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ABSTRACT

Introduction The management of mid and low rectal
cancer is based on neoadjuvant chemoradiotherapy (CRT)
followed by standardised surgery. There is no biomarker
in rectal cancer to aid clinicians in foreseeing treatment
response. The determination of factors associated with
treatment response might allow the identification of
patients who require tailored strategies (eg, therapeutic
de-escalation or intensification). Colibactin-producing
Escherichia coli (COPEC) has been associated with
aggressive colorectal cancer and could be a poor
prognostic factor. Currently, no study has evaluated

the potential association between intestinal microbiota
composition and tumour response to CRT in mid and
low rectal cancer. The aim of this study is to assess the
association between response to neoadjuvant CRT and
faecal intestinal microbiota composition and/or CoPEC
prevalence in patients with mid or low rectal cancer.
Methods and analysis This is a non-randomised
bicentric prospective clinical study with a recruitment
capacity of 200 patients. Three stool samples will be
collected from participants with histological-proven
adenocarcinome of mid or low rectum who meet eligibility
criteria of the study protocol: one before neoadjuvant
treatment start, one in the period between CRT end and
surgery and one the day before surgery. In each sample,
CoPEC will be detected by culture in special media and
molecular (PCR) approaches. The global microbiota
composition will be also assessed by the bacterial 16S
rRNA gene sequencing. Neoadjuvant CRT response and
tumour regression grade will be described using the
Dworak system at pathological examination. Clinical
data and survival outcomes will also be collected and
investigated.

Ethics and dissemination MICARE was approved by
the local ethics committee (Comité de Protection des
Personnes Sud-Est II, 18 December 2019. Reference
number 2019-A02493-54 and the institutional review
board. Patients will be required to provide written informed

STRENGTHS AND LIMITATIONS OF THIS STUDY

= As far as we know, this is the first study to evaluate
association between intestinal microbiota composi-
tion and tumour response to chemoradiotherapy in
mid and low rectal cancer.

= MICARE is a prospective clinical study including 200
patients.

= This study is based on a non-invasive and repro-
ductible faecal test.

= Tumour response will be described at pathological
examination after surgery.

= The limitation of this study will include population
stratification for delay between radiotherapy and
surgery, and adjonction of neoadjuvant chemother-
apy in tumour response evaluation.

consent. Results will be published in a peer reviewed
journal.
Trial registration number NCT04103567.

INTRODUCTION

With more than 700000 new cases and
300000 deaths in 2018, rectal cancer is the
eighth leading cause of cancer deaths world-
wide.! The initial management of mid and low
rectal cancer is based on neoadjuvant chemo-
radiotherapy (CRT) for locally advanced
tumours. This is associated with a significant
decrease of the locoregional recurrence rate,
but without survival improvement.** Neoad-
juvant treatment is followed by standardised
surgery.” Total mesorectal excision is crucial
for reducing tumour recurrence,” but its
significant morbidity can affect the patients’
quality of life. Prognosis also depends on
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the tumour response to neoadjuvant CRT. Currently, the
surgical strategy is adapted in function of the tumour
response to neoadjuvant treatment, assessed by MRI after
CRT end.” Indeed, the objective is therapeutic deescala-
tion with rectal preservation to decrease morbidity and
functional disorders. For patients with complete response
(up to 25% of patients), careful monitoring without
surgery (‘watch and wait’ strategy) has been proposed.®*
For small tumours with good response to CRT, transanal
excision with rectal preservation seems to be feasible
in terms of cancer prognosis.'” For patients with large
tumours or a locally advanced disease, a tailored treat-
ment strategy with total neoadjuvant therapy (TNT)
is now a gold standard." '* After surgical excision, the
tumour response is classified in five pathologic tumour
response grades, according to the Dworak classification,
on the basis of the pathology findings.” Recent studies
reported up to 30% of poor responders (grades 0 and
1)."" These data emphasise the importance of the initial
tumour staging and response to neoadjuvant CRT for
tailoring surgical strategies. MRI is an essential tool for
these two assessments.''® These data highlight the need
of response predictive models to adapt the TNT in mid
and low rectal cancer.

