
reported.®!

From a clinical point of view, CIC-RS present as aggres-
sive tumors, most of the time developing from soft tissues
and affecting young adults."”*™* In the largest series re-
ported so far and including 57 CIC-RS patients with clin-
ical follow-up available, the 5-year overall survival (OS)
rate was only 43%, significantly lower than in EwS.'* The
management of such rare subtypes of sarcomas is chal-
lenging and most patients diagnosed over the last years
have been treated according to EwS protocols.'> However,
there is no consensus on whether they should be treated
with an EwS approach or regarded as high-grade STS."°
Therefore, treatment patterns widely differ according to
teams and more studies are needed to address specifically
the prognosis and management of CIC-RS and to define
their optimal management.

In this regard, the primary aim of this retrospective
study was to describe characteristics, treatments, and
outcome of patients with CIC-RS included in the French
NETSARC+ database.

2 | MATERIALS AND METHODS

2.1 | Patients

The study was conducted within NETSARC+, the French
reference network for sarcomas. Data were collected
within the national pediatric/adult sarcoma database
(http://netsarc.sarcomabcb.org). Pediatric and adult pa-
tients with CIC-RS diagnosed from October 2008 to March
2021 were analyzed. Pathological and molecular confir-
mation of the diagnosis by a central review from sarcoma
expert pathologists of NETSARC+ network was manda-
tory. All cases were analyzed with RNA sequencing and/
or RT-PCR with specific combination of primer sets for
CIC::DUX4 and/or FISH analysis with probes for CIC
(19q13.2). The study was first approved by the FSG (French
Sarcoma Group) council the 2nd of December 2019, then
declared to the Commission Nationale de I'Informatique et
des Libertés (CNIL) and approved by the ethics committee.
All living patients were informed of the study by mail and
clinical data were updated on September 2021.

The following data were collected: age at diagnosis,
sex, histology, location, depth, size, stage at diagnosis,
treatment pattern, relapse, and survival. Two cohorts of
patients were studied:

« Cohort EwS for patients treated according to stan-
dard treatment for EwS with multi-agent chemother-
apy (CT) before and after local therapy, with VIDE/
VAC/VAI/VDC/IE (V = Vincristine, I = Ifosfamide,
D = Doxorubicin, E = Etoposide, A = Actinomycin,
C = Cyclophosphamide) and patients receiving
Busulfan Melphalan (BuMel) High-Dose CT. Patients
receiving Al regimen (Doxorubicin ifosfamide) before
local therapy and then VAI/VAC after local therapy
were included in the cohort 1. Patients included in the
EURO-EWING 99 and 2012 trials (NCT00020566 and
NCT00987636) were also included in cohort 1.

« Cohort STS for patients treated as high-grade soft tis-
sue sarcomas (HG-STS) according to ESMO (European
Society for Medical Oncology) or EpSSG (European
Paediatric Soft tissue sarcoma Study Group) guide-
lines,'® mostly patients receiving three to fivecycles of
neoadjuvant Al, no adjuvant chemotherapy for local-
ized disease, and anthracyclines-based CT as the first-
line treatment for metastatic disease.
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2.2 | Statistical analysis

All clinical data were anonymized and retrospectively col-
lected. Median relapse-free survival (mRFS) and median
overall survival (mOS) were calculated using the Kaplan—
Meier method from the date of the initial diagnosis to the
date of the occurrence of the reported event or the latest
follow-up, respectively. Significances are given by log-
rank tests, where p below 0.05 was considered as a sig-
nificant survival difference between risk-groups. These
statistics were performed using R software.

3 | RESULTS

3.1 | Characteristics and treatment

In total, 79 patients with CIC-RS were identified from 13
FSG centers. Their clinical and pathological characteristics
are presented in Table 1. Five patients (6%) had a previous
cancer history, including a neuroblastoma, an ovarian germ
cell tumor and a breast cancer. Detailed information on
treatment were available for 74 patients (94%), with 47 (59%)
and 26 (33%) patients in cohort EwS and STS, respectively.
One patient received a BEP (Bleomycin Etoposide Cisplatin)
standard regimen for germ-cell tumor and therefore was ex-
cluded from both cohorts. Furthermore, 45 patients (57%)
received (neo)adjuvant radiotherapy with an median dose
of 50 Grays [44-60]. Among cohort EwS, nine patients
were enrolled in the EURO-EWING 2012 trial. Comparing

