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Abstract

Background: The value of chemotherapy in soft tissue sarcoma (STS) remains controversial. Several expert teams
consider that chemotherapy provides a survival advantage and should be proposed in high-risk (HR) patients.
However, the lack of accuracy in identifying HR patients with conventional risk factors (large, deep, FNCLCC grade
3, extremity STS) is an issue that cannot be neglected. For example, while the FNCLCC grading system is a powerful
tool, it has several limitations. CINSARC, a 67-gene signature, has proved to be an additional independent factor for
predicting metastatic spread and outperforms histological grade. Regardless of FNCLCC grade, CINSARC stratifies
patients into two separate prognostic groups: one with an excellent prognosis (low-risk (LR) CINSARC) and the
other with a worse outcome (HR-CINSARC) in terms of metastatic relapse. Here we evaluate the role of
chemotherapy in grade 1-2 STS patients with HR-CINSARC and assess the prognostic value of CINSARC in patients
treated with standard of care.

Methods: CHIC is a parallel, randomized, open-label, multicenter study evaluating the effect on metastasis-free
survival of adding perioperative chemotherapy to standard of care in patients with grade %2 STS sarcoma defined as
HR by CINSARC. In this target selection design, 600 patients will be screened with CINSARC to randomize 250 HR-
CINSARC patients between standard of care and standard of care plus chemotherapy (4 cycles of 3 weeks of
intravenous chemotherapy with doxorubicin in combination with dacarbazine or ifosfamide according to histologic
subtype). LR-CINSARC patients will be treated by standard of care according to the investigator. The primary
endpoint is metastasis-free survival. Secondary endpoints include overall survival, disease-free survival and safety.
Furthermore, the prognostic value of CINSARC will be evaluated by comparing LR-CINSARC patients to HR-CINSARC
patients randomized in standard of care.
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STS sarcoma patients.

Discussion: CHIC is a prospective randomized phase Il trial designed to comprehensively evaluate the benefit of
chemotherapy in HR-CINSARC patients and to prospectively validate the prognostic value of CINSARC in grade %5

Trial registration: ClinicalTrials.gov identifier: NCT04307277 Date of registration: 13 March 2020
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Background

With an incidence of 4-5 cases / 1,000,000, soft tissue
sarcomas (STS) are a group of rare heterogeneous tu-
mors that develop from connective tissue cells. Their
therapeutic management is based on multidisciplinary
discussion at every step, starting with the need for a pre-
therapeutic diagnostic biopsy. The key point in treating
patients with localized STS is a large surgical resection
to obtain a microscopically negative margin and remove
all tumor cells. The quality of surgery remains the main
risk factor for metastatic relapse. Neo-adjuvant or adju-
vant treatments (radiotherapy and/or chemotherapy) are
discussed case by case in a multidisciplinary meeting, de-
pending on the presence of other prognostic factors such
as histologic subtype, tumor size and FNCLCC (Fédér-
ation Nationale des Centres de Lutte Contre le Cancer)
grade.

In recent decades, the role of perioperative (mainly ad-
juvant) chemotherapy in patients with localized STS has
been extensively investigated. Currently, even after mul-
tiple randomized studies supplemented by two meta-
analyses [1, 2] the survival benefit of chemotherapy in all
patients with localized STS remains debated. In current
guidelines [3], chemotherapy may be proposed as an op-
tion in HR patients but it is not part of standard of care.
This uncertainty regarding the real impact of chemo-
therapy can be explained by the diversity of the random-
ized studies in terms of drug type, tumor grade, location,
and quality of surgery, each of these factors being essen-
tial. Based on previous published studies, many expert
teams currently consider that chemotherapy provides a
survival advantage and should be proposed in HR pa-
tients [4]. This HR subgroup includes patients with
large, deep, high FNCLCC grade, and extremity STS [5].
One study specifically included these patients yet
showed an improvement in survival [6]. However, the
debate concerning the value of chemotherapy in local-
ized STS is currently in deadlock, mirroring the difficulty
of accurately identifying HR patients by using conven-
tional factors, and more specifically the FNCLCC grade.
This grading system, which splits STS into three grades
(1, 2 or 3), remains the best predictor of metastatic re-
lapse available in localized sarcoma [5, 7]. Despite its
consensual use in determining the optimal therapeutic
strategy of patients with STS [8], it has several

limitations. It is not applicable in all pathological sub-
types, it shows variable reproducibility between patholo-
gists, and it is difficult to use with tumor microbiopsies,
i.e. the gold standard for diagnosis. Above all, however,
ENCLCC grade has a poorly informative prognostic
value for grade 2, which represents about 40% of all
STS. Therefore, the CINSARC signature, which is espe-
cially informative in patients with intermediate-grade tu-
mors, could be a way out of this “never-ending story”.