Gut microbiota behaves as a real organ and participates
in intestinal homeostasis. An imbalance in its composi-
tion (dysbiosis) could be involved in many pathologies,
including colorectal cancer (CRQ).'*2! Escherichia coli (E.
coli) has been widely described as a bacteria which could
be involved in CRC.** E. coli is the predominant aero-
anaerobic Gram-negative specie in human colon, but it is
also a pathogen involved in various intestinal diseases.**
Indeed, some E. coli strains have acquired the capacity
to produce toxins named cyclomodulins, including coli-
bactin that is encoded by the pks island.*” Colibactin-
producing E. c¢oli (CoPEC) has genotoxic effects by
inducing DNA damage and chromosomal instability,”*’
CoPEC implication in CRC has been demonstrated,
particularly in aggressive forms.”*?* Specifically, higher
E. coli colonisation rate and higher prevalence of CoPEC
are found in patients with TNM stage III or IV tumours®
(UICC TNM Classification, 8th Edition, 2017).*> More-
over, CoPEC gut colonisation might contribute to modu-
late the immunotherapy efficacy.”® Recent clinical studies
discussed the prognostic role of intestinal microbiota
in the tumour response following surgery and chemo-
therapy or immunotherapy” and suggested that it could
be used as a biomarker to predict tumour response to
neoadjuvant treatments. On the other hand, very few
clinical studies have assessed the influence of gut micro-
biota on radiotherapy efficacy, especially in rectal cancer.
Recently, a preclinical study showed that mice which
survive a high dose of radiation, harboured gut micro-
biota enriched with Lachnospiraceae and Enterococcaceae.™
Yet, a description of the intestinal microbiota composi-
tion before neoadjuvant therapy could allow identifying
predictive bacterial markers of tumour response in rectal
cancer, and to adapt TNT.

Indeed, chronic exposure of the gastrointestinal tract
to genotoxins could be a prognostic marker of radio-
therapy response. CoPEC colonisation would start at the
very beginning of life® and might lead to exposure of
the intestinal mucosa to chronic genotoxic stress. The
resulting damage could give cells the ability to resist to
other genotoxic stresses such as radiation therapy. One
in vitro study already showed the decreased radiation
sensitivity of cells incubated by colibactin.?” Therefore,
developing a non-invasive method to analyse gut micro-
biota composition and to evaluate CoPEC implication
in the response to CRT could help clinicians to tailor
cancer management and to develop tools to control the
pathologic microorganisms identified as new therapeutic
targets.

METHODS AND ANALYSIS
This study protocol is written in accordance with the
SPIRIT guidelines (online supplemental file 1).

Objectives

Primary objective

The study’s primary objective is to assess the correlation
between response to neoadjuvant CRT and CoPEC pres-
ence in stool samples.

Secondary objectives

» To analyse in a non-targeted manner the global
microbiota composition before CRT and to evaluate
the correlation between composition and response to
treatment.

» To study the modulation of the intestinal microbiota
by CRT.

» To describe the correlation between clinical data and
microbiota composition modulation induced by CRT.

» To determine microbiological prognostic factors of
overall survival, disease-specific survival and relapse-
free survival (locoregional and metastatic) in patients
with low or mid-rectum cancer.

» To create a microbiological database for future mech-
anistic analyses.

» To study the modulation of CoPEC colonisation by
CRT.

Study design

The study is a non-randomised bicentric prospective clin-
ical study. Two surgical teams will be involved—Institut du
Cancer de Montpellier and CHU de Clermont-Ferrand;
and an INSERM Unit—MZ2iSH Clermont-Ferrand. The
study actually started on January 2020 and the estimated
study completion date is November 2027.

Patients’ selection

Inclusion criteria

» Histologically-proven adenocarcinoma of low or mid
rectum, of stage II or III (UICC TNM Classification,
8th Edition, 2017%).
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Figure 1 MICARE flow diagram.

» Patient eligible for neoadjuvant treatment (50 Gray
radiation and capecitabine, CAP 50), according to the
French national recommendations.” *

» Informed signed consent received.

Man or woman aged >18 years.

