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ABSTRACT

Introduction Allogeneic haematopoietic stem-cell
transplantation (allo-HSCT) is a major treatment for many
haematological malignancies. The procedure has a good
success rate but high transplant-related toxicity (TRM).
TRM is mostly related to graft-versus-host disease (GvHD)
and infectious complications. Alterations of the intestinal
microbiota plays a major role in the development of allo-
HSCT complications. The gut microbiota could be restored
by faecal microbiota transplantation (FMT). However,

there are no published randomised studies assessing the
efficacy of FMT for GvHD prophylaxis.

Methods and analysis This prospective, open-label,
multi-centre, parallel-group, randomised phase-Il clinical
trial has been designed to assess the effect of FMT on
toxicity in patients treated with myeloablative allo-HSCT
for haematological malignancy. Based on Fleming’s single-
stage sample size estimation procedure, the design plans
to include 60 male and female patients aged 18 or over
per arm, to be randomly assigned to two groups, one with
and one without (control group) FMT. The primary endpoint
is GvHD-free relapse-free survival rate at 1year after
allo-HSCT. Secondary endpoints are outcome measures

of the impact of FMT on allo-HSCT-related morbidity and
mortality (overall survival and progression-free survival

at 1 and 2 years, haematological parameters, infectious
complications, tolerance and safety of FMT). The primary
endpoint will be evaluated according to assumptions of the
single-stage Fleming design, compared between groups
by a log-rank test and further investigated in a multivariate
marginal structural Cox model taking into account centre
effect. The proportional-hazard hypothesis will be verified
using Schoenfeld’s test and by plotting residuals.

Ethics and dissemination The local institutional review
board (CPP Sud-Est Il, France) issued approval on 27
January 2021. The French national authorities issued
approval on 15 April 2021. The outcome of the study will
be disseminated via peer-reviewed publications and at
CONgresses.

Trial registration number NCT04935684.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Graft-versus-host disease (GvHD)-free/relapse-free
survival (GRFS) is a composite endpoint of GvHD-
free, relapse-free survival after allogeneic hae-
matopoietic stem-cell transplantation (allo-HSCT),
defined as first occurrence of grade Ill-IV acute
GvHD or systemic therapy-requiring chronic GvHD,
disease relapse, or death from any cause during the
first 12 months after allo-HSCT, each of these GRFS
components being clinically meaningful.

= Some limitations concern the absence of placebo
arm due to an ethical point of view, and the absence
of blinding but we believe that there will be no im-
pact on the validity of the findings since the primary
outcome measure has a high degree of objectivity.

= Another limitation concerns the use in the ancillary
study of 16S analyses of stool samples, which does
not allow to precisely determine strain engraftment,
but based on funding availability, shotgun sequenc-
ing will be performed to better evaluate donor’s mi-
crobiota engraftment.

INTRODUCTION

Allogeneic haematopoietic stem-cell trans-
plantation (allo-HSCT) is a major treatment
for many haematological malignancies. It
requires the use of high-dose chemotherapy
as a pre-allo-HSCT conditioning regimen
which, together with artificial nutrition
and broad-spectrum antibiotics, disrupts
the diversity of the intestinal microbiota
(IM)." * These procedures can compromise
the integrity of the intestinal mucus, thus
promoting translocation of pro-inflammatory
microbes and release of pro-inflammatory
cytokines. This phenomenon may lead to an
increased activation of the donor’s immune
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cells promoting graft-versus-host disease (GvHD) due to
a cytokine storm.”” GvHD is the leading toxic cause of
post-allograft mortality, with acute GVHD (aGvHD) occur-
ring in 40%-50% of cases and chronic GvHD (cGvHD) in
30%-70%."" GVvHD can significantly erode the patient’s
quality of life and requires additional immunosuppres-
sive drugs, thus increasing the risk of infectious diseases.
GvHD therapies have improved, but the mortality rate
remains high in corticosteroid-resistant patients.