CINSARC signature

In 2010, Chibon et al. identified a 67-gene expression
signature, CINSARC (Complexity Index in SARComas),
and validated it as an independent prognostic factor in
several STS histotypes [9]. They also demonstrated that
it outperformed histologic grade and was able to split
STS into two separate prognostic groups, regardless of
ENCLCC grade. CINSARC is especially informative in
patients with intermediate-grade tumors, i.e. about 40%
of all STS, for whom FNCLCC grade is poorly inform-
ative. In this population of uncertain prognosis, CINS
ARC identified around 50% of patients as having a high
risk of metastatic relapse [10]. These patients have a
more than 60% risk of metastatic relapse, as compared
to 20% for LR-CINSARC patients. These rates are simi-
lar to what is reported in grade 3 tumors, confirming
that CINSARC identifies HR patients regardless of
ENCLCC grade.

Until recently, the main clinical hurdle for using CINS
ARC was technical, since it was performed on frozen tu-
mors analyzed by microarrays, features incompatible
with usual routine settings. It was first used with
formalin-fixed, paraffin-embedded (FFPE) RNA sequen-
cing [11], and is now fully evaluable in FFPE tumors
using Nanostring technology [12]. Nanostring is a recent
technology with two major advantages: only needs small
quantities of tumoral DNA (feasible in microbiopsies),
and perfect reproducibility between different machines
and centers. Optimization of CINSARC in FFPE samples
using NanoString (named NanoCind®, patent number
EP18305190.3) is the final step for considering the use of
CINSARC on diagnostic FFPE microbiopsies in routine
settings for patients with localized STS, and it can now
be used to guide treatment [13].
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Research hypothesis

Chemotherapy is currently not part of the treatment of
patients with grade 1/2 (G1/2) localized STS, because
they are not considered as being at high risk of relapse
according to the classical factors. Since chemotherapy is
considered beneficial in HR-STS patients, we
hypothesize that CINSARC could be the key to identify-
ing these patients differently and proving once and for
all the benefit of chemotherapy in G1/2 STS. Our hy-
pothesis is that in G1/2 STS patients considered as HR
according to the CINSARC signature, the addition of
four cycles of perioperative doxorubicin-based chemo-
therapy could improve metastasis-free survival (MFS) as
compared with standard management.

Methods and design

Trial objectives

Primary objective

The primary objective of this study is to demonstrate
whether adding four cycles of perioperative doxorubicin-
based chemotherapy (combination of doxorubicin and
ifosfamide/dacarbazine) improves MFS as compared
with standard management in patients with resectable
ENCLCC G1/2 STS, considered as HR according to
CINSARC.

Secondary objectives

Secondary objectives include the comparison of the two
therapeutic strategies in HR-CINSARC patients with
G1/2 resectable STS in terms of disease-free survival
(DES), overall survival (OS) and safety profile. Moreover,
the prognostic value of CINSARC in G1/2 STS treated
by standard treatment is evaluated prospectively.

Trial design

This is a phase III, multicenter, randomized open-label
comparative study that has been designed to demon-
strate whether adding four cycles of perioperative
doxorubicin-based chemotherapy (doxorubicin and ifos-
famide or dacarbazine) improves MFS as compared with
standard management in patients with resectable FNCL
CC G1/2 STS, considered as HR according to CINSARC
(ClinicalTrials.gov Identifier: NCT04307277).

After providing written informed consent, patients
considered as eligible for the CHIC-STS study by the in-
vestigator will be enrolled and molecular screening will
be performed to determine their classification according
to CINSARC (LR or HR). To evaluate both the effect of
chemotherapy in the subgroup of patients with an HR-
CINSARC signature and the prognostic value of the
CINSARC signature, this study is based on a target se-
lection design [14]. Patients for whom tumor material
has been qualified and CINSARC classification has been
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determined will be definitively enrolled according to
their CINSARC classification results (Fig. 1).

— DPatients classified as HR by CINSARC signature
(HR-CINSARC) will be randomized between
standard of care (surgical excision +/- external
radiotherapy) and the experimental arm (standard of
care with chemotherapy)

— DPatients classified as LR by CINSARC signature (LR-
CINSARC) will be treated at the discretion of the
clinicians and data will be collected prospectively.

Clinical study endpoints

Primary endpoint

The primary endpoint is MFS, which is defined as the
delay between randomization and the onset of metastatic
disease or death from any cause [15]. In the event of ini-
tial locoregional relapse, patients will be censored at the
date of onset. Patients still alive at the time of analysis
(including lost to follow-up) without onset of metastatic
disease will be censored at the last disease assessment
date.