TABLE 1 Clinical and pathological
characteristics of the investigational series

of CDS
N

Sex ratio (male/female)

Median Age (years); range

Number of pediatric patients (<18)
Median size of the primary tumor (mm)

Primary tumor location

Soft tissue
Viscera
Bone

Stage at diagnosis

Localized or locally advanced

Metastatic
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characteristics of patients in both cohorts, patients from
cohort EwS were younger than in cohort STS (median age
21 [2-64] vs. 35 [4-87], p = 0.01) whereas there was no dif-
ference in median tumor size (100 mm [20-300] for cohort
EwS and 96 mm [11-200] for cohort STS). In cohort EwS, 16
patients had metastatic disease at diagnosis (34%) versus 6
in cohort STS (23%) (p = 0.3).

In the front-line setting, 22 patients received VIDE reg-
imen (all form cohort EwS), 22 patients received VDC-IE
(all from cohort EwS), 23 patients received Al (three from
cohort EwS and 20 from cohort STS), and 6 patients re-
ceived Doxorubicin monotherapy (all from cohort STS).
The response rates are detailed in Table 2, with an overall
response rate of 54%, 46%, 30%, and 0 with VIDE, VDC/IE,
Al, and Doxorubicin, respectively. Five patients received
BuMel High-Dose CT, among whom two were included in
the EURO EWING 2012 trial.

In case of relapse/refractory disease, 26, 13, and 3 pa-
tients had access to second line, third line, and fourth line
treatment respectively. They received a wide range of regi-
mens, including irinotecan-based chemotherapy (N = 12),
pazopanib (N = 6), gemcitabine-based chemotherapy
(N = 5), topotecan-cyclophosphamide (N = 3), trabecte-
din (N = 3), regorafenib (N = 3), anti-PD1/PD-L1 (N = 2),
and carboplatin-etoposide (N = 1). While most patients
presented with a progressive disease as best response,
three partial responses (with gemcitabine-docetaxel,
gemcitabine-dacarbazine, and carboplatin-etoposide) and
two stable diseases (with irinotecan-temozolomide and re-
gorafenib) were achieved, as detailed in Table 3.

Front-line pattern of treatment

EwS
HG-STS
Germ cell tumor

N/A

Cohort Cohort
All series EwS STS
79 47 26
0.7(33/46)  0.8(21/26) 0.9 (12/14)
27, 2-87 21; 2-64 35;4-87
23 (29%) 18 (38%) 3 (12%)
100 (11-300) 100 (20-300) 96 (11-200)
74 (94%) 42 26
4(5%) 4 0
1(1%) 1 0
57 (72%) 31 (64%) 20 (77%)
22 (28%) 16 (34%) 6 (23%)
47 (59%)
26 (33%)
1(1%)

5(6%)
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Regimen/Response CR PR SD PD
VIDE 2(9%) 10(45%)  5(23%)  2(9%)
VDC/IE 1(5%) 9 (41%) 3(14%)  2(9%)
AIM 1(4%) 6 (26%) 7 (30%) 3(13%)
Doxorubicin 0 0 1(17%) 1 (17%)

TABLE 2 Response rate of the

NE ORR
different front-line regimens

3(14%)  54%
7(32%)  46%
6(26%)  30%
4(66%) 0

Abbreviations: CR, complete response; NE, non evaluable; ORR, overall response rate; PD, progressive

disease; PR, partial response; SD, stable disease.

TABLE 3 Bestresponse of the different regimens for relapse/
refractory disease

Regimen / Best Partial Stable Progressive
Response response disease disease
Irinotecan based regimen 0 1 11
(N=12)
Gemcitabine based 2 0 3
regimen (N = 5)
Topotecan 0 0 3
Cyclophosphamide
N=3)
Carboplatine Etoposide 1 0 0
N=1)
Trabectedin (N = 3) 0 0 3
Pazopanib (N = 6) 0 0 6
Regorafenib (N = 3) 0 1 2
Anti-PD1/PD-L1(N=2) 0 0 2