IM alterations are associated with an increased risk
of post-allogeneic relapse” and is involved in post-allo-
HSCT mortality, as high-IM-diversity patients have better
overall survival at 3 years.'” IM alterations at the time
of engraftment correlate with GVHD'' and mortality."
Faecal microbiota transplantation (FMT) after allo-HSCT
could (i) restore intestinal-tract bacterial diversity, (ii)
reactivate the anti-inflammatory abilities of commensal
bacteria, (iii) limit the risk of complications and (iv)
improve overall patient survival. FMT involves implanting
a stool from a healthy donor into the digestive tract of
a recipient patient to rebalance the host’s altered intes-
tinal flora. The only indication for FMT validated to date
is for multiple recurrent Clostridoides difficile infections.
This procedure has an 80%-90% success rate and has not
been associated with SAEs when performed carefully."* '*
The results, in terms of efficacy and safety, are the same
in immunocompromised patients, including allo-HSCT
patients.15 16

There are many ongoing studies to evaluate the effec-
tiveness of FMT for other indications such as inflamma-
tory bowel disease and eradication of multidrug-resistant
bacteria. Promising results are beginning to emerge with
FMT in the field of allo-HSCT. Most of these studies have
evaluated the efficacy or safety of FMT for GvHD treat-
ment, but with small numbers of patients.”_22 However,
there are no published randomised studies assessing the
efficacy FMT for GvHD prophylaxis.

The purpose of this trial is to investigate the safety and
efficacy of FMT for the prevention of complications in
allo-HSCT patients. The hypothesis is that allogeneic
FMT will improve outcomes in these patients.

METHODS AND ANALYSIS

Design and objective

The main objective of this prospective, open-label, multi-
centre, parallel-group, randomised phase-II clinical
trial is to assess the effect of allogeneic FMT versus no
treatment on GvHD-free relapse-free survival (GRFS)®
at lyear, in adult patients treated by myeloablative allo-
HSCT for haematological malignancy.

Study setting and participants

This study will take place in French centres participating
in the Francophone Society for Bone Marrow Trans-
plantation and Cellular Therapy (SFGM-TC) (online
supplemental table 1). Patients will be screened by the
investigating haematologist or oncologist during the

Box 1 Inclusion and exclusion criteria of patients

Inclusion criteria

= >18 years old.

= Men or women.

= Undergoing a myeloablative allo-HSCT (peripheral stem cells).

= Controlled haematological malignant disease.

= Signed and dated informed consent.

Exclusion criteria

= Tumour progressive at the time of allo-HSCT.

= Inability to understand the protocol (language barriers, cognitive
difficulties).

= Medical history of progressive or other cancer in the previous 3
years (excluding basal cell carcinoma).

= Presence of a simultaneous serious and uncontrolled disease (se-
vere cardiac, renal, hepatic or respiratory failure, severe sepsis).

= Faecal incontinence.

= Participation in another clinical trial studying an allograft procedure,
including type of graft, type of immunosuppression, preventive or
curative treatment of GvHD, or another clinical trial studying the ef-
fectiveness of FMT in another indication.

= Pregnant women.

= Patient under guardianship, curatorship or tutorship.

allo-HSCT, allogeneic haematopoietic stem-cell transplantation; FMT, faecal
microbiota transplantation; GvHD, graft-versus-host disease.

pretransplantation consultation. After first checking
the inclusion and non-inclusion criteria (box 1), the
study will be proposed to the patient, who will be given
a written information form (online supplemental file 1).
Before admission to the hospital for the allo-HSCT, the
patient will have the time to read the information form
and give his/her consent to participate. Patients who
have signed the informed consent form will be enrolled
in the study on the first day of hospitalisation for allo-
HSCT, pending a re-check of the eligibility criteria by the
medical investigator.

Stool donors will be healthy unrelated volunteers
recruited by the Clinical Investigation Platform/Clin-
ical Investigation Center—Inserm 1405 (PIC/CIC) of
Clermont-Ferrand University Hospital. The eligibility
criteria will follow the French National Health Authority
(ANSM) recommendations on the use of FMT in clinical
trials (online supplemental table 2).

The consent form will inform patients and donors
(online supplemental files 1 and 2) that a biological
collection is scheduled as part of this study and will clearly
state that included subjects are free to oppose this proce-
dure at any time.

