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Abstract

Background Fecal microbiota transplantation (FMT) has been shown to restore gut microbiome composition with an accept-
able safety profile. FMT in inflammatory bowel disease, specifically ulcerative colitis (UC), has been investigated. We aimed
to assess the efficacy of FMT in inducing UC remission.

Methods PubMed, Scopus, Google Scholar, and clinicaltrials.gov were searched for randomized control trials that assessed
FMT in inducing UC remission. The primary outcome was combined clinical and endoscopic remission. Secondary outcomes
were clinical remission, endoscopic remission, post-treatment overall adverse events, and colitis. Sensitivity analyses, meta-
regression, bias assessment, and grading of certainty of evidence were performed.

Results A total of 14 studies including 600 patients (55.8% male; median age 40.7 years) were assessed. FMT was used in
299 patients and associated with significantly higher odds of combined clinical and endoscopic remission (OR 2.25, 95% CI
1.54, 3.3; p<0.0001), clinical remission (OR 2.02, 95% CI 1.4, 2.93; p=0.0002), and endoscopic remission (OR 1.95, 95%
CI 1.17,3.28; p=0.011). The odds of post-treatment overall adverse events (OR 1.24, 95% C1 0.79, 1.95; p =0.34) and colitis
(OR 0.85,95% CI 0.52, 1.93; p=0.512) were similar between groups. Compared with baseline, FMT was more effective
when biologics (OR 2.71), steroids (OR 2.27), or methotrexate (OR 3.07) were used as pre-FMT treatment. Oral delivery
of FMT (OR 3.15) and pooled donors (OR 3.32) led to higher odds of remission. On meta-regression, pooled donors and
methotrexate pre-treatment were associated with an increased likelihood of remission.

Conclusions FMT is promising in inducing UC remission. Administration of medical treatments before FMT may help
achieve higher remission rates. Current evidence shows that oral delivery of FMT and multidonor FMT may confer better
results.
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Introduction[Update Editor corrections
from'10151_2025_3113_Rodrigo Fecal
Microbiota Tx UC']

Gut microbiota have an important role in the immune sys-
tem’s development and function. Previous studies have
documented a significant alteration of the microbiota
composition in patients with inflammatory bowel disease
(IBD) [1, 2]. A decrease in butyrate-producing bacteria
with an antiinflammatory effect has been shown in patients
with IBD [2, 3]. The microbiota composition in patients
with IBD may differ during active disease, relapse, and
remission phases, which supports that alteration of gut
microbiota may contribute to IBD pathogenesis. [1]

The application of fecal microbiota transplantation
(FMT) is presumed to rapidly restore the normal compo-
sition of the intestinal microbiota. The suggested mecha-
nisms of FMT include altering microbiota dysbiosis,
reducing the intestinal permeability, and increasing the
production of short-chain fatty acids, which are essential
for intestinal wall function [2]. The role of FMT in treat-
ing recurrent clostridioides difficile infection (CDI) is
well established [2, 4]. Considering its positive results in
patients with recurrence CDI, its relative safety, and the
evolving evidence linking gut microbiota to many other
medical conditions, the use of FMT in treating other gas-
trointestinal and non-gastrointestinal medical conditions
is currently being investigated [4].

Although FMT has been a therapeutic strategy for IBD,
especially ulcerative colitis (UC), its efficacy remains
unclear. Certain factors may affect the efficacy of FMT,
such as the donor criteria, admission route, number of
FMT sessions needed, and concurrent use of steroids,
biologic, or other antiinflammatory agents. In this meta-
analysis we assessed randomized control trials (RCTs)
that compared FMT with placebo or standard treatment
for patients with UC. The hypothesis of the study is that
FMT may confer better remission of UC with comparable
side effects to standard medical therapy, and that improve-
ment in symptoms may vary on the basis of patient- and
treatment-related factors. The primary aim of this meta-
analysis was to assess the efficacy of FMT in patients with
UC, stratified by confounding factors such as disease dura-
tion, preoperative treatments, sources of FMT, and mode
of delivery of FMT.
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Methods
Registration and reporting

The protocol of this systematic review was prospectively
registered in the International Prospective Register of
Systematic Reviews (PROSPERO) under the registration
number CRD42023478988. The systematic review was
reported consistent with the registered protocol with no
significant deviations. Reporting of the current review
followed the screening guidelines established by the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA 2020) [5].

Search strategy

Two authors (R.G. and S.E.) performed an independent sys-
tematic search of the literature for randomized clinical trials
(RCTs) that assessed remission of UC after the addition of
FMT alone. All evaluated studies must have included a con-
trol group of patients who did not receive FMT. The recov-
ered articles were cross-checked between the two reviewers
and any disagreements about article selection were resolved
by mutual agreement and consensus between the authors. A
third author (J.D.) reviewed the agreed-upon list of articles,
and a final list of eligible articles was created.

