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Abstract

Background: Preoperative radiochemotherapy (RCT) is recommended in France prior to total mesorectal excision
in patients with mid or low locally advanced rectal cancer (LARC) (cT3/T4 and/or N+) because it has been shown to
improve local control. Preoperative RCT has also disadvantages including the absence of proven impact on
metastatic recurrence and the risk of late side effects on bowel and genitourinary function. In patients with
primarily resectable LARC, preoperative systemic chemotherapy without pelvic irradiation could be used as an
alternative to RCT.
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Methods: This study is a multicenter, open-label randomized, 2-arm phase III non-inferiority trial. Patients with mid
or low resectable LARC (cT3N0 or cT1-T3N+ with circumferential resection margin [CRM] > 2mm on pretreatment
MRI) will be randomized to either modified FOLFIRINOX for 3 months or RCT (Cap50 intensified-modulated
radiotherapy). All patients have restaging MRI after preoperative treatment. The primary endpoint is 3-year
progression-free survival (PFS) from the time to randomization including progression during preoperative treatment.
Secondary endpoints are treatment related toxicity, treatment compliance, R0 resection rate, sphincter saving
surgery rate, postoperative morbidity and mortality rates, loco-regional recurrence free survival, overall survival,
bowel and sexual functions at diagnosis, quality of life, radiologic and pathologic response after preoperative
treatment. The number of patients required is 574.

Discussion: The choice of modified FOLFIRINOX for preoperative chemotherapy is supported by recent and
consistent data on safety and efficacy of this regimen on rectal cancer. The use of preoperative chemotherapy
instead of RCT could be associated with pronounced advantages in terms of functional results and quality of life in
cancer survivors. However and first of all, the non-inferiority of preoperative chemotherapy compared to RCT on
oncologic outcome has to be validated. If this study demonstrates the non-inferiority of chemotherapy compared
to RCT, this can lead to a crucial change in clinical practice in a large subset of rectal cancer patients.

Trial registration: ClinicalTrials.gov NCT03875781 (March 15, 2019).
Version 1.1.

Keywords: Locally advanced rectal cancer, Circumferential resection margin, Preoperative chemotherapy,
Preoperative radiochemotherapy, Quality of life, Functional result

Background
Local control of rectal cancer has been considerably im-
proved by the standardization of the surgical technique
of mesorectal excision [1] and by preoperative treatment
including or based on radiation therapy [2–4]. The risk
of local recurrence in rectal cancer patients undergoing
surgery after preoperative radiochemotherapy (RCT)
currently ranges from 2.9 to 7.6% in most recent con-
trolled randomized trials [2, 4–6]. Preoperative RCT has
therefore been widely admitted as a standard of care in
combination with total mesorectal excision in patients
with locally advanced middle or low rectal cancer (cT3/
T4 and/or N+). However, all patients with locally
advanced rectal cancer (LARC) may not benefit from
preoperative pelvic irradiation. The risk of local recur-
rence after rectal cancer surgery is closely linked to
circumferential resection margin (CRM) and consistent
data have shown that this parameter can be accurately
predicted preoperatively on MRI [7, 8]. As such, CRM-
based strategies have been proposed to select patients in
whom irradiation could be safely omitted [8, 9]. On the
other hand or furthermore, preoperative pelvic irradi-
ation has never been clearly shown to reduce the risk of
metastatic recurrence and to improve overall survival in
patients who underwent rectal cancer surgery [10]. Fi-
nally, consistent data have shown that preoperative pel-
vic irradiation is associated with a higher risk of long
term digestive and genitourinary dysfunction compared
to patients undergoing surgery alone [11, 12]. A number
of recent studies suggest that preoperative full-dose

oxaliplatin-based chemotherapy could be efficient for
local control and used as an alternative to RCT in se-
lected LARC patients [13–15]. This approach could have
the advantage to limit the risk of local recurrence after
surgery by analogy to RCT but without the risk of late
side effects associated with pelvic irradiation. The ad-
ministration of preoperative chemotherapy could also
have of positive effect on the risk of metastatic recur-
rence and long-term survival.