Secondary endpoints

DFS is defined as the delay between randomization and
first relapse (local, regional, or distant) or death from
any cause. Patients still alive at the time of analysis (in-
cluding lost to follow-up) without relapse will be cen-
sored at the last disease assessment date.

OS is defined as the delay between randomization and
death from any cause. Patients still alive at the time of
analysis (including lost to follow-up) will be censored at
the last known date alive.

Safety will be assessed by the toxicity grading system
of the National Cancer Institute (NCI-CTCAE v5.0).

Screening and randomization

The target population is patients with resectable FNCL
CC @G1/2 STS. After giving their written informed con-
sent, patients fulfilling all inclusion and non-inclusion
criteria (Table 1) will be enrolled in the study and mo-
lecular screening will be performed. After inclusion, an
archived FFPE tumor sample of sufficient quantity will
be sent to one of the four identified CINSARC signature
platforms. Results of CINSARC analysis classifying pa-
tients as HR or LR-CINSARC will be provided by email
to the investigator. After fulfilling additional inclusion
criteria (HR-CINSARC signature, external radiotherapy
not initiated before randomization (if applicable), full de-
tails in Table 1)), HR-CINSARC patients will be ran-
domized by the sponsor to one of the two arms in a 1:1
ratio. Randomization will be stratified on the following
factors: center, FNCLCC grade (grade 1 vs grade 2),
tumor size (<5cm vs >5cm), timing of chemotherapy



N = 600 patients

Fig. 1 Study design of CHIC trial
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Table 1 Inclusion and non-inclusion criteria

Inclusion Criteria

Non Inclusion criteria

- The regional platform will transmit the CINSARC status to the sponsor
and will be provided to the investigator.According to FNCLCC grading
system, grade 2 and grade 1 tumors

- Resectable and localized disease after appropriate extension work-up
(including at least a chest-CT)

- Available archived FFPE tumor sample in sufficient quantity to allow
CINSARC qualification

- Age 2 18 years

- Eastern Cooperative Oncology Group (ECOG) performance status <2
- Life expectancy of at least 12 weeks after the start of the treatment

- Women should be post-menopaused or willing to accept the use an
effective contraceptive regimen during the treatment period and at
least 12 months after the end of the treatment period. All non-
menopaused women should have a negative pregnancy test within 72
h prior to registration. Men should accept to use an effective contra-
ception during treatment period and at least 3 months (Ifosfamide
treatment) or 6 months (Dacarbazine treatment) after the end of the
study treatment

- Signed written informed consent

- Patient affiliated to a Social Health Insurance in France

Additional criteria: Randomized Part

- High-risk CINSARC signature

-External radiotherapy not initiated before randomization (if applicable).
-Acceptable hematologic function (within 72 h prior randomization):
Absolute neutrophil count (ANC) 2 1.5 G/L, Platelet count 2100 G/L and
Hemoglobin > 9 g/dL

-Acceptable renal function within 72 h prior randomization: Serum
creatinine <1.5 x ULN or calculated creatinine clearance 260 mL/min
(by the Cockcroft and Gault formula)

-Acceptable liver function: Bilirubin <1.5 x upper limit of normal (ULN),
AST (SGOT) and ALT (SGPT) £2.5 x ULN

-Normal LVEF (> 50%) measured by echocardiography or isotopic
ventriculography

- Soft-tissue sarcoma with the following histological subtypes: well-
differentiated liposarcomas, alveolar soft-part sarcoma, dermatofibrosar-
coma protuberans, clear-cell sarcoma, epithelioid sarcoma, alveolar or
embryonal rhabdomyosarcoma

- Primitive cutaneous, retroperitoneal, uterus or visceral STS

- Metastatic disease

- Previous or ongoing treatment for the sarcoma (with the exception
of a surgery for diagnosis intend)

- Contra-indication for Doxorubicin, Ifosfamide and Dacarbazine
treatments

- Prior therapy with ifosfamide or cyclophosphamide or other nitrogen
mustards, and prior therapy with anthracyclines

- Prior mediastinal/cardiac radiotherapy

- History or presence of clinically relevant cardiovascular abnormalities
such as uncontrolled hypertension, congestive heart failure NYHA
classification of 3, unstable angina or poorly controlled arrhythmia,
myocardial infarction within 6 months prior to study entry

- Prior or concurrent malignant disease diagnosed or treated in the
last 2 years except for adequately treated in situ carcinoma of the
cervix, basal or squamous skin cell carcinoma, or in situ transitional
bladder cell carcinoma