» Appropriate contraceptive measures taken by men
and pre-menopausal women before study entry and
for at least 8 weeks after the last CRT cycle. Patients
should be informed by the investigator on the contra-
ceptive measures to use.

v

Exclusion criteria

» Antibiotic treatment at the time of stool sampling or
in the month before.

» Presence of a derivative stoma.

» Previous chemotherapy treatment for rectum cancer.

» Patient not affiliated to the French social security
system.

» Patient with possible poor treatment compliance for
psychologic, familial, social and geographic reasons.

» Legal incapacity or limited legal capacity.

» Pelvic radiotherapy or brachytherapy in the year
before inclusion in the study.

» History of other cancers in the 5 last years, except for
cervical carcinoma in situ and skin carcinoma, but
including melanoma under treatment.

Dworak classification J

» Pregnant or breastfeeding woman.

Study sponsor

The sponsor (Montpellier Cancer Institute, ICM) is
responsible for the study design and management, and
for obtaining all study authorisations (Persons Protection
Committee, National Agency for Medical Security). It
will also declare to these authorities the inclusion period
beginning and end, produce the final study report,
inform the competent authorities of the trial results and
store all study-related documents for at least 15 years after
the study end.

Clinical study procedures
Inclusion in the study
The study flow diagram is presented in figure 1.

Before study entry, all patients will receive exhaustive
explanations on the study aims and procedures. A signed
informed consentwill be obtained from all patients before
any study procedure (online supplemental file 2). At
baseline, demographic (sex, age), clinical (performance
status, weight, height, medical history, initial diagnosis
date, tumour localisation, histologic type) and biolog-
ical (complete blood count, carcinoembryonic antigen
(CEA) level) data will be collected (table 1). Patients will
undergo rectal examination and tumour staging by CT,

Table 1 Flowchart with the clinical and radiological evaluations

Assessment Baseline Re-evaluation Day before surgery Follow-up every 6-8 months
Informed consent X

Selection criteria validation X

Demographic and clinical data X

Physical examination X

Patient inclusion X

Stool sample X X X

Patient vital status X
Tumour evaluation

Rectal MRI X X X
CT X X
Rectal examination X X X
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rectal MRI and possibly rectal endoscopic ultrasound
examination (depending on the centre decision).

During the surgical consultation, the first stool sample
(stool sample N°1) may be collected during rectal exam-
ination (faeces left on the clinician’s glove), or by proc-
toscopy. Otherwise, the stool sample will be collected by
the patient.

Neoadjuvant treatment

Patients will undergo neoadjuvant CRT in accordance
with the French national guidelines.” The recommended
regimen is a concomitant oral chemotherapy (5-FU/
CAPECITABINE) and 50 Gray radiotherapy. Despite
PRODIGE 23 and RAPIDO trials, it is highly recom-
mended to add a systemic chemotherapy (FOLFIRINOX
or FOLFOX) to the CRT in locally advanced rectal
cancer.'? CRT data (dose, possible dose modifications or
interruptions) and CRT complications will be recorded.

Re-evaluation

During the consultation after CRT end and before
surgery, a second stool sample (stool sample N°2) will
be collected, as described for the baseline sample. If the
patient has received antibiotics in the month before this
consultation, stool sampling will not be performed.

This second consultation will include MRI examination
as during the baseline visit. The tumour response will be
described precisely with emphasis on the tumour regres-
sion grade according to the MERCURY study experience.’

Surgery

Surgical data (surgery type, digestive reconstruction or
stoma and surgical outcomes), anatomopathological data
(histologic type, ypTN grade, Dworak grade,"” Quirke
classification, circumferential resection, distal margins
and extramucosal vascular invasion) and biological data
(RAS and BRAF mutational status, if available) will be
collected. The day before surgery, before bowel mechan-
ical preparation, the third stool sample (stool sample
N°3) will be collected in hospital, as described for the
previous samples. If the patient received antibiotics in the
month before hospitalisation, stool sampling will not be
performed.

Pathologic analysis

To meet the primary objective, the pathologic analysis of
the surgical specimens will describe the tumour regression
grade according to the Dworak classification'® (table 2).

Patients with grade 0 and 1 tumours will be considered
poor responders, in accordance with the literature.