Interventions

Allocation

Patients will be randomised into the following two groups:

» The ‘FMT’ group of patients receiving an FMT by
enema within 4 weeks after engraftment.

» The ‘no FMT’ group of patients who do not receive an
FMT and therefore no enema or colonic preparation
(comparator group).
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Box 2 Exclusion criteria at the time of randomisation

Exclusion criteria (randomisation)

= Hyperacute GvHD occurring prior to engraftment, as defined by the
MD Anderson Cancer Center.

= Chronic overlapping GvHD (‘overlap syndrome’) occurring prior to
engraftment, as defined by National Institutes of Health (NIH) criteria.

= Relapse or persistence of haematological malignancy requiring rap-
id withdrawal of immunosuppressive therapy.

= Uncontrolled infection requiring antibiotic treatment.

= Persistent severe mucositis or colitis, diarrhoea or painful
haemorrhoids.

= Absence of a neutrophil count >500/mm/mm3 for more than 3 con-
secutive days.

= >4 weeks postengrafment.

GvHD, graft-versus-host disease.

Randomisation will be conducted by the electronic
Case Report Form (eCRF) designed with Ennov Clinical
(V.8.2). The randomisation sequence will be generated by
minimisation and stratified by Disease Risk Index score,
use of antithymocyte globulin during the conditioning
regimen and centre to factor in the ‘centre effect’.

The data needed for randomisation will be entered
in the eCRF by the clinical research associate (CRA) or
the local site investigator. A request will be sent to the
Clermont-Ferrand clinical research unit to start the
randomisation process. Patients will be informed of their
randomisation group.

Randomisation will be done after haematopoietic stem-
cell engraftment (defined as an absolute neutrophil
count of >0.5><109/L on the first three consecutive days),
provided there are no exclusion criteria at that time
(box 2). Randomisation may be delayed if necessary but
has to be completed in time to ensure the FMT is done
within the first 4 weeks following engraftment, to reduce
as much as possible the risk of aGvHD development
before the FMT. If FMT is performed after this delay, the
concerned patients will be removed from the study. Allo-
cated intervention can be discontinued by:

» Withdrawal of consent by the patient.

» Decision by the sponsor and/or independent moni-
toring committee if one of the groups shows excess
mortality or toxicity.

Data collected up until the time of discontinuation will
be used for the study.

The result of the randomisation will be sent by email to
the local site investigator in charge of the patient, to the
CRA, to the Clermont-Ferrand University Hospital phar-
macy, and to the pharmacy of the centre concerned. To
respect patient anonymity, a study number will be given
to each patient.

Blinding

As this is an open-label study, neither investigator and
medical team nor patient will be blinded. Members of the
independent monitoring committee and the biostatisti-
cian will be blinded for the analyses.

Study treatment and comparator

Patients randomised to the ‘FMT group’ will receive
FMT within 4 weeks following post-allo-HSCT engraft-
ment. Antibiotics and antifungals have to be stopped at
least 72 hours pre-FMT (based on the half-life of most
antimicrobial drugs) and for 48 hours post-FMT to avoid
any deleterious effect on the transplanted microbiota.
In the event of active infection requiring antibiotics,
FMT will be rescheduled (but still has to be performed
within the month following haematopoietic stem-cell
engraftment).

The stool transplant will be done by enema. The day
before FMT, the patient will undergo bowel cleansing by
ingestion of 2 L of polyethylene glycol solution. On the
day of FMT, a colon cleansing enema will be performed
and the FMT will be delivered around 2hours later.

Frozen stool transplants (-80°C) will be prepared and
stored at Clermont-Ferrand Hospital pharmacy. Frozen
preparations will be sent (-20°C) to the hospital phar-
macy of the investigating centre on the days before
FMT. The distribution of donations will adhere to stool
donor-recipient absence of serodiscordance for Epstein-
Barr virus, cytomegalovirus and toxoplasma serologies. A
biological screening on blood and stool, including a stool
PCR test for SARS-CoV-2 will also be performed at the
beginning and at the end of the stool donation period
(online supplemental figures 1 and 2). Preparations will
be thawed at room temperature by the recruiting centre
pharmacy and sent to the haematology unit on the day of
transplant.