- Active, uncontrolled bacterial, viral, or fungal infections, requiring
systemic therapy

- Known infection with HIV, hepatitis B, or hepatitis C

- Women who are breastfeeding, pregnant or who plan to become
pregnant while in the trial

- Concomitant disease or condition that could interfere with the
conduct of the study, or that would, in the opinion of the investigator,
pose an unacceptable risk to the subject in this study

- Patient who has forfeited his/her freedom by administrative or legal
award or who is under legal protection (curatorship and guardianship,
protection of justice)

- Patient unable to comply with the protocol for any reason.
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envisaged (neo-adjuvant vs adjuvant) and histology
(undifferentiated pleomorphic sarcoma vs dedifferen-
tiated liposarcoma vs leiomyosarcoma vs synovial sar-
coma vs other). A dynamic randomization procedure by
minimization will be used. Randomization will be per-
formed centrally by the IUCT-O clinical trials office
using the TENALEA Clinical Trial Data Management
System (online secure internet).

LR-CINSARC patients will be included and treated at
the discretion of the clinicians and data will be collected
prospectively.

CINSARC analysis

For each patient, a representative sample formalin-fixed
paraffin-embedded (FFPE) tumor block from sarcoma
tumor surgical resection or biopsy specimen (archived
tissue) will be selected for molecular screening. Quality
control of samples will be assessed by the investigational
site pathologist and samples with less than 50% of tumor
cells will be considered as non-eligible for CINSARC
analysis (screen failure). Tumor samples passing quality
control will be addressed to one of the four regional
platforms.

CINSARC analysis will be performed using Nanostring
technology [16, 17]. Briefly, unique multiplexed probes
are made with two sequence-specific probes comple-
mentary to a 100-base target region per target mRNA.
The capture probe comprises a target-specific oligo-
nucleotide coupled with a short sequence linked to
biotin. The reporter probe consists of a second 50mer
target-specific oligonucleotide linked to a unique chain
of dye-labeled segments for detection by the system.
Our nCounter code set, named NanoCind®, includes a
panel of 75 probes, including 67 distinct test probes de-
rived from 67 distinct genes and eight housekeeping
genes for normalization purposes. Probe sets were de-
signed and synthesized by NanoString. Additional infor-
mation concerning probes can be found in the patent,
which is filed under the number EP18305190.3. This raw
data can be uploaded to a web interface developed for
this study and hosted by the Institute Claudius Regaud.
The interface will calculate the CINSARC status: “LR” or
“HR”. The regional platform will transmit the CINSARC
status to the sponsor, who will send it in turn to the
investigator.

Treatment

Standard of care

HR-CINSARC patients randomized to the control arm
and LR-CINSARC patients will be treated according to
standard of care. Surgery will be performed according to
standard guidelines by a surgeon in one of the investiga-
tional participating centers. If indicated, patients may be
treated by external radiotherapy before or after excision
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surgery (if applicable) according to each participating
center’s procedures and treatment guidelines.

Experimental treatment

Patients classified as HR-CINSARC randomized to the
experimental treatment will be treated by standard of
care with the addition of chemotherapy. They will re-
ceive 4 cycles of 3 weeks of intravenous chemotherapy
with doxorubicin (20 mg/m2 per day [day 1, 2 and 3]
every 3 week) in combination with dacarbazine (300 mg/
m?2 per day [day 1, 2 and 3] every 3 week)) for leiomyo-
sarcoma or ifosfamide (3 g/m2 per day [day 1, 2 and 3]
every 3 week) for other histologic subtypes.

Follow-up

HR-CINSARC patients (Arm A or B) will be followed
from the date of randomization, every 4 months the two
first years and then every 6 months the next 3 years for
a maximum of 5years. According to treatment guide-
lines, assessments during this 5-year follow-up period
will include at least clinical examinations of the tumor
primary site and overall assessment/metastatic relapse
assessment by CT scan. In the event of relapse, patients
will be followed only for survival status until 5 years
post-randomization.

Patients defined as LR-CINSARC will be followed up
according to local practice and relevant prospective data
(baseline characteristics, treatment, carcinologic event
and survival status) will be collected for 5 years from the
date of registration in the prospective cohort.

Main statistical analysis

HR-CINSARC patients: randomized part

In G1/2 HR-CINSARC, the 3-year MFS was estimated
around 60% [9, 10]. The main objective is to increase 3-
year MFS from 60 to 75%, which corresponds to
detecting a hazard ratio of 0.56. A total of 101 events is
necessary for 80% power to detect this difference if it is
true using a one—sided Logrank test at the 2.5% level of
significance and a 1:1 randomization. Based on an esti-
mated accrual rate of approximately 8 patients per
month for the randomization of 250 patients with a fixed
follow-up of 5vyears, we expect to see this number of
events 4.7 years after the start of the study.

