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Abstract

Background: We evaluated whether integration of novel diets for donors and patients, in addition
to faecal transplantation [FT], could increase FT remission rate in refractory ulcerative colitis [UC].
Methods: This was a blinded, randomised, controlled trial in adults with active UC, defined by
a simple clinical colitis activity index [SCCAI] of >5 and <11 and endoscopic Mayo score 2-3,
refractory to medication. Group 1 received free diet and single donor standard FT by colonoscopy
on Day 1and rectal enemas on Days 2 and 14 without dietary conditioning of the donor. Group 2
received FT as above but with dietary pre-conditioning of the donor for 14 days and a UC Exclusion
Diet [UCED] for the patients. Group 3 received the UCED alone. The primary endpoint was Week 8
clinical steroid-free remission, defined as SCCAI <3.

Results: Of 96 planned patients, 62 were enrolled. Remission Week 8 Group 1 was 2/17 [11.8%],
Group 2 was 4/19 [21.1%], Group 3 was 6/15 [40%] [non-significant]. Endoscopic remission
Group 1 was 2/17 [12%], Group 2 was 3/19 [16%], Group 3 was 4/15 [27%] [Group 1 vs 3 p=0.38].
Mucosal healing [Mayo 0] was achieved only in Group 3 [3/15, 20%] vs 0/36 FT patients [p = 0.022].
Exacerbation of disease occurred in 3/17 [17.6%] of Group 1, 4/19 [21.1%] of Group 2, and 1/15
[6.7%] of Group 3 [Group 2 vs 3, p=0.35].
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Conclusions: UCED alone appeared to achieve higher clinical remission and mucosal healing than
single donor FT with or without diet. The study was stopped for futility by a safety monitoring

board.

Key Words: Ulcerative colitis; faecal transplantation; diet, microbiome; fibre

1. Introduction

The pathogenesis of ulcerative colitis [UC] is unknown. Recent
studies have suggested that UC is associated with alterations of the
gut microbiota? and impaired mucous layer and epithelial barrier.*
The dysbiosis in UC is characterised by a reduction in short chain
fatty acids [SCFAs]-producing taxa,’” and in some studies by an in-
crease in potential pathobionts such as Escherichia or Ruminococcus
gnavus,® or hydrogen sulphide-reducing bacteria.® Manipulation of
the microbiota has become one of the most intriguing targets for
intervention in inflammatory bowel diseases [IBD].

Dietary therapy has been used successfully in mild to moderate
Crohn’s disease’ and may be effective in mild to moderate UC in
children as well, though dietary interventions in UC are just getting
under way [Sarbagili Shabat & Levine /in press] and data regarding
dietary interventions in inflamed adults with UC are lacking. Faecal
microbial transfer [FT] is another option for altering the microbiota,
and is postulated to do so by replenishing or repopulating the micro-
biota with beneficial taxa from a healthy donor. FT has been shown
to be effective in the short term in about 30% of cases.!™!"s Success
of FT appears to depend upon the choice of donor and its microbiota
composition,'®'* and use of multi-donor high-frequency FTs.'> High-
frequency FT appears to be associated with better outcomes but re-
quires multiple weekly or daily transplants to achieve and maintain
remission.'> Pooled multi-donor FTs may also offer an advantage,'?
suggesting that colonisation of transplanted microbial communi-
ties does not occur or is lost and is dependent on frequent FTs to
achieve outcomes. An additional approach that improved colonisa-
tion was use of antibiotics before FT.'* Although clinical remission
rates are superior in FT groups compared with placebo groups,'”
each regimen may have advantages or disadvantages.'® Use of mul-
tiple FTs or multiple donors may increase the risk of transmissible
traits and diseases, and requires a large screened donor pool as well
as frequent administration usually with enemas.

David et al. demonstrated that diet can rapidly change the micro-
biota and bacterial metabolism, such that consuming a high animal-
and low plant-based diet significantly altered the composition of the
microbiome, decreasing SCFAs-producing taxa.'”

We hypothesised that a strategy incorporating a novel UC dietary
intervention and donor diet might improve the effectiveness of FT as
a treatment for active refractory UC patients.