The enema (50g of stool sample diluted in 250 mL of
10% glycerol solution diluted with NaCl 0.9%) will be
performed by a qualified member of the study team using
arectal cannula within 6 hours after thawing. The patient
will need to keep the enema in for as long as possible (at
least 30 min). To achieve this goal, the patient will remain
supine during and after the FMT enema. Post-transplant
monitoring will include abdominal examination and
blood pressure, pulse and temperature monitoring every
hour for the first 4hours post-FMT. If the patient fails to
keep the enema for at least 30 min, then FMT will not
be repeated but the patient will continue the follow-up
protocol. If the patient is discharged from hospital, the
FMT can be done on an outpatient basis with the same
procedure.

Allo-HSCT modalities are to only allow myeloablative
conditioning. Granulocyte-colony stimulating factor
(G-CSF)-mobilised peripheral blood will be collected
by cytapheresis. Bone marrow source is not allowed.
Any donor HSCT will be allowed except cord blood. All
medications (conditioning regimen, GvHD prophylaxis,
toxicity management post-transplant and/or for compli-
cations) will be given as per the local centre’s routine
practice. All patients, regardless of randomisation, will
get standard-of-care follow-up at each centre, including
the diet regimen.
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Outcomes

Table 1 summarises the data collection schedule. The

primary endpoint is GRFS rate at 1year after allo-HSCT

in both groups. GRFS is a composite endpoint in which
events include grade III-IV aGvHD (Mount Sinai Acute

GvHD International Consortium (MAGIC) - criteria®) or

systemic therapy-requiring cGvHD (National Institutes of

Health Consensus Criteria (NIHCC)?"), disease relapse

or death from any cause during the first 12 months after

allo-HSCT.*
Secondary endpoints measure impact of FMT on allo-

HSCT-related morbidity and mortality:

» Overall survival and progression-free survival assessed
at 1 and 2 years post-allo-HSCT.

» Haematological parameters:

- Haematopoietic reconstitution assessed by: neutro-
phil recovery time >0.50x10"/L; spontaneous plate-
let recovery time >20x10°/L; spontaneous platelet
recovery time >50x10°/L; number of red blood cell
and platelet transfusions between D0 and D100.

- Engraftment rates evaluated by a chimerism
measure at M1, M2, M3, M6, lyear and 2 years
post-allo-HSCT.

- Transplantrelated mortality evaluated at M6, 1year
and 2 years post-allo-HSCT.

» Cumulative incidence of aGvHD (MAGIC criteria®) at
lyear post-allo-HSCT and cGvHD (NIHCC criteria®*)
assessed at 2 years post-allo-HSCT.

» Cumulative incidence of infectious complications
evaluated at lyear. Severe infections will be defined
according to GREFIG score.? Impact of FMT on
multidrug-resistant bacteria, extended-spectrum beta-
lactamases and C. difficile infection will be assessed at
lyear by evaluating persistence or disappearance of
these pathogenic bacteria after FMT.

» Tolerance and safety of FMT: each unexpected event
that could be FMT-related will be notified (abdominal
pain, diarrhoea, bacterial translocation or any enema-
related adverse event). Cumulative incidence of diar-
rhoea will be assessed at M6 post-allo-HSCT.

» Microbiota composition of the recipient assessed by
16S rRNA gene sequencing before the conditioning
regimen, between D7 and D14 after engraftment
(and before the FMT), at M1, M3 and lyear after
engraftment.

» Quality-oflife will be self-evaluated by patients using
a validated questionnaire (European Organization
for the Research and Treatment of Cancer Quality
of Life Questionnaire (EORTC-QLQ—CSO)27 before
the conditioning regimen, between D7 and D14 after
engraftment (and before the FMT), at M1, M3, M6,
lyear and 2 years after engraftment.

» An ancillary study will be performed on stool and
blood collections from patients and stool donors.