Methods and design
Study overview
This study is a phase III multicenter randomized open-
label controlled trial in parallel groups, comparing
preoperative systemic chemotherapy using 6 cycles of
modified FOLFIRINOX without pelvic irradiation to
standardized RCT in patients with resectable LARC.
This study aims to demonstrate the non-inferiority of
preoperative chemotherapy using modified FOLFIRI-
NOX without pelvic irradiation compared to RCT on
oncologic outcomes in locally advanced resectable low
or middle rectal cancer (cT3N0 and/or cT1-T3N+). In
this study, resectable rectal cancer is defined by cT3
and/or cN+ rectal tumors with predictive circumferential
resection margin > 2 mm can therefore be defined as
locally advanced primarily resectable rectal cancer. All
patients have pretreatment MRI. The study design is
shown in Fig. 1. The primary endpoint is progression-
free survival.
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Participants
Patients are included from several departments of
surgery or oncology (n = 40) in France (see list of par-
ticipating centers in the Supplementary data 1) after
validation of. All participating sites signed a convention
with the institutional promoter (Assistance Publique-
Hôpitaux de Paris – DRCI: Département de la
Recherche Clinique et de l’Innovation, Saint Louis
Hospital, 75,475 PARIS) for ethical approval before be-
ginning of inclusion. The study is coordinated by 3
investigators-coordinators (SB, JBB, FH) that have the
responsibility of the selection and the validation of the
participating centers. The monitoring of the inclusion in
the trial and the methodological aspects (collection,
management, analysis, and interpretation of data) of the
research are under the responsibility of the Unité de
Recherche Clinique of Lariboisière Saint-Louis, Assist-
ance Publique Hôpitaux de Paris directed by Pr E.
Vicaut. A steering committee including several investiga-
tors of the trial (SB, AB, FH, JBB, EV) is responsible for
all the decisions that have to be taken regarding the
study including the overall organization of the study,
coordination of the information, initial methodology and
monitor the research process, suggestion of procedures
to be followed during the study, acknowledging the
recommendations of the Data and Safety Monitoring
Board.

Screening of eligibility criteria
Eligible patients are screened in outpatient consultation
by the investigators at each participating centers. All pa-
tients are required to have a complete work up of rectal
cancer including clinical examination (previous history
of colorectal cancer or other neoplasia, physical examin-
ation, assessment of WHO/ECOG performance status,

assessment of digestive symptoms), complete colonos-
copy with biopsy, rectal MRI, CT scan of the chest, the
abdomen and the pelvis, and blood sample tests with
tumor markers, and serum pregnancy test. Inclusion and
exclusion criteria are as follows:

Inclusion criteria
For inclusion in the study, all of the following inclusion
criteria must be fulfilled: histologically proven middle or
low rectal carcinoma, ≤ 10 cm from the anal verge on
MRI (sagittal slide), cT3N0 and/or cT1-T3N+ on pre-
treatment imaging work up (pelvic contrast enhanced
MRI and/or endorectal ultrasound), pretreatment pre-
dictive circumferential margin > 2mm on pretreatment
imaging work up (pelvic contrast enhanced MRI), pa-
tients must be 18 years old or older, a World Health
Organization (WHO/ECOG) performance status of 0 or
1, informed consent signed, patients of childbearing / re-
productive potential should use adequate birth control
measures during the study treatment period and for at
least 6 months after the last study treatment. A highly ef-
fective method of birth control is defined as those which
result in low failure rate (i.e. less than 1% per year) when
used consistently and correctly. Presumed node invasion
(cN+) is defined as the presence of at least one mesorec-
tal lymph node of more than 8mm on pretreatment
imaging.

Exclusion criteria
Patients are not eligible for this study if any of the
following exclusion criteria apply: rectal tumor > 10 cm
from the anal verge on MRI (sagittal slide), cT4 tumor
on pretreatment imaging work up (pelvic contrast
enhanced MRI and/or endorectal ultrasound) or involve-
ment of external sphincter, circumferential margin ≤2