2. Methods

2.1. Patient population

The Conditioning of Recipient And donor with Faecal Transplantation
in Ulcerative Colitis: [CRAFT UC] trial was a single, blinded, ran-
domised, controlled trial, involving three arms, in adults with refrac-
tory established UC. Patients with active disease and a colonoscopy
demonstrating Mayo endoscopic score of >2 were randomised 1:1:1
to one of three groups; Group 1 were allowed to consume a free
diet and received a standard FT by colonoscopy on Day 1 and rectal
enemas from the same donor on Days 2 and 14, without dietary

conditioning of the donor. Group 2 received FT by colonoscopy on
Day 1 and rectal enemas from the same donor on Days 2 and 14, with
dietary pre-conditioning of the donor for 14 days, and dietary treat-
ment with an ulcerative colitis exclusion diet [UCED] after transplant-
ation and for the following 12 weeks. Group 3 received the UCED
alone without FT for 12 weeks [Figure 1]. The control arm with the
diet was specifically introduced to enable us to separate the effect of
the donor diet from the recipient diet. Group 3 with diet alone was
designed to enable us to evaluate the independent effect of diet. Using
single donors who provided samples before and after diet allowed us
to evaluate the independent effect of donors. Group 1 allowed us to
evaluate the independent effect of FT. The study was registered in five
sites, but only four sites enrolled patients: the ‘Fondazione Policlinico
Universitario A. Gemelli IRCCS’ Hospital in Rome, the Inflammatory
Bowel Diseases units of the Tel Aviv Medical Center, the Wolfson
Medical Center in Holon, and the Emek Medical Center in Afula,
from Israel. Physicians enrolling patients were blinded to randomisa-
tion and to performance of colonoscopy, and for patients undergoing
transplantation, blinded to the donor [pre-conditioned with diet or
not] and to whether patients received the diet after transplantation.

2.2. Inclusion/exclusion criteria

Patients could be included if they had an established diagnosis of UC,
disease confined to the large intestine, involving the rectosigmoid for
at least 3 months, were 18-70 years of age, had mild to moderate
active disease defined as SCCAI of >5 and <11 with Mayo endo-
scopic sub-score >2 despite therapy at the baseline colonoscopy, and
had been refractory to at least one of the following drug regimens:
mesalamine > 6 weeks, steroids >14 days, thiopurines >12 weeks,
or biologics >12 weeks, and signed informed consent. Patients were
excluded if: they had started a new biologic in the previous 12
weeks, had Clostridiodes difficile or any stool infection, had extra-
intestinal manifestations, had an episode of acute severe colitis in
the previous 3 months, were on calcineurin inhibitors, were preg-
nant, or had a Mayo endoscopic score 0-1 at the baseline colonos-
copy. Patients were also excluded who had previously received an
FT or the UCED, or had suffered from autoimmune disorders, renal
failure, fever > 38°C or current infection, or neoplasia, or who had
a colectomy.

2.3. Endpoints

The primary endpoint was intention to treat clinical remission deter-
mined by SCCAI score <3 at Week 8 between Group 1 and Group 2.
Secondary endpoints were SCCAI and improvement in the SCCAI
score at Weeks 8 and 12 for each of the groups, endoscopic remission
score at Week 8 for each of the groups, and change in calprotectin
at Week 8, as well as the need for additional therapy by Week 12 for
all groups. Clinical response was defined as a decrease in SCCAI >3.
Endoscopic remission was defined as Mayo score 0-1 after therapy,
mucosal healing as Mayo score 0. Patients who failed to achieve re-
mission by Week 8 or required additional therapy were considered
as treatment failures on an intention to treat basis.



Faecal Transplantation with a Novel UC Diet

371

Study design CRAFT

| GROUP 1: FT (day 0, 2, 14) + Free diet |

FT single donor without
conditioning diet

Screening | —,| Randomization

| GROUP 2: FT (day 0, 2, 14) + UCED |

Donor bank

Conditioning single donor FT +
UCED phase 1

UCED phase 2

GROUP 3: UCED

T UCED phase 1 UCED phase 2
Donor conditioning ;
diet 14 days - Group 2 :
Wk 0 Wk 2 Wk 6 Wk 8 Wk 12
| | | 1 1 1
! . ' ' | | |
fScreenln%C FT (group 1&2) Enema Dietitian visit Mayo SCCAI
retractory +enema day 2 SCCAI Adherence endoscopic
patients Mayo Stool sample score
endoscopic Adherence SCCAI
score Stool sample
SCCAI

Stool sample
Diettitian visit
(groups 2&3)

Figure 1. Trial design.