Participant timeline
The patient timeline is presented in figure 1. Recruit-
ment of stool donors to set up a frozen stool bank will

begin approximately 3months prior to inclusion of the
first patient in the study. Donations must be made within
8weeks of the date of biological screening. Each donor
will have to make at least two stool donations during this
period, and the number of donations is not limited if the
donations are made within 8weeks following baseline
biological screening. The PIC/CIC will send the faeces
sample to ClermontFerrand Hospital pharmacy for
preparation of the faecal transplants. At the end of each
donation period, a repeat screening test will be carried
out to confirm eligibility of the faeces.

Sample size

As this is a phase-II efficacy study, the estimated number of
subjects required is based on a Fleming design, as recom-
mended in the literature.”® * Sample size estimation is
based on a single-stage Fleming design because interim
evaluation cannot be planned due to the timeframe for
the evaluation of the primary endpoint.

For GRFS at lyear, we decided to reject a rate of
<40% and to accept a rate of >60%, based on data from
the SFGM-TC register between 2013 and 2016 and on
the appropriate literature.” With a one-sided test signif-
icance level (0=0.05; f=0.10), the minimum number of
evaluable patients to enrol is 60 per arm. With this design,
allogeneic FMT will be considered as an acceptable treat-
ment if 1 year GRFS is observed for 31 (out of 60) patients
or more. Sample size was estimated with sampsi_fleming
programme from Stata software.”® To take into account
included patients who will be ruled out from randomisa-
tion by exclusion criteria at the time of randomisation, the
study will include 75 patients per arm, but the intention-
to-treat analysis will only concern randomised patients. A
per-protocol-analysis will include only patients who have
kept the FMT enema during at least 30 min. If patient are
lost to follow-up, data will be collected-up until the point
of dropping out. Data from patients who do not complete
the study until the end of the follow-up will be included
in the intention-to-treat analyses.

Data collection and management

Assessment and collection of outcomes

The investigators and the medical team at each centre
will be trained in the protocol to ensure all members
know the trial procedures. The allo-HSCT procedure and
allied follow-up are well-known by each medical team.
The quality-of-life questionnaire is a validated self-report
questionnaire (EORTC-QLQ-C30)? that has previously
been used in several studies. All the data from clinical
examinations, biological check-ups, questionnaires and
type of artificial nutrition (if applicable) is to be recorded
in the patient’s medical file, which will constitute the
source data for the protocol. This data will be collected
directly in the eCRF.

Allo-HSCT patients benefit from a dense schedule
of medical and biological follow-up that will serve
to measure and monitor the evaluation criteria for
the primary and secondary endpoints until 2 years. If
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Open access

Aged 18 or over undergoing myeloablative allo-
HSCT with peripheral stem cells

Patients eligibility

1

Study pr0p058| Pre-transplantation consultation
Inclusion Day 1 of hospitalization for allo-HSCT
n=150 If no exclusion criteria
Conditioning regimen
Allo-HSCT
Aplasia

White blood cells recovery

Randomization (neutrophils count > 0,5G/L

n=120 during 3 consecutive days)
After exclusion criteria
FMT No FMT
0 Within 4 weeks after white blood cells recovery
n=60 n=60

! !

Specific protocol
assessment

Until 720 days post-allograft

Figure 1 Patient timeline. Patients will be screened for eligibility during the pretransplantation consultation. The inclusion visit
will take place during the first day of hospitalisation for eligible patients who have signed the consent form. The patient will have
a complete clinical examination, the usual biological check-up, a stool sample for microbiota analysis and a blood sample for
serum collection. The period D7 to D1 corresponds to completion of the myeloablative conditioning regimen followed by the
reinjection of haematopoietic stem cells which, by convention, is called DO. During the entire hospitalisation period, the patient
will be followed as per usual standard-of-care practice with daily clinical and biological monitoring. Randomisation will be
done at the end of engraftment (and maximum 4 weeks after), provided the patient does not present exclusion criteria at that
time. Both patient groups will have a stool sample for the microbiota analysis and blood samples for serum collection within
these 4 weeks (before the FMT for patients randomised to the ‘FMT group’). Follow-up will continue either in day hospital or in
consultation at least once a month for a year. The evaluation criteria for the primary and secondary endpoints will be measured
throughout routine clinical and biological follow-up until 2 years. A stool sample for microbiota analysis and a blood sample
for serum collection will be collected at M1, M3 and 1 year after engraftment. allo-HSCT, allogeneic haematopoietic stem-cell
transplantation; FMT, faecal microbiota transplantation.

patients are lost to follow-up, data will be collected up
until point of drop-out. Data from patients who are lost
to follow-up will be included in the intention-to-treat
analysis.