Safety

All adverse events will be reported following the study
sponsor’s pharmacovigilance procedures, and in accor-
dance with the applicable regulation (online supple-
mental file 3).

Follow-up and study duration
Follow-up will last 5 years from the date of surgery. The
frequency of follow-up visits will be decided at each
centre. Every 6—8 months, the disease and survival status
will be assessed. Recurrence will be investigated by clin-
ical examination with rectal MRI and CT and a tumour
marker test (CEA) (table 1). Locoregional or metastatic
relapse will be reported in the case report form with the
date of relapse diagnosis.

As the inclusion period will be of 36 months and the
follow-up will last 5 years, the total study duration will be
of 8 years.

Microbiological analyses

Sample handling

Three stool samples will be collected during the study
(figure 1): (i) one at patient inclusion, before any treat-
ment, to describe the baseline intestinal microbiota
composition; (ii) one during the interval between the
end of neoadjuvant CRT and surgery, at the surgical
consultation for tumour reappraisal; and (iii) one just
before bowel preparation (mechanical or antibiotics) for
surgery.

Each sample will be divided into two cryotubes: one
empty and one with 15% glycerol/DMEM to preserve
cell integrity. Samples will be immediately stored at
-80°C until transport to the M2iSH laboratory, Clermont-
Ferrand, France, which will be in charge of the molecular
analysis and storage of the samples.

E. coli strain identification and CoPEC detection

All microbiological analyses will be performed as previ-
ously described.” After thawing, samples stored in
DMEM/glycerol will be crushed and diluted in sterile
phosphate buffered saline pH 7.4 before plating on
TBX agar and chromogenic agar chromID CPS3 plates
(bioMérieux) to allow the identification and quan-
titation of enterobacteria. Colonies (around 48 per
sample) will be collected for molecular typing, and their

Table 2 Tumour regression grade (TRG), Dworak classification'®

TRG Pathology
Grade 0 No regression
Grade 1 Dominant tumour mass with obvious fibrosis and/or vasculopathy
Grade 2 Dominant fibrotic changes with few tumour cell groups (easy to find)
Grade 3 Very few (difficult to find microscopically) tumour cells in fibrotic tissue with or without mucous substance
Grade 4 No tumour cell, only fibrotic mass (total regression or response)
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identification will be confirmed with the automated Vitek
II (bioMérieux) system. Enterobacterial Repetitive Inter-
genic Consensus PCR will be used as genotyping method
to determine the number of E. coli strains per sample.*®

E. coliharbouring the colibactin-encoding pksisland will
be identified by PCR analysis of each E.coli isolate.*’ This
will allow identifying the presence of CoPEC (primary
objective).

Untargeted analysis of the local microbiota composition

Global microbiota modifications will be assessed by high-
throughput sequencing of the bacterial 16S rRNA gene
in DNA extracted from the three stool samples using the
NucleoSpin DNA stool kit (Macherey-Nagel, Hoerdt,
France), according to the manufacturer’s instructions.
Quantitative PCR will be performed to quantify pro-
carcinogenic bacterial species, such as Fusobacterium
nucleatum, Enterococcus feacalis, bfi-positive Bacteroides fragilis
and CoPEC. In addition, the V4 region of the bacterial 16S
rRNA gene will be amplified using the 515F/806R primer
pair followed by Illumina high throughput sequencing
on a MiSeq apparatus, according to the manufacturer’s
guidelines. A global description of the intestinal micro-
biota could also be obtained by shotgun metagenomic
sequencing to access the microbiota functional features
after selection of the more informative samples.

Endpoints

Primary endpoint

The primary endpoint (associated with the primary objec-
tive) is the relative risk (RR) of poor response to neoad-
juvant CRT in patients colonised by CoPEC (‘exposed’)
compared with non-colonised patients (‘unexposed’).

Secondary endpoints

» Prevalence and CoPEC colonisation rate before and
after CRT.

» Other bacterial strains present before CRT and rela-
tive risk of poor response to CRT in colonised and
non-colonised patients.

» Type, prevalence and colonisation rate of bacteria
other than CoPEC in the microbiota, before and after
CRT.

» Percentage of colonised patients, depending on the
bacterial type, according to the clinical parameters
(age, sex, body mass index).