Fig. 1 study design
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mm on pretreatment imaging work up (pelvic contrast
enhanced MRI), metastatic disease, prior pelvic irradi-
ation or any contraindication to pelvic irradiation,
contraindication to oxaliplatin or irinotecan or 5FU
based chemotherapy, concomitant treatment with war-
farin is contraindicated and warafarin must be replaced
whenever possible to allow for inclusion, contraindica-
tions to 5-FU: complete and permanent insufficiency in
dihydropyrimidine dehydrogenase, bone marrow insuffi-
ciency, chronic and severe infection, contraindication to
irinotecan: inflammatory bowel disease, bilirubin serum
level > 3 times the upper limit of the normal rate, severe
bone marrow insufficiency, WHO/ECOG performence
status > 2, concomitant treatment with millepertuis,
contraindication to oxaliplatin including bone marrow
insufficiency before treatment initiation (neutrophil
count < 2 × 109/L and/or platelet count < 100 × 109/L),
peripheral neuropathy with permanent invalidity before
treatment initiation, severe renal insufficiency (Creatinin
clearance < 30 ml/min), contraindications to folinic acid
including Biermer anemia and other anemia related to
B12 vitamin insufficiency, contraindications to capecita-
bin: severe renal insufficiency (Creatinin clearance < 30
ml/min), live attenuated vaccine should not be used
during and 6months after preoperative treatment, previ-
ous colorectal cancer, other concomitant or previous
malignancy, except: i/ adequately treated in-situ carcin-
oma of the uterine cervix, ii/ basal or squamous cell
carcinoma of the skin, iii/ cancer in complete remission
for > 5 years; presence of any psychological, familial,
sociological, or geographical condition potentially ham-
pering compliance with the study protocol and follow-
up schedule; those conditions should be discussed with
the patient before registration in the trial; protected
adults; pregnancy or breastfeeding; patient with no
national health or universal plan affiliation coverage.

Inclusion and randomisation
The overall schedule of each participant in the trial is
summarized in supplementary data 2. The eligibility of
the patients is confirmed and validated during multidis-
ciplinary meeting including colorectal surgeons, digestive
oncologists, radiation oncologists, and radiologists. This
multidisciplinary meeting is recommended for any pa-
tient with rectal cancer based on French clinical cancer
guidelines and is not specific to the study. An inclusion/
randomisation visit is organized after the multidisciplin-
ary meeting with a partner physician investigator of the
study (surgeon, gastroenterologist, oncologist, or radio-
therapist) to inform the patient, to obtain free written
informed consent, and to proceed to inclusion and
randomization. The randomisation will be made using
block of random size and will be stratified according to
investigator center and rectal tumour location (< or > 5

cm from the anal verge). The patient is randomized to
receive either 6 cycles of modified FOLFIRINOX (experi-
mental arm) or standardized RCT (control arm).

Experimental arm
Patients in the experimental arm will receive a modified
FOLFIRINOX regimen, one cycle every 14 days as
followed Ondansetron 8mg IV and methylprednisolone
120 mg IV 15 min will be administered before chemo-
therapy start, Oxaliplatin 85 mg/m2 IV 2-h infusion in
250 mL of 5% glucose solution followed by infusion of
50 mL of 5% glucose solution, then Irinotecan 180 mg/
m2 IV 90-min infusion in 250 mL of sodium chloride 9
mg/mL (0.9%) or 5% glucose solution, Folinic Acid 400
mg/m2 (DL form) or 200mg/m2 (L form) IV 2-h infu-
sion in 500 mL of 5% glucose solution, along irinotecan
infusion, followed by 50 mL 5% glucose solution, then 5-
FU 2400mg/m2 given as a continuous infusion over 46 h
in 5% glucose solution.
Prophylactic G-CSF administration is recommended

when chemotherapy cycle has to be delayed for 1 week
or more for neutropenia (see appendix modality of prep-
aration and administration of chemotherapy drugs).

Control arm
The RCT protocol is standardized in the trial to limit
the variability of tolerance and efficacy of the treatment
in the control arm. Radiotherapy will consist in intensity
modulation radiation therapy (IMRT) delivering a total
dose of 50 Gy in 25 fractions of 2 Gy. Concomitant
chemotherapy with capecitabine will be administered
from the first to the last day of the radiation treatment
(excluding weekends) at a daily dose of 825 mg/m2/12 h.
In addition, the study protocol plans a quality control of
RCT including a pretest case (benchmark case) at each
participating center before the inclusion of the first
patient.