Data management

In order to meet regulatory requirements (Guidance for
Computerized systems Used in Clinical Trials, Interna-
tional Conference on Harmonisation, GCP 2001,/20/CE),
eCRF design, data monitoring and database extractions
will be performed with the Ennov Clinical Suite software
package.

Confidentiality

Persons with direct access to study data shall take all the
necessary precautions to ensure the confidentiality of all
information related to the nature of the experimental
medicinal products, the trial, identity of participants,
results obtained, etc. During the research or at its end,
all data collected on the participants and transmitted to
the sponsor by the investigators (or any other special-
ised contributors) will be anonymised. Subjects will be
assigned a study-specific coded number indicating their
order of inclusion.
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Statistical methods

Primary and secondary outcomes

All statistical analyses will be performed using Stata soft-
ware (V.15, StataCorp) before breaking the randomisation
codes, as per International Conference on Harmoniza-
tion-Good Clinical Practice (GCP) guidelines. Baseline
description will be carried out per arm without infer-
ential statistical tests, as per Consolidated Standards of
Reporting Trials guidelines. Categorical and discrete data
will be expressed as frequencies and percentages, and
the continuous data will be expressed as mean and SD or
median and IQR, according to statistical distribution. The
Shapiro-Wilk test will be used to test for normality. Statis-
tical analyses will be run on intention-to-treat and per-
protocol samples. A description of all patients excluded
and the reasons for all protocol deviations will be done.

The primary endpoint will be estimated by the Kaplan-
Meier method. For analysis of the primary endpoint,
GREFS at 1-year post-transplant will be compared using the
40% and 60% Fleming sample-size estimation thresholds,
based on data from the SFGM-TC register between 2013
and 2016 and on the appropriate literature. The primary
endpoint will then be compared between groups, as
described by Holtan et al,”® using the log-rank test, and
further investigated in a multivariate marginal structural
Cox model taking into account centre effect. Covariates
will be determined according to univariate results (afore-
mentioned log-rank test used to determine associated
factors of the primary endpoint) and to clinical relevance
(anticipated relationship with the primary outcome,
including stratification parameters). A particular atten-
tion will be paid on multicollinearity. The proportional
hazard hypothesis will be verified using Schoenfeld’s
test and by plotting residuals. Results will be expressed
as HRs and 95% CIs. Other censored data will be anal-
ysed as described for the primary endpoint. Competitive
risk analysis (Fine and Gray model) will be conducted if
necessary.

A detailed descriptive analysis of the tolerance and safety
of FMT after allo-HSCT will be presented. Then, continuous
endpoints (such as number of red blood cell and platelet
transfusions between DO and D100) will be compared
between randomisation groups using the unpaired t-test or
the Mann-Whitney U test when appropriate. The assump-
tion of homoscedasticity will be assessed using a Fisher-
Snedecor test. The results will be expressed as effect-sizes
and 95% Cls. In multivariate settings, multiple linear mixed
models will be performed, with centre as random effect.
The normality of residuals will be checked as mentioned
above. If appropriate, a transformation will be proposed to
achieve normality of the dependent variable. Categorical
endpoints (such as neutrophil recovery time >0.50x10"/L,
spontaneous platelet recovery time >20x10°/L, sponta-
neous platelet recovery time >50x10”/L, each unexpected
event that could be FMT-related will be notified (abdom-
inal pain, diarrhoea, bacterial translocation or any enema-
related adverse event), cumulative incidence of aGVH
at lyear post-allo-HSCT and cGVH assessed at 2 years

post-allo-HSCT) will be compared between groups by a x>
test or, if appropriate, Fisher’s exact test. Generalised linear
mixed models will be completed. Results will be expressed
as relative risks and 95% Cls.