Supposing 50% of G1/2 patients are HR-CINSARC [9],
500 patients with interpretable CINSARC results are re-
quired. With 15% of screen-failure (non-interpretable
CINSARC result) or random-failure, 600 patients need
to be included.

An interim analysis for both futility (O Brien Fleming
boundary) and efficacy (O Brien Fleming boundary) will
be performed after observation of 51 events [18]. The
East software package (v6.4) will be used to calculate the
appropriate bounds at the time of the analysis, given the
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fraction of information available. An independent data
monitoring committee will review the pre-planned in-
terim analyses (futility and efficacy). The planned dis-
continuation boundaries and decision rules are as
follows:

— 50% of expected events (51 events):
discontinuation for futility if one-sided p-value
is > 0.282 (Hazard Ratio > 0.851)
discontinuation for efficacy if one-sided p-value
is <0.002 (Hazard Ratio < 0.438)
otherwise continue
— 100% of expected events (101 events):
claim success if one-sided p-value is < 0.024
(Hazard Ratio < 0.676)

The primary endpoint will be analyzed on the ITT
population when the required number of events has
been reached. The Kaplan-Meier approach will be used
to estimate MFS rates for each treatment arm. Compari-
son between treatment arms will be performed using the
Cox proportional hazards model with adjustment for
stratification factors. Hazard ratios will be estimated
with their 95% confidence interval (two-sided). The as-
sumption of proportionality will be assessed graphically.

CINSARC prognostic value

In a retrospective study, the 3-year MFS was estimated
to be 80 and 60% for LR and HR-CINSARC patients
with FNLCC G1/2 [9, 10]. The main objective is to de-
tect a hazard ratio of 2.1, which corresponds to a 3-year
MES equal to 80 and 63% in the LR and HR-CINSARC
group, respectively. A total of 86 events is necessary for
90% power to detect this difference if it is true using a
two—sided Logrank test at the 5% level of significance (it
is assumed that 33% of G1/2 treated by standard of care
are HR-CINSARC). Based on an estimated accrual rate
of approximately 12 patients per month for the accrual
of 375 patients treated by standard of care with a fixed
follow-up of 5years, we expect to see this number of
events 4 years after the start of the study.

All patients FNCLCC G1/2 with interpretable CINS
ARC results will be treated according to standard of
care. Survival rates (MFS, DFS and OS) will be estimated
by CINSARC groups using the Kaplan-Meier method.
Univariate analysis will be performed with the Logrank
test. Variables associated with a univariate Logrank p-
value less than 5% will be selected for multivariate ana-
lysis. Multivariate analysis will be performed with the
Cox proportional hazards model to study the prognostic
value of CINSARC groups on survival endpoints after
adjusting for prognostic factors. Proportional hazards as-
sumption will be assessed graphically.
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Discussion

This study protocol has several strengths. To our know-
ledge, this is the first randomized clinical trial to investi-
gate the role of perioperative chemotherapy in STS
patients G1/2 using a genomic signature to define HR
patients. It has the capacity to evaluate treatment benefit
in the HR-CINSARC population and to prospectively
confirm the prognostic value of the CINSARC signature.
However, this target selection design does not provide
information regarding the lack of chemotherapy benefit
in LR-CINSARC patients [19]. By using the CINSARC
signature as a stratification criterion, about one half
of the STS patients with G1/2 can be considered LR
with a probability of less than 20% that the disease
will recur. It seems reasonable to assume that the
treatment benefit and the risk of toxicity is not well
balanced in this subgroup, as many experts recom-
mend chemotherapy only when the risk of metastatic
disease is particularly high [20, 21].

Overall there is a strong rationale warranting a target
selection design to validate the role of the CINSARC sig-
nature in G1/2 STS sarcoma [10, 13]. In the best-case
scenario, this trial will confirm the value of perioperative
chemotherapy in G1/2 STS presenting HR-CINSARC in
grade % STS treated by standard of care. If the trial vali-
dates the prognostic value of the CINSARC signature in
this patient population, it may easily be used to define
eligibility criteria and stratification factors for future tri-
als in G1/2 STS patients.

In summary, the rationale of the CHIC trial can be
summarized as two interconnected goals:

— To determine the effectiveness of chemotherapy in
grade % STS patients with HR-CINSARC;

— To prospectively validate the prognostic value of the
CINSARC signature in grade % STS.
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