» HR for overall survival, disease-specific survival and
relapse-free survival (locoregional or metastatic)
in colonised patients, for the different bacterial
types, according to the overall bacterial composition
(including CoPEC), and in non-colonised patients.

Data collection and management

The database will be managed by the sponsor, and data
stored at the data processing centre, Biometrics Unit of
the Montpellier Cancer Institute. Case report form design
and clinical data management will be implemented
using the Ennov Clinical software. Microbiological data
will be collected in a database first stored at the M2iSH

laboratory and then transferred to the sponsor database
for analysis. Data and any trial documents will be made
available on reasonable request and after signature of a
data access agreement.

In accordance with the General Data Protection Regu-
lation, a registration number will be used to identify
each patient. The corresponding table will be encrypted
and stored in a secure place. Special vigilance will
be exercised throughout the study to maintain data
anonymisation.

Study monitoring, quality control and audit

According to the sponsor’s risk-based monitoring plan
(study participants, logistics, resources, impact), the
collection of the patient informed consents and the
respect of the study protocol and procedures will be
monitored.

To guarantee the originality of all data and in accor-
dance with the Good Clinical Practices, quality control will
be performed by the sponsor. The study will be managed
according to the sponsor procedures and in respect of
the protocol, and the quality of the data included in the
report forms will be checked.

The sponsor may wish to conduct an audit at some
investigating centres. Audits may be conducted by the
sponsor or any duly authorised person for at least 15 years
after the trial.

Statistical considerations
Sample size
The recruitment capacity for this exploratory study will
be around 200 patients. For a mean rate of 30% of poor
responders to the neoadjuvant treatment among the
patients not colonised by CoPEC (ie, a proportion of
response P2=0.30 among unexposed patients), the study
will be able to estimate a relative risk of 1.7 (RR=1.7) with
a 30% precision and a CI at 95% (0=0.05). Patients in
whom the CoPEC colonisation status cannot be deter-
mined at baseline, in whom CRT must be prematurely
arrested, or who cannot undergo surgery will be consid-
ered non-evaluable.

Considering a 10% rate of potentially non-evaluable
patients, a total of 220 patients (20 supplementary
patients) will be included in the study.

Study population

Two populations will be defined for the analysis. The
intention-to-treat population will be defined as all
patients included in the study, treated (patients who
received complete/partial neoadjuvant treatment) and
not treated (patients who did not undergo CRT), eligible
(ie, all patients who were included in the study without
violation of a major inclusion or exclusion criterion) or
not, and with/without baseline stool sample. The per-
protocol population will include all eligible patients,
treated (complete or partial CRT), and with baseline
stool sample.
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Statistical analyses

Qualitative variables will be described by frequencies and
percentages, and quantitative variables with means, SD,
medians and ranges. No imputation method will be used
in case of missing data. Correlations between qualitative
variables will be assessed using the %* or Fisher exact
test. Quantitative variables will be compared using the
Student’s t-test or the Kruskal-Wallis test. Comparison of
quantitative variables at different times (before and after
CRT) will be assessed using the Wilcoxon test for matched
samples. The RR of poor response to neoadjuvant CRT
in CoPEC-colonised patients (or colonised by other
bacteria) compared with non-colonised patients will be
estimated using a logistic regression (univariate analysis)
and will be presented with the 95% CI. Survival analyses
will be performed using the Kaplan-Meier method and
survival distributions compared with the log rank test.
HRs and their 95% CI will be estimated with a Cox propor-
tional risk model. A detailed statistical analysis plan (SAP)
will be written before the database is locked for analysis;
supplementary subgroup analyses, if appropriate, will be
specified in the SAP. All analyses will be performed using
the Stata V.16 software (Stata, College Station, Texas).

Patient and public involvement
There was no patient or public involvement in the design
of this study.