Post treatment MRI reevaluation
The risk of progression of resectable LARC becoming
unresectable during systemic modified FOLFIRINOX is
low but this theoretical issue cannot be excluded. Be-
sides clinical reevaluation of response and toxicity of
preoperative treatment, all patients have MRI reassess-
ment 30 ± 8 days after the end of preoperative treatment
in both groups. The aim of this reevaluation is to con-
firm that CRM remains > 2 mm before surgery to avoid
the risk for incomplete (R1) resection. At the time of
MRI reassessment, a CRM ≤2 mm is considered as an
event of progression for the analysis of the primary
endpoint (see definition of progression free survival in
“endpoint section” below) and should lead to adapt
treatment strategy to avoid loss of chance in the experi-
mental with additional preoperative RCT before surgery.
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Surgery
Surgical resection is performed 6 to 8 weeks after the
end of preoperative treatment in both groups. Rectal re-
section will be performed with respect to French clinical
guidelines for oncologic surgery [16]. According to these
recommendations, open or laparoscopic proctectomy
with total mesorectal excision and > 1 cm distal margin
excision should be performed with curative intent. High
ligation of inferior mesenteric artery is recommended to
obtain adequate lymphadenectomy. Temporary defunc-
tioning ileostomy in patients undergoing sphincter
saving surgery and anastomosis is recommended [17].

Postoperative treatment and follow-up
Indication of postoperative treatment is not standardized
in the trial and is left at the discretion of each local
multidisciplinary team after discussion on a per-patient
basis according to French clinical guidelines [16]. Based
on these guidelines, oxaliplatin-based chemotherapy is
recommended in ypN+ and R1 resection on final patho-
logic examination in both groups and postoperative RCT
can be proposed as an alternative option in case of R1
resection in the experimental group. In patients with in-
complete resection with persistence of macroscopic re-
sidual tumoral tissue (R2 resection), postoperative RCT
should be proposed in experimental group, and chemo-
therapy alone in the control group. Post-treatment
follow-up is organized with regular clinical and imaging
reassessment based on French guidelines. Following
completion of study treatment, patients without progres-
sion will be followed-up every 3 months during 2 years
and thereafter every 6 months for 3 years. In patients
who develop disease-progression during the follow up,
treatment of the recurrence will be left at physicians
discretion based on current French clinical cancer guide-
lines [18]. In the experimental group, the re use of modi-
fied FOLFIRINOX based chemotherapy can be possible
and should discussed in patients without residual per-
manent drug related toxicity.

Endpoints
The primary endpoint of this phase III study is 3-year
progression-free survival (PFS) from the time to
randomization. Survival rate will be calculated using the
Kaplan-Meier method. In this trial, a modified definition
of PFS will be used for the primary endpoint. The ra-
tionale for using this modified definition of PFS is to
better assess time to failure of the whole treatment strat-
egy (preoperative treatment and surgery).
Progression will be assessed as follows:

– progression during preoperative treatment assessed
by MRI reevaluation after chemotherapy or RCT: a
circumferential resection margin (CRM) < 2mm at

MRI reevaluation (22–38 days after completion of
preoperative treatment) is considered as a
progression event. Diagnosis of any new distant
lesion whatever the site (liver, lung, adrenal and
peritoneum) during preoperative treatment is
considered as a progression.

– progression after surgery: PFS will be considered to
be the time from randomization to the date of first
recurrence/progression after surgery or death,
whatever comes first.

Note: Absence of resection or R1 resection per se will
not be considered an event for PFS. If a progression is
noticed at surgery, it will not count as such as event for
PFS (due to the impossibility to determine if the patient
has indeed progressed or the disease status was underes-
timated by initial imaging).
Diagnosis of recurrence or progression can be made

only when the clinical and laboratory findings meet at
least one of the following criteria objective radiological
recurrence or progression on radiological imaging (ultra-
sound, CT scan, MRI scan, TEP scan as indicated by the
clinical picture), positive cytology or biopsy (in case of
ascites, anastomotic recurrence, doubt on radiological
imaging), death will be considered as an event.
Secondary endpoints include evaluation of treatment