2.4. Study visits

Patients were seen at screening and randomised before colonoscopy.
They were seen at a baseline visit Week 0 and at Weeks 2, 8, 12.
Patients met with a coordinator/dietitian after colonoscopy, patients
in Group 1 did not receive any dietary instruction, and Group 2
and Group 3 received detailed instructions regarding the UCED to
be used over 12 weeks. A telephone conversation to assess SCCAI
was made at Week 1 and Week 7. At each visit, adverse events and
medications were recorded and SCCALI, physician global assessment
[PGA], a complete blood count, C-reactive protein [CRP], albumin,
and complete chemistry panel were performed. All patients without
change in therapy had a repeat sigmoidoscopy performed at Week 8
with Mayo scoring of the most inflamed segment. A modified MARS
(medication adherence rating scale) diet adherence questionnaire’
was completed on Weeks 2 and 8. High diet adherence was defined
by finding high adherence on the questionnaire and by dietitian’s
assessment based on direct questioning of compliance over the pre-
vious period. Poor compliance was defined by having low compli-
ance in either assessment at any time point.

2.5. Donors

In order to evaluate the added benefit of the donor diet and to avoid
bias by donor selection, the same pool of donors was used for Group 1
and Group 2. After a detailed screening process [Supplementary
Figure 1, available as Supplementary data at ECCO-JCC online] for
the donors and after consent was obtained, the donors were asked
to provide at least four stool samples during the first week prior
to the diet [pre-conditioned samples], and then consumed an espe-
cially designed donor diet for 2 weeks, after which they provided at
least another four stool samples [post-conditioning]. Thus, patients
in Group 1 received FTs from the baseline samples before the diet,
and those in Group 2 received FTs from donors after the 2-week diet
[Table 2; see 3.3.]. All samples from donors were placed in a sterile

container with an anaerobic generator bag [Anaerogen P, Oxoid,
Basingstoke, UK] brought fresh to the central institution where the
samples were prepared immediately as faecal effluents, frozen, and
stored at -80°C at each site. All donor samples came from one of two
central donor stool sites: in Israel at the Tel Aviv Medical Center and
in Italy at the Gemelli Hospital in Rome. This ensured homogeneous
screening and sample storage. Briefly, fresh donor stool [100 g] was
immediately homogenised with 260 ml of 0.9% normal saline, using
a household hand blender with minimal exposure to air throughout
the process + 40ml glycerol [glycerol 1:10 of final volume]. The
blend was filtered through thin gauze twice. The resulting liquid was
divided into 50-ml tubes, that were immediately frozen [-80°C] and
thawed before using at 37°C.

2.6. Dietary intervention

Patients in Group 2 [FT + diet] and Group 3 [diet alone] received
detailed instructions for the UCED by a dietitian, with a uniform
handout according to each stage. The UCED diet was designed to
alter dietary components that may adversely affect goblet cells,
mucus permeability, and microbiome composition, which were pre-
viously linked to UC. The following principles guiding food exclu-
sion and addition included: decreased exposure to sulphated amino
acids, total protein, haeme, animal fat, saturated fat, and food addi-
tives, and increased exposure to tryptophan and natural sources of
pectin and resistant starch [Supplementary Figure 2, available as
Supplementary data at ECCO-JCC online].%*** The UCED com-
prises foods that are mandatory, such as certain fruits and veget-
ables, prescribed amounts of chicken, eggs, and yoghurt, others that
are allowed with quantitative restriction, foods that can be con-
sumed without limitation, and disallowed foods; it is rich in fruits
and vegetables. A sample meal plan appears in Supplementary Table
1, available as Supplementary data at ECCO-JCC online. It has
two stages, Weeks 0-6, and Weeks 7-12: the latter stage is more
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permissive. The donor diet instructions appear in Supplementary
Table 2, available as Supplementary data at ECCO-JCC online.

2.7. Faecal transplantation recipients [Groups 1

and 2]

Patients were prepared for the FT with bowel lavage [2-3 L
macrogol solution and clear fluids] the evening or morning before
treatment. On the day of FT [Day 0], while fasting, they received
a dose of loperamide and a single faecal transplantation by colon-
oscopy of 200 ml of faecal effluent. During the colonoscopy the ef-
fluent was infused as proximally as possible, with the full 200 ml
introduced into the right side [caecum and ascending colon]. On
Days 2 and 14, patients underwent an enema of 100 ml effluent.
Patients were instructed to hold the effluent for least 15 min after
the procedure. We did not use antibiotics before FT as, at the time
this trial was designed [February 2016], there was no consensus re-
garding the need of using antibiotics before FT. There were two ran-
domised controlled trials [RCTs] published during the time that this
trial was conceived'®!'" and both did not use antibiotics. Six h after
the first transplantation, patients in Group 2 started the UCED diet.
Patients in Group 1 or 2, who achieved remission but lost response
between Weeks 2 and 8, could receive up to two rescue enemas
during the 8 weeks of the study from their original donor, using the
same type of sample [Group 1 no pre-conditioned sample, Group 2
pre-conditioned sample]. Patients who did not achieve remission or
required additional therapy were considered failures in the intention
to treat analysis.