DISCUSSION

The implication of intestinal microbiota in CRC has been
widely demonstrated.* Several recent studies suggest that
different bacterial species, including CoPEC, could be
used as biological biomarkers for CRC diagnosis and prog-
nosis.” ** ' ¥ * The potential role of the gut microbiota
in the modulation of the efficacy of anti-tumour treat-
ments has been studied, with interesting results regarding
chemotherapy and immunotherapy.?’ However, these
studies were focused on colon cancer dysbiosis and few
data are available on rectal cancer and mucosa. Moreover,
the correlation between gut microbiota homeostasis and
radiation sensitivity remains unclear. Patients treated by
pelvic radiation develop long-term complications that
affect their quality of life, and have worse functional
results than patients treated with surgery alone.*” * It
has been hypothesised that the intestinal microbiota has
a significant impact on pelvic enteropathy47 ; however,
pelvic irradiation is responsible for microbiota dysbi-
osis.”®* To our knowledge, no previous study has assessed
the local microbiota composition and its implication in
the response to CRT in rectal cancer, although treatment
response is one of the key points for prognosis estima-
tion. Biomarkers to predict tumour response in rectal
cancer are still crucially needed. Imaging techniques”
and biological markers” ** have been evaluated, but
they are often expensive and complicated to implement.
Moreover, the results are still discussed. Currently, their
use seems to be limited to research and expert centres.

The present study will describe the intestinal microbiota
composition in patients with rectal cancer receiving
neoadjuvant CRT to show its potential correlation with
the tumour response, focusing on CoPEC colonisation. In
addition, the effect of radiotherapy on the local intestinal
microbiota composition will be studied by comparing
stool samples collected before and after CRT. Unlike
studies on the intestinal microbiota in colon cancer in
which tumour fragments are needed, in the case of mid
or low rectal cancer, stool samples should be representa-
tive of the local microbiota.

One of the main hypotheses to explain CoPEC effect
on CRT response is based on their capacity to induce
DNA damage.25_27 Besides the direct effect on the cell,
radiotherapy is also cytotoxic through the production of
reactive oxygen species and reactive nitrogen species.”
Chronic genotoxic stress caused by CoPEC presence in
gut mucosa could lead to an adaptation of the gut mucosa
to genotoxic agents and consequently to reduce radiation
sensitivity and resistance to therapy. For instance, in an
in vitro study, Wilson et al observed less DNA damage in
colibactin-positive epithelial cells infected by CoPEC.?’
Moreover, radiation sensitivity is closely linked to auto-
phagy regulation.”*® Recent studies showed the involve-
ment of gut microbiota in autophagy regulation, with
a link to chemoresistance.”® Tonising radiation effects
might be modified indirectly through autophagy dereg-
ulation induced by gut microbiota. In addition, radio-
therapy cytotoxic effect could result in a modification
of the local microenvironment with significant clinical
consequences.”

The modulation of radiotherapy efficacy by the intes-
tinal microbiota is an emerging concept in CRC, but its
study faces many obstacles, especially sample availability.
In this study, we want to develop a non-invasive repro-
ducible faecal test that could become a key biomarker to
predict tumour response to CRT. Our work will help clini-
cians to tailor neoadjuvant therapeutic strategies with the
final goal of increasing tumour response, organ preserva-
tion, and reducing surgical morbidity, while maintaining
oncological safety.

Ethics and dissemination
The study protocol (V.3.0, dated on 24 September 2019)
was approved by the local ethics committee (Comité de
Protection des Personnes Sud-Est II, 18 December 2019,
Reference number 2019-A02493-54) and the institu-
tional review board COMERE. The French National Drug
Agency Authority (ANSM) was informed. The study was
registered on Clinicaltrials.gov, identifier NCT04103567.
All patients will be informed of the study objectives
and procedures by the investigators before enrolment.
A signed informed consent will be obtained from all
patients before their inclusion in the study and before
any study procedure is performed. All patients may end
their participation in the study at any time, for whatever
reason, withoutany consequence or prejudice concerning
their care. Study participants will be able to request global
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results from investigators as soon as study results become
available.

In the event of substantial modification, the request
will be sent by the sponsor to the ethics committee for
an opinion. On receipt of the favourable opinion, the
sponsor will send the amended version of the protocol to
all investigators.

The study will be conducted in accordance with the
current French and European Regulatory requirements,
including regulations on biomedical research from the
Public Health Code, the bioethics and data protection
laws and decrees, the French Jardé’s law on research
implicating human beings, the Good Clinical Practice
and the Helsinki Declaration.
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