In order to compare the evolution of repeat-collected
longitudinal data (such as microbiota composition,
quality-of-life evaluated with EORTC-QLQ-C30, engraft-
ment rates), the analyses will be carried out using suitable
randome-effects models to study arm, point-in-time evalu-
ation and their interactions as fixed effects, taking into
account between-patient and within-patient variability, in
addition to the centre effect as random effect.

There are no interim analyses in this study.

Additional analyses

Faecal DNA extraction will be performed as previously
described.* Gut microbiota composition and diversity
will be determined using 16S sequencing. Following PCR
(V3-V4 region, PCR1F_460: 5° CTTTCCCTACACGACG
CTCTTCCGATCTACGGRAGGCAGCAG 3’, PCRIR_460:
5’ GGAGTTCAGACGTGTGCTCTTCCGATCTTACC
AGGGTATCTAATCCT 3'), amplicon quality will be veri-
fied by gel electrophoresis before sequencing on an Illu-
mina MiSeq (Illumina, San Diego, California, USA). The
dada2 software package in the R programming language
will be used to perform quality control, read trimming and
identification of amplicon sequence variants (ASVs). The
Silva reference database (V.138 or later) will be used for
taxonomic assignment. Prevalence filtering will exclude
ASVs present in only one sample. The Shannon diversity
index will be used to estimate alpha diversity, based on the
number of unique ASVs and their evenness of distribution.
Statistical significance for diversity will be tested using the
Wilcoxon rank-sum test. Beta diversity will be calculated
using the Bray-Curtis divergence on proportional (total
sum scaled) data using the vegan package (V.2.5-6 or
later), with Permutational Multivariate Analysis of Variance
(PERMANOVA) performed using the adonis function (999
permutations). Data analysis will be performed through
the phyloseq package (V.1.30.0 or later). Sequencing and
analysis will be centralised in a single lab.

Missing data

To putsignificantresults into perspective, a sensitivity anal-
ysis will be conducted to measure the impact of missing
data. In intention-to-treat analyses, patients randomised
to the FMT arm who did not keep the FMT enema for
at least 30 min will be considered as a failure. If neces-
sary, additional analyses will be performed according to
the statistical nature of missing data (missing at random
or not), including multiple imputation or the estimations
proposed by Verbeke and Molenberghs (https://link.
springer.com/book/10.1007/b98969) adapted specifi-
cally to repeated data.
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Oversight and monitoring

Coordinating centre

The coordinating centre team is composed of a principal
and coordinating investigator, subinvestigators, a coordi-
nating CRA, pharmacists, a data manager and a biostatis-
tician. This team will open the centres with a visit by the
principal investigator and/or subinvestigators and the
coordinating CRA, train the haematology nurses on the
practical aspects of FMT, handle centralised randomisa-
tion of patients, and run all statistical, methodology and
data management procedures. A sponsor-mandated CRA
will ensure that the study is properly carried out in each
centre and that the data generated in writing is collected,
documented, recorded and reported in compliance with
ClermontFerrand University Hospital Standard Oper-
ating Procedures, with GCP, and with all governing legal
and regulatory provisions. Frequency of these visits will
be defined according to number of inclusions at each
centre.

Data and Safety Monitoring Board

An independent Data and Safety Monitoring Board
(DSMB) has been set up, and is composed of a trans-
plant haematologist, a gastroenterologist practicing
FMT, a pharmacist and a methodologist, none of whom
will participate in the study. This DSMB will meet at the
start of the study and then at any point deemed necessary
during the study, on its own initiative or at the request
of the sponsor, and in particular to analyse the safety
data. Furthermore, as the main endpoint will be assessed
at lyear, the 3month toxicity data will be reported to
the independent DSMB annually. Inclusions will not be
stopped during this safety assessment.

Adverse events

The investigator has an obligation to report any serious
adverse event (SAE) to the sponsor and the pharmacovig-
ilance authority. Any SAEs are to be promptly reported on
the day the investigator becomes aware of them, whether
during the active phase of the study or after the end of the
trial. An SAE form will be completed, indicating the date
of occurrence, intensity, relationship to the treatment (or
the study) and follow-up. If an SAE persists at the end of
the study, the investigator will follow the patient until the
event is considered resolved. All SAEs will be recorded in
the eCRF.