related toxicity and evaluation of using the International
Common Terminology Criteria for Adverse Events
(CTCAE), version 4.0, compliance with study protocol
defined as the completion of full-dose preoperative treat-
ment according to the protocol, radiological response on
MRI based on tumor size reduction and tumor regres-
sion grade (ymrTRG) [19], R0 resection rate (longitu-
dinal and circumferential resection margin > 1 mm) and
quality of resection (number of lymph nodes harvested
and mesorectal 3 grades Quirke’s grading system),
sphincter saving surgery rate, postoperative morbidity
and mortality rates, pathologic response after chemo-
therapy and RCT according to the Rödel Tumor Regres-
sion Grading (TRG) system [20], loco-regional
recurrence free survival, uncontrolled local recurrence
rate, overall survival, bowel function using bowel func-
tion dimension of EORTC questionnaire QLQ-CR29
and Low Anterior Resection Syndrome (LARS) score
[21] assessed at the inclusion, after preoperative treat-
ment 6 months and 1 year after surgery, sexual function
using sexual function dimension of EORTC question-
naire QLQ-CR29 at the inclusion, after preoperative
treatment, 6 months and 1 year after surgery, Health-
Related Quality of Life (HRQoL) using the French
version the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core
30 (EORTC QLQ-C30) version 3.0, with the specific
CRC module (QLQ-CR29) [22, 23] at the inclusion, after
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preoperative treatment, months and 1 year after surgery.
All the study data will be collected in an electronic
clinical research form (eCRF Cleanweb®) that has been
designed and validated by the steer committee and that
will be monitored by the Unité de Recherche Clinique
Fernand Widal – Lariboisière. All adverse events are also
collected in the eCRF and each adverse events will
graded according to its severity using the CTCAE v4.
For each adverse event, the investigator must assess the
causal relationship of between protocol treatment
(chemotherapy, chemoradiotherapy, surgery) and the oc-
currence of the event. The investigators have to declare
systematically serious adverse events to the sponsor.

Statistical analysis
A sample size of 551 patients, based on an expected
accrual duration of 36 months, 60 months minimum
follow-up, and an expected 3 year DFS rate in the pre-
operative RCT arm of 70%, is expected to provide 295
DFS events required to provide 80% power to declare
non-inferiority of the preoperative chemotherapy arm
when the true hazard ratio between arms is 1.0 (H1).
This design has a type one-error rate of 0.05 if the true
hazard ratio between arms is 1.34 (H0). This hazard rate,
in an exponential survival model, corresponds to a
decrease in the 3-year DFS rate on the preoperative
chemotherapy arm to 62%. In this design the critical
driver of the analysis timing is the number of DFS
events, as the precise accrual and follow-up patterns will
differ by study and are impossible to precisely anticipate.
Two interim analyses for efficacy and futility for the pri-
mary end point were planned and will be conducted at
0.11 and 0.33 (approximately 33 and 98 DFS events) in-
formation fraction using an O’Brien-Fleming stopping
boundary. By considering a rate of 4% for not inform-
ative or lost to follow-up patients the total number of
patients to be included in this trial was 551*100/96 = 574
patients. The access to study data and all statistical ana-
lyses is under the responsibility of the Unité de
Recherche Clinique Fernand Widal – Lariboisière (EV).

Ethics and safety
This study (version 1.1) has been approved by a national
Institutional Review Board: the Regional Comity of Pa-
tients Protection of Ile de France VI, CPP 77–18, Dos-
sier n° 18.10.18.66606. All protocol modifications have
first to be declared and validated by a new CPP assess-
ment. The institutional promoter is the Assistance Publi-
que Hôpitaux de Paris, France. The trial has been
registered on ClinicalTrials.gov website under the identi-
fication number NCT03875781 on March 20,197. This
study received a grant from the Ministry of Social Affairs
and Health of France (PHRC-K 2017). The study

complies with the Declaration of Helsinki rules and the
principles of the Good Clinical Practices guidelines.