2.8. Adverse events

All adverse events, serious adverse events, or worsening of disease
were recorded. Due to safety concerns, whether from futility as pre-
viously shown in some studies or from FT-induced adverse events,
an interim safety analysis took place after the first 34 FT patients,
by an independent data safety monitoring board (DSMB) from
non- participating institutions. A repeat DSMB meeting after further
queries was held in December 2020 after queries were obtained from
the Italian cohort, which had been delayed due to SARS COV-2.

2.9. Randomisation and blinding

Randomisation was started 1:1:1 for the first 60 patients until the
first 20 patients in Group 3 were enrolled, and then was to continue
as a two-arm study with Group 1 and Group 2 alone randomised 1:1
to complete at least 76 patients in the FT arms [effectively 2:2:1 by
the end of the study]; the dietary arm was to have fewer patients [as
this arm was designed to evaluate the independent role of diet on re-
cipients’ clinical state and their microbiome] in blocks of 6, provided
by opaque randomisation envelopes handed to the patient during
enrolment after consent. In order to ensure physician blinding, a co-
ordinator in each institution set up the study visits, met with the
dietitians and patients, and ensured that patients received the ap-
propriate donor sample and diet according their allocated group
without the physicians’ knowledge.

2.10. Power analysis

Previous studies have shown roughly a 25-30% remission rate using
multiple time point enemas over several weeks, while we assumed
that less frequent time pointsfor FT in Group 1 would lead to lower
remission rates [20% or less] from FT. We previously found that
diet induced remission in 40% of patients in a pilot trial. We esti-
mated that the study arm which combined diet and FT would lead

to remission by 8 weeks in over 50% of patients. Assuming 50%
remission in the experimental group [Group 2] and 20% in the con-
trol group [Group 1], 76 patients receiving FT were required to have
an 80% chance of detecting, as significant at the 5% level, an in-
crease in the primary outcome measure from 20% in the control
group to 50% in the experimental group. In addition, we enrolled
20 patients into the diet arm through randomisation as a control
arm, in order to prevent selection bias and to enable us to estimate
the independent effect of diet on remission, and thereby try to assess
the impact of donor conditioning and FT as independent variables.

2.11. Statistical analysis

Continuous variables were evaluated for distribution normality and
reported as median [interquartile range, IQR] or mean [standard de-
viation, SD] as appropriate. Group differences in continuous vari-
ables were assessed by the Krushal-Wallis non-parametric one-way
analysis of variamce [ANOVA] test, using Bonferroni correction after
the normality of distribution was rejected. Associations between
nominal variables were performed with the Pearson chi square test
or Fisher’s exact test. The primary endpoint of the proportion of pa-
tients in remission at Week 8 was analysed by the Pearson chi square
test or Fisher’s exact test to the intention-to-treat [ITT] paradigm.
Pairwise comparison of SCCAI at Week 0 versus Week 8 was ana-
lysed by the Wilcoxon signed rank test and was performed only in
subjects with parameters at both time points. All statistical analyses
were performed using the SPSS version 27 statistical analysis soft-
ware [IBM, USA]; p-values <0.05 were considered to be significant.

2.12. Donor microbiome analysis

Metagenomic DNA was purified using DNeasy PowerMag Soil
DNA extraction kit [Qiagen| optimised for Tecan automated plat-
form. Next-generation sequencing [NGS] libraries were prepared
using Nextera DNA library prep [Illumina] and sequenced on a
NovaSeq sequencing platform [[llumina]. Sequencing was performed
with 75-bp single-end reads with the depth of 10 million reads per
sample. We filtered metagenomic reads containing Illumina adapters,
filtered low-quality reads, and trimmed low-quality read edges. We
detected host DNA by mapping with Bowtie to the human genome
with inclusive parameters, and removed those reads. Bacterial rela-
tive abundance [RA] estimation was performed by mapping bacterial
reads to species-level genome bins [SGB] representative genomes.*
We selected all SGB representatives with at least 5 genomes in a
group, and for these representatives’ genomes kept only unique re-
gions as a reference dataset. Mapping was performed using Bowtie,*
and abundance was estimated by calculating the mean coverage of
unique genomic regions across the 50% most densely covered areas,
as previously described.?® Featured names include the lowest tax-
onomy level identified.