Frequency and plans for auditing trial conduct

The sponsor may carry out a functional trial audit of
the participating centres to verify that the provisions
described in the study procedures are fully adhered to.

Plans for communicating important protocol amendments to
relevant parties

Any substantial modifications of the protocol will be
submitted by the sponsor to the DSMB, and then to the
IRB and the ANSM. Any other minor amendments will
be sent to the IRB and the ANSM. Any amendments
made will become effective after approval issued by the

appropriate authorities. Participants will be informed of
any change of the protocol and/or eligibility criteria, and
will be given an updated information sheet and consent
form.

Patient and public involvement statement
None.

DISCUSSION

Allo-HSCT is a major treatment for many haematological
malignancies, with around 2000 allo-HSCTs performed
every year in France. However, the toxicity associated with
the procedure is high. GvHD is the main cause of toxic
death after allo-HSCT. After years without a curative alter-
native to steroids, ongoing prospective trials are testing
a number of emerging new drugs (JAK2 inhibitors, BCR
inhibitors and others) in an attempt to improve outcomes
in aGvHD or cGvHD patients.

The few relevant reports in the literature assume that
FMT is safe and innovative in restoring gut microbiota
diversity and might be an alternative cure for GvHD.'™*
Retrospective data gives convincing arguments for a
negative impact of gut microbiota alterations on post-
allo-HSCT outcomes, but there might be some bias in
interpreting the observations (patients who receive large,
broad-spectrum antibiotics and thus an impaired IM,
might also be more advanced patients). Despite strong
evidence of the impact of IM alterations on GvHD,
transplant-related mortality and overall survival'~> %12 #0-%2
and the favourable effect of restoring a healthy IM by FMT,
only two studies have set out to evaluate the feasibility/
safety/effectiveness of allogeneic FMT after allo-HSCT
(ClinicalTrials.gov NCT03720392 and NCT02733744).
This randomised study will enrol a total of 120 patients.
It can thus provide valuable insight into the effect of an
early IM restoration with a healthy donor IM.

The main evaluation criterion of this study is l-year
GRFS, which is a strong marker of allo-HSCT success
and has been widely used in allo-HSCT trials since The
Blood and Marrow Transplant Clinical Trials Network
recognised the potential utility of a composite endpoint.™
Secondary endpoints will evaluate haematological and
infectious outcomes, plus the impact of FMT on micro-
biota composition and diversity. Microbiota analysis will
give us an important picture of the difference in diversity
of bacterial communities between patients from the FMT
group (before and after FMT) and the patients from the
‘no FMT’ group. Since we plan a l-year postFMT anal-
ysis, it will also give valuable data on the long-term impact
of FMT in allo-HSCT patients. We hope to identify the
microbial factors of donor microbiota that are associated
with positive clinical outcomes as a starting point for
standardising the faecal microbiota to select for GvHD
prophylaxis.

We believe that the absence of blinding will not impact
the validity of the findings since the primary outcome
measure (1year GRFS) has a high degree of objectivity.
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We also chose to select only the myeloablative condi-
tioning regimen and to use G-CSF-mobilised peripheral-
blood HSC grafts (i) to homogenise the population and
(ii) because these modalities are associated with a higher
incidence of GvHD.

The donor selection criteria have been made extremely
restrictive in order to ensure the safety of the FMT. Only
a few donors will be selected and asked to repeat their
donation several times to constitute the frozen stool bank.

Ethics and dissemination
The local institutional review board (CPP Sud-Est II,
France) issued approval on 27 January 2021. The French
national authorities (ANSM) issued approval on 15 April
2021. Informed consent will be obtained from all patients
and healthy volunteers prior to participation in this trial.
Full protocol, participantlevel data, statistical codes,
trial datasets and analyses will be made available on
request from the corresponding author after examining
the request. Two participant information sheets and
consent forms have been written: one for patients (online
supplemental file 1) and the other for healthy volunteers
(online supplemental file 2). The outcome of the study
will be disseminated via peer-reviewed publications and
at congresses.
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