3.2 | Survival

After a median follow-up of 37 months after diagnosis, 40
patients (51%) died, 39 from disease progression, and one
from suicide. Median OS was 18 months (Figure 1A), with
no significant difference between both cohorts (p = 0.92)
(Figure 1B). When focusing on patients with localized dis-
ease at diagnosis, mRFS from diagnosis was 11 months,
without any significant differences between cohort EwS
and STS (p = 0.58). Importantly, when focusing on met-
astatic disease at diagnosis, all patients form cohort STS
(5/5) died of disease, while some patients from cohort EwS
were still alive (5/16), leading to a long-term survival pla-
teau (median OS 10 vs. 15months, p = 0.22; Figure 1C).
All those five patients presented with primary lung-only
metastases and achieved a radiologic complete response
on the chest CT (Computed tomography) scan after neo-
adjuvant/adjuvant chemotherapy.

4 | DISCUSSION

CIC-RS is an ultra-rare subtype of sarcoma.'” Literature
about this disease remains scarce and most of the

studies reported so far include case reports or small se-
ries. Antonescu et al. reported the clinical follow-up of 57
patients with a 5-year OS of 43%, which was significantly
lower than the 77% 5-year OS of the EwS control group
(p = 0.002)."? Another series of 18 patients reported a me-
dian OS of 16 months and a median duration of systemic
treatment response of 2 months."! To our knowledge,
with 79 patients included, this French multi-institutional
retrospective study provides the largest cohort so far, to
describe not only the characteristics and outcomes but
also the patterns of care of a molecularly defined series of
CIC-RS. It confirms the highly aggressive clinical course
of CIC-RS patients, with a median OS of 18 months, con-
sistent with the recent literature.

As of today, the scientific community still aims at
identifying the best therapeutic strategy for CIC-RS pa-
tients. CIC-RS consistently appear to be less chemo-
sensitive than EwS in the up-front setting.18 However,
our study shows that multi-agent regimens can achieved
a good response rate (up to 54%), even though duration
of response remains limited. Furthermore, the literature
analysis reported several cases of good response to che-
motherapy according to standard protocols applied to
EwS.'*? Depending on the initial therapeutic strategy,
two groups of CRS were evaluated in the study: those
treated as EwS and those treated as HG-STS. There was
no statistical difference in mOS and mRFS between both
cohorts. Nevertheless, when focusing on metastatic dis-
ease at diagnosis, long-term survivors were only observed
in cohort EwS, with an interesting long-term survival
plateau. Previously, Smith et al.*' reported a cohort of 10
cases of CIC-RS patients, including two metastatic cases
with prolonged survival (no evidence of disease at 22 and
48 months respectively) after EwS regimen. Therefore, our
study suggest that dose-intensive chemotherapy might
offer some benefit in selected patients and metastatic CRS
should not be considered an incurable disease. Otherwise,
CIC-RS patients with recurrent/refractory disease have
limited therapeutic options. In this series, while almost all
treatments resulted in PD as best response, two PR were
reported with gemcitabine-based regimens, which could
therefore represent a therapeutic option. Anyway, the
prognosis remains very poor and inclusion of CIC-RS pa-
tients in clinical trials should be encouraged. Importantly,
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FIGURE 1 Overall survival of (A) whole cohort (B) whole cohort according to pattern treatment (C) patients with metastatic disease

according to pattern of treatment.

patients with recurrent/refractory CIC-RS can be enrolled
in a phase II trial (NCT02389244) which evaluates the ef-
ficacy of regorafenib in this population.

Our series has several limitations. First, data are ret-
rospective. Second, other classical prognostic factors
such as biological parameters,” tumors characteristics
(for instance number and site of metastasis), and com-
plementary therapeutic management (such as palliative
care) were not available for all patients. Finally, because
of the rarity and the aggressiveness of the disease, our
series included few long-term survivor patients, respon-
sible of low power study. What should be the next steps?
A longer follow-up and above all an international collab-
oration are crucial. Conducting randomized studies to
compare the efficacy of different regimens could also be
of interest, though it could be challenging in this ultra-
rare disease.

In conclusion, the FSG experience confirms the poor
prognosis of CIC-RS regardless of the pattern of treat-
ment. Even if the best therapeutic strategy remains cur-
rently elusive, this study suggests that patients should
not benefit from a therapeutic de-escalation, especially in
case of metastatic disease. In is a useful support for fu-
ture clinical trials and subsequent studies. It encourages

new therapeutics and confirms that translational ancillary
studies are capital.
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