2.13. Ethical consideration

The CRAFT study [NCT 02734589] was approved by the ethics
committee in all the hospitals where it was conducted: Wolfson,
Tel Aviv Sourasky, and Haemek Medical Centers in Israel and in
A. Gemelli IRCCS in Italy.

3. Results
3.1. Study population

We enrolled eight donors [six from Israel, two from Rome] and 62
patients: 22/62 [35.4%] from Italy and 40 [64.6 %] from Israel, from
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May 2017 until December 2020. Eleven patients were excluded after
randomisation due to lack of active inflammation during colonos-
copy, withdrawal before receiving any treatment, or violation of ex-
clusion criteria. The flow of patients is depicted in Figure 2.

Approximately 55% of patients [28/51] were failing a biologic or
corticosteroid at enrolment. Over 50% of patients had failed at least
one biologic before enrolment [Table 1]. An independent DSMB re-
viewed queried data on December 2020, and recommended suspen-
sion of the trial due to futility after 53% of the intended patients had
been enrolled.

3.2. Response and remission

Response and remission by group at Week 8 are portrayed in Figure 3.
Intention to treat response and remission rates were 35.3% and
11.8% for Group 1,42.1% and 21.1% for Group 2, and 60% and
40% for Group 3, respectively [NS], using a less rigorous cut-off
for remission as SCCAI <5 did not change the outcome [23.5%,
26.3%,40% for Groups 1, 2, 3, respectively]. Endoscopic remission
at Week 8 was highest for patients in Group 3 [Figure 3], of whom
4/15 [26.6% ) achieved endoscopic remission, and lowest in Group 1
[2/17, 11.7%], p = 0.38. Mayo endoscopic score of 0 was achieved
only in patients in Group 3 [3/15, 20%] and in 0/36 patients re-
ceiving FT, p = 0.022.

The median SCCAI declined from 7 [IQR 6-9] to 6 [IQR 3.25-
9] in Group 1 [p = 0.14], from 8 [IQR 6-10] to 6 [IQR 1.25-10]
in Group 2 [p =0.08], and from 6 [IQR 5-8] to 2 [IQR 0-6] in
Group 3 [p=0.02]. However, a significant proportion of pa-
tients also worsened after FT by Week 8 compared with baseline.
Comparison of remission vs worsening for each group is portrayed
in Figure 4.

At Week 12, 9/12 [75%] patients in remission had sustained
good response [SCCAI <51, [Group 1 7z =1, Group 2 n = 3, Group 3
n = 5]. One patient from Group 3 was not classified as remission
due to arthritis, though there was no longer bleeding nor increased
stool frequency. Sustained remission at Week 12 was present in
7/12 [58%] of patients who obtained clinical remission at Week 8
[SCCAI <3] [all from Group 2 or Group 3], without any additional
therapy [Group 2 7 =3, Group 3 n = 4]. Two patients were lost to
follow-up and one relapsed between Weeks 8 to 12. ITT sustained
remission for Group 1, Group 2, Group 3 was 0/17 [0%], 3/19
[15.7%], and 4/15 [26.7%], respectively, by SCCAI remission, and
5/15 [33%] in Group 3 based on luminal remission [no bleeding or
diarrhoea]. One patient in Group 1 had received a rescue enema at
Week 8 after losing response between Weeks 2 to 8. Despite an im-
provement in condition, the patient did not enter clinical remission
at Week 12.

Assessed for eligibility (n = 65)

Failed screening (n = 3)

Not meeting inclusion criteria

Randomized (n = 62)

- p{ Mayo endoscopic score <2 (n = 6)

Excluded (n = 11)

Withdrew before treatment (n = 2)
SCCAI >11 before treatment started (n = 2)
Did not undergo colonoscopy (n = 1)

.

4

.

Assigned to group 1 - FT therapy

Assigned to group 2 — FT + Diet
therapy (n = 19)

(I‘l = 17)

Assigned to group 3 — Diet therapy
(n=15)

Withdrew until week 8 (n = 3)
Treatment failure (n = 3)
Non compliance (n = 2)

Withdrew until week 8 (n = 7)
Treatment failure (n = )

Lost to follow-up (n = 1)

Non compliance (n = 1)

Withdrew until week 8 (n = 6)
Treatment failure (n = 2)

Lost to follow-up (n = 2)

Non compliance (n = 2)

!