Discussion
The rationale of omitting pelvic irradiation in a CRM
based strategy to locally advanced rectal cancer
Despite its interest in improving local control of rectal
cancer patients, preoperative RCT has also several disad-
vantages. First, preoperative RCT has never been shown
to decrease the risk of metastatic recurrence and to im-
prove survival in rectal cancer patients undergoing total
mesorectal excision regardless pathological tumor stage
[3, 10]. Second, RCT is associated with an increased risk
of late side effects on intestinal and genitourinary func-
tions. Compared with patients undergoing upfront sur-
gery, patients who have been treated with preoperative
pelvic irradiation have an increased risk of poor intes-
tinal functional results. Risk of occurrence of some
degree of fecal incontinence can be up to 62% in patients
undergoing rectal surgery after RCT compared to 38%
in patients undergoing upfront surgery [24, 25]. The risk
of severe low anterior resection syndrome (LARS) is also
significantly increased in patients treated with preopera-
tive pelvic irradiation, with an incidence of severe LARS
of 56% after irradiation compared to 35% after surgery
alone [12]. Preoperative pelvic irradiation is also associ-
ated with an increased risk of impaired sexual function-
ing both in males and females [11, 26]. Finally, some
dimensions of quality of life including physical function-
ing can be deteriorated in patients treated with pre-
operative RCT [11, 26]. The absence of proven benefit
on long-term survival and the risk of late side effects as-
sociated with RCT questions its routine use for all T3 or
T1-T3N+ rectal cancer patients.

The choice of modified FOLFIRINOX as preoperative
treatment for locally advanced rectal cancer
Recent phase II and one phase III studies evaluated the
feasibility and the safety of preoperative oxaliplatin-
based chemotherapy without pelvic irradiation prior to
total mesorectal excision in selected patients with cT2-
T3Nx rectal cancer [13–15, 27]. These studies have
shown that preoperative chemotherapy alone was associ-
ated with a high rate of complete R0 resection (100%), a
low risk of postoperative local recurrence (0–2%) and
progression free-survival up to 92% at 4-year in selected
LARC patients. Triplet combination regimen appears to
be particularly effective in rectal cancer and several re-
cent phase II studies have used modified FOLFIRINOX
either as induction chemotherapy in a tailored approach
to LARC [28] or in metastatic rectal cancer [29]. GREC-
CAR 4 phase II trial reported that a 80% objective re-
sponse rate (more than 50% size reduction of tumor) of
patients with LARC [28] after four cycles. In the FFCD
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1102 phase II trial, 90% of patients with metastatic rec-
tal cancer had adequate control of symptoms of the pri-
mary tumor and 55% of patients had major radiologic
response (defined by tumor volume reduction > 70%)
on MRI in primary tumor after eight cycles [29]. At this
time, long-term data comparing systemic chemotherapy
using modified FOLFIRINOX and standard RCT have
not been reported. The demonstration of the non-
inferiority of preoperative chemotherapy alone
compared to RCT in locally advanced resectable rectal
cancer on oncologic outcomes may lead to avoid late
side effects on functional results associated with pelvic
irradiation without increased risks of locoregional re-
currence. In addition, full dose chemotherapy before
surgery may have a beneficial effect on long-term onco-
logic outcome as a substantial number of patients do
not receive postoperative chemotherapy after total
mesorectal excision following preoperative radiotherapy
because of postoperative complications [30, 31]. The
validation of this new therapeutic strategy is therefore
of major interest for rectal cancer patients and could
lead to a change to standard treatment to these
patients.

The choice of the study design and primary outcome
measure
The administration of preoperative chemotherapy with-
out pelvic irradiation may have substantial advantages
compared to standard RCT especially in cancer survivors
by decreasing the risk of late side effects and the nega-
tive impact of treatment on long term quality of life.
This approach has first to be demonstrated as safe and
at least non inferior to the standard treatment in term of
oncologic outcome. The interest of preoperative RCT
has been demonstrated on the reduction of the risk of
local recurrence. However, this criterion is not adequate
to objectively evaluate the quality of the whole treatment
strategy. The last important trials evaluating new treat-
ment modalities in rectal cancer have rather used
disease-free or progression free survival [5, 6] which is a
strong surrogate marker of overall survival in cancer pa-
tients [32]. Of course, the study aims at demonstrating
the non inferiority of preoperative chemotherapy using
modified FOLFIRINOX in terms of progression free sur-
vival compared to RCT; the second objective is to show
that it may limit the risk of long term side effects of
treatment. This non inferiority phase III design has been
discussed and validated in 3 French surgical and cancer
societies, namely FRENCH, GRECCAR, and PRODIGE.
The implication of these groups will favor and guarantee
the capacities of inclusion of the trial. If the trial is posi-
tive, it may lead to an important change in the treatment
strategy to patients with resectable LARC.
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