!

I

Completed week 8 (n = 12)
Treatment failure (n = 10)
Clinical remission (n = 2)

Completed week 8 (n = 12)
Treatment failure (n = 8)
Clinical remission (n = 4)

Completed week 8 (n =9)
Treatment failure (n = 3)
Clinical remission (n = 6)

Figure 2. Participant flow diagram.
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Table 1. Characteristics of the study patients at baseline.

Group 2: FT + UCED [n = 19] Group 3: UCED [z = 15]

Characteristic Total [ = 51] Group 1: FT [n = 17]
Female gender, 72 [%] 14 [27.5] 51[29.4]
Age [years], mean [SD] 40.4 [12.5] 43.1[14.7]
Disease duration [years], 7.9 [3.2-13.4] 7.1 [3.3-18.0]
median [IQR]
CRP, mg/dL, median [IQR] 0.7 [0.2-1.6] 0.8 [0.2-1.7]
SCCAI
Median [IQR] 7 [5-12] 7 [6-9]
Range 5-11 S5-11
Disease location
Extensive 18 [35.3] 5(29.4]
Left-sided 23 [45.1] 6[35.3]
Proctitis 10 [19.6] 6[35.3]
Mayo endoscopic score, 2 [2-3] 2 [2-3]

median [IQR]

BMI, median [IQR] 23.2[20.3-26.0]

Albumin, g/L, mean [SD] 41.3 [3.7] 40.4 [3.2]
Current or last treatment enrolment, 7 [ %]
5-ASA [oral or oral and 38 [74.5] 11 [64.7]
topical]
Steroids 15 [29.4] 7 [41.2]
Biologics 13 [25.5] 5[29.4]
None 8 [15.7] 3[17.6]
Immunomodulators 11[2] -
Antibiotic 112] 1[5.9]
Refractory to biologic 28 [54.9] 12 [70.6]

treatment, 7 [ %]

22[20.7-28.3]

5[26.3] 4[26.7]
43.5 [10.5] 33.3[9.8]
11.2 [4.7-16.9] 7.9 [1.9-9.4]

0.9 [0.3-1.8] 0.4 [0-1.1]
8 [6-10] 6 [5-8]

5-11 5-11

9 [47.4] 4[26.7]

7 [36.8] 10 [66.7]

3[15.8] 1[6.7]

2 [2-3] 2 [2-3]
23.8 [21-26] 22.4[18.8-25.9]
41.6 [4.2] 42.1[3.1]

14 [73.7] 13 [86.7]
5[26.3] 3 [20]
5[26.3] 3 120]
3[15.8] 2[13.3]

- 1[6.7]

11 [57.9] 5(33.3]

FT, faecal transplanation; UCED, ulcerative colitis exclusion diet; SD, standard deviation; IQR, interquartile range; CRP, C-reactive protein; SCCAI, Simple

Clinical Colitis Activity Index; BMI, body mass index; 5-ASA, 5-aminosalicylic acid.

All p > .05 except where indicated.
= 0.03

3.3. Disease severity and response

There appeared to be a correlation between disease severity and out-
comes, as remission was obtained in 0/17 patients with an SCCAI >9
at enrolment compared with 12/34 [35.3%] patients with SCCAI <9,
p = 0.004. Focusing just upon this milder subset of patients with
SCCAI <9, remission was obtained in 6/12 [50%] with diet alone
versus 6/22 [27.3%] in both FT groups, p = 0.25. Though not signifi-
cant, doubling of remission rates with diet vs FT suggests that diet is
as good or better than FT even for this segment. Patients failing bio-
logic treatment were also less likely to achieve remission [p < 0.001],
as only 1/28 biologic-refractory patients [Group 2] achieved clinical
remission with the assigned intervention.

3.4. Donors and outcomes

The association between donor and patient outcomes is presented
in Table 2. Response depended more upon the donor than upon
dietary conditioning which did not have any effect on outcomes.
One donor appeared to account for half of the success rate [donor
C], used in only five FTs. We also examined the shift in micro-
biota after the donors’ diet among 7/8 donors, using shotgun
metagenomics. We could not analyse the sample from donor H due
to Covid-19 precautions. We did not detect any post-diet micro-
bial shift, including in alpha diversity [Supplementary Figure 3a,
available as Supplementary data at ECCO-JCC online], Firmicutes
to Bacteroides ratio, or composition [not shown]. Richness de-
clined in 5/7 donors examined [Supplementary Figure 3b]. This
supports the notion that the donor diet did not have an impact
upon outcomes.

3.5. Adverse events and compliance:

Adverse events are portrayed in Table 3: there were no serious ad-
verse events associated with diet or FT. Adherence to the diet by
the donors was available for 8/8 [100%] donors, all eight demon-
strated high compliance. Adherence to the diet by patients was avail-
able for 15/19 [78.9%] in Group 2, of whom 80% [12/15] had high
compliance at Week 2. Among 12 patients who reached Week 8 in
this group, 9/12 [75%] had high compliance. In Group 3, data were
available for 14/15 [93.3%] patients and all 14 [100%] had high
compliance after 2 weeks. By Week 8, data regarding compliance
were available for eight among nine patients who reached Week 8:
all eight [100%] were highly compliant. Using non-compliance im-
puted for all missing data or withdrawals, 26/34 [76.4%] and 17/34
[50%] patients treated with diet were highly compliant at Week 2
and at Week 8, respectively, in an intention to treat analysis.

4. Discussion

Current therapy for 5-ASA unresponsive or severe patients with UC
is based on immune suppression. The ability to target the microbiome
by FT or diet would allow therapy based on modulation of the
microbiome instead of immune suppression. In the current study,
FT was largely unsuccessful in generating clinical remission in our
patient population, which consisted of patients failing existing medi-
cations. Steroid-free clinical remission was achieved in 20% or less
of patients in the two FT arms, whereas an equivalent proportion
of patients in either arm became worse. Among patients receiving
FT [Group 1 and Group 2], only patients in Group 2, receiving
diet, demonstrated a non- significant trend in reduction of SCCAI
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Figure 3. Clinical response, clinical remission, and endoscopic remission at Week 8 by intention to treat.
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Figure 4. Remission versus deterioration at Week 8 by group [intention to treat].

at Week 8 compared with baseline [p = 0.08]. However, remission
data were less optimistic, as FT [Group 1] obtained remission in
only 11% of patients, whereas Group 2 obtained clinical remission
in 21% of cases, both lower than the expected remission rates.!*!3
Endoscopic remission at Week 8 did not differ between Group 1 and
Group 2, occurring only in 12% and 16 %, respectively,

It is perplexing to note that the very same diet, that appeared to
be successful for inducing clinical remission and mucosal healing in

Group 3

P=0.6
( |
P=1.0 P=0.35
( 1 |
21.1%
17.7%
Group 1 Group 2 Group 3

Worsening of disease

Group 3, did not appear to have this effect when combined with FT
in Group 2.

We can only speculate that diet alone may have succeeded better
than FT with diet, because FT during inflammation may have ac-
tually destabilised the microbiome further in patients who flared
or did not respond to FT. A second possibility is that patients in
Group 2 might have had more severe disease even if this was not
significant, as SCCAI at baseline was highest for Group 2. More
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Table 2. Donors and outcomes by group.

Donor Total remission Group 1 pre-diet remission Group 2 post-diet remission Donor diet compliance
A [Israel] 0/6 0/3 0/3 High

B [Italy] 0/10 0/5 0/5 High

C [Italy] 3/5 12 2/3 High

D [Israel] 0/5 0/3 0/2 High

E [Israel] 1/3 0/1 12 High

F [Israel] 0/4 0/2 0/2 High

G [Israel] 1/2 - 12 High

H [Israel] 1/1 11 - High

Total 6/36 [16.6%] 2/17 [11.8%] 4/19 [21%)] High [100%)]

Table 3. Adverse events.

Total [ = 51] FMT [n=17] FMT + UCED [z = 19] UCED [n =15]
Disease exacerbation 8 [15.7] 31[17.6] 4121.0] 1[6.7]
Fever 47.8] 2 [11.8] 11[5.3] 11[6.7]
Abdominal pain 3[5.9] 1[5.9] 2 [10.5] 0
Diarrhoea 2[3.9] 0 2 [10.5] 0
Chills 2[3.9] 0 2[10.5] 0
Weakness 2 [3.9] 2 [11.8] 0 0
Lack of appetite 2 [3.9] 1[5.9] 0 11[6.7]
Flatulence 11[2.0] 0 11[5.3] 0
Upper respiratory 11[2.0] 0 11[5.3] 0
Nausea 11[2.0] 0 0 11[6.7]
Parageusia 1[2.0] 11[5.9] 0 0
Elevated ALT 1[2.0] 1[5.9] 0 0
Malignancy/death 0 0 0 0

Data are presented as n or n [%] as numbers of individual events and not number of patients; some may have had more than one event.

FMT, faecal microbiome transfer; UCED, ulcerative colitis exclusion diet; ALT, alanine amino-transferase.

severe inflammation could impair the utilisation of beneficial me-
tabolites such as SCFAs. Ferrer-Pincon et al. have demonstrated that
in the presence of tumour necrosis factor [TNF]+, metabolism and
transcription of SLC16A1, ABCG2, and GPR43 decreased and re-
sulted in reduced butyrate consumption by epithelial cells.?” Though
FT failed to provide the anticipated outcomes when combined with
diet as we hypothesised, we cannot extrapolate this finding to high-
intensity multi-donor FTs. We chose single donor FT in order to be
able to rigorously identify if it was the donor or the UCED that led
to benefit, and as such the results might have been better had we
been able to find a better donor or pooled donor samples.

If the results of FT were a disappointment in this trial, the effect
of the diet was the unexpected silver lining. The UCED appeared to
be quite effective in some of our patients, as 40% of patients failing
medical therapy entered clinical remission and only one patient had
worsening of disease after starting the diet. There was a significant
decline in SCCAI [p = 0.02], and the endoscopic remission data were
better with diet than with FT or FT with diet. Among non-severe pa-
tients with SCCAI 5-9, remission was obtained in 6/12 [50%] with
diet alone versus 6/22 [27.3%] with both FT groups, though this was
not significant given the small size of the cohort at the time the study
was stopped. Complete mucosal healing [Mayo score 0] was signifi-
cantly better and occurred only in patients from Group 3. There is a
paucity of data regarding the successful use of diet as a prospective
intervention in UC and to achieve mucosal healing. A recent study
demonstrated that the addition of one week of exclusive enteral nu-
trition to intravenous steroids during acute severe colitis decreased
steroid failure and improved 6-month composite outcomes.?® A case

report in acute severe colitis setting, FT combining with diet, also
demonstrated clinical and endoscopic improvement.?

The unsatisfactory outcomes with both FT arms coupled with
better outcomes with diet led to our DSMB’s recommendation to
stop the trial for futility.

Though the UCED provided to patients seems to show promise
as an independent therapy that requires further study, the donor diet
failed to have any detectable clinical or microbiological impact. One
of the strengths of the study is that we used the same single donor
with or without a donor diet to decrease heterogeneity induced by
multiple donors; however, there was no discernable increase in suc-
cess for FT with post-diet samples compared with pre-diet samples.
We could not demonstrate any significant change in composition or
diversity when comparing the stool sample from each donor before
and after diet. This could be due to the short duration of the diet
which might be insufficient to alter the microbiome in healthy indi-
viduals, as it did not appear to be related to compliance with the diet
among the donors. We elected to use a 2-week diet, as we felt that
normal healthy volunteers would be unlikely to keep a restrictive
diet beyond 2 weeks, and obtaining donors is a difficult task with the
high screening failure rate we and others have observed.* In fact, the
success rate for donors was dependent more upon the donor than
the donor diet. One donor [donor C, from Italy] achieved 3/5 [60%]
successful FTs leading to clinical remission, whereas no other donor
was associated with more than one successful FT. This finding of a
single successful donor is similar to the outcome in other trials.'
Due to SARS COV-2 circumstances, we could not analyse the pooled
microbiome of patients at the time of writing this article.
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There are a few strengths but many limitations to our study and
interpretation. We employed a rigorous protocol that enrolled only
inflamed patients with Mayo 2-3 inflammation, of whom 50% had
failed at least one biologic therapy and 55% were failing steroids
or a biologic at enrolment: this ensured rigor but might have been
a high bar for any therapy and more rigorous entry criteria than
some previous trials. The most significant limitation is the premature
closure of the study and subsequent small sample size, but this was
an important ethical consideration, as it was unlikely that we could
have proven benefit for the primary endpoint with the remaining
patients, and worsening of disease was as common as benefit in the
FT arms. We suggest that one of the most important take-home mes-
sages from this trial is that diet may have an under-appreciated role
in the treatment of UC and that further studies are required. The
UECD is currently being investigated in a randomised controlled
trial. Finally, portraying worsening of disease along with response
rates with therapy might help clinicians to better interpret data from
clinical trials with FT.
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