Electronic databases including PubMed and Scopus
were searched from their inception through November
2023 without any language restrictions. A parallel search
of Google Scholar and the clinical trials registry was con-
ducted. Studies other than randomized clinical trials were
excluded. The databases were searched using Medical
Subject Headings (MeSH) or the equivalent, title/author
key words, truncation, and Boolean operators. Strategies
included the terms (fecal microbiota OR FMT OR fecal
transplant OR bacteriotherapy) AND (ulcerative colitis
OR UC) AND (outcome OR efficacy OR remission OR
safety OR complications).

Assessment of bias

Three authors (P.R., P.A., A.K.) assessed the risk of
bias in the studies independently using the risk of bias-2
tool (ROB 2) [6]. Any conflicts of the assessments were
reviewed and resolved by another author (J.D.). The cer-
tainty of evidence was graded with the GRADE approach
as very low, low, moderate, or high [7]. The publication
bias in the main outcomes was assessed using the fun-
nel plot method where symmetry of the funnel indicated
absence of significant publication bias.
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Data extraction and study outcomes

Two investigators (J.D. and R.G.) extracted the following
information from each study:

1. Author, title, journal of publication, publication year,
study design, and country of study

2. Number of patients in each group, age, body mass index
(BMI), diagnosis, and sex

3. Disease duration in each arm

4. Allowance for medical therapy, including biologics, ster-
oids, 5-aminosalicylic acid (5-ASA), and methotrexate,
before FMT and the details of the primary treatment

5. The primary outcome related to efficacy was the com-
bined clinical and endoscopic remission

6. Secondary outcomes related to efficacy were endoscopic
remission alone, clinical remission alone, and change
in the Mayo score. The secondary outcomes related to
safety were post-treatment worsening colitis (clinical
diagnosis) and total adverse events.

Data synthesis

A meta-analysis and meta-regression were conducted using
EZR (Easy R) [8] version 1.61 and the open-source, cross-
platform software for advanced meta-analysis openMeta
[Analyst]™ version 12.11.14. A pairwise meta-analysis was
conducted to assess the difference in categorical variables
including combined remission, clinical remission, and endo-
scopic remission, and rate of post-treatment colitis expressed
as odds ratios (OR) with their respective 95% confidence
intervals (CI). Statistical heterogeneity was assessed using
the inconsistency () statistics (low if I? < 25%, moderate if
P=25-75%, and high if P>75%). A common effect meta-
analysis was used if the /> was low or moderate and p-value
of heterogeneity > 0.05, and a random-effect analysis was
used if /7 was high. Sensitivity analyses and leave-one-out
analysis were performed. p-Values < 0.05 were considered
significant. Additionally, meta-regression analyses were per-
formed to determine factors significantly (p < 0.10) asso-
ciated with combined clinical and endoscopic remission
expressed as the slope coefficient (SE).

Results
Description of studies and patients

After screening 573 studies, 14 studies were included in
the analysis, all published between 2015 and 2023 (Fig. 1,
Table 1); 5 were conducted in Europe, 3 in Australia, another
3 in North America, 2 in Asia, and 1 in Israel. The studies
included 600 patients (55.8% male) with a median age of 40.7

(range, 33.8-48) years. Two studies [9, 10] included patients
in clinical remission, one [11] allowed patients with Mayo
scoresranging from 4-12, two studies [12, 13] simply included
active disease, and all other studies included only patients with
Mayo scores 3—10. The median duration of UC across all stud-
ies was 6 years. The control group was placebo in 10 studies
and “standard therapy” in four [11, 14-16]. Delivery of the
microbiota was through an oral route in 3 studies [17-19] and
transanally in 11 studies. The source of FMT was from pooled
donors in seven studies [12, 17-22] and from a single donor
in seven studies [9-11, 13-16]. A search of the clinical trial
registry revealed 18 active or recruiting trials on FMT for UC
(Supplementary Table 1).

FMT was used in 299 patients whereas 301 patients were
in the control arms of the studies. The groups were similar in
terms of age, sex distribution, and patients with long-standing
disease (>5 years). The “standard therapy” used in the trials
was variable and included dietary intervention, mesalazine or
steroid following mesalazine, and 5-ASA medications only.

Efficacy outcomes

Compared with controls, FMT was associated with signifi-
cantly higher odds of combined clinical and endoscopic
remission (OR 2.25,95% CI 1.54, 3.3; p <0.0001, I*=24%)
(Fig. 2), clinical remission (OR 2.02, 95% CI 1.4, 2.93;
p=0.0002, 12=34%) (Fig. 2), and endoscopic remission
(OR 1.95,95% CI 1.17, 3.28; p=0.011, I?=25%) (Fig. 2).
The Mayo score was reported by three studies [18, 20, 21],
which reported decreased Mayo scores in the FMT group
and increased scores in the control group. The median
decrease of score in the FMT group was —1.2 (range O to
—3.4) and the median increase of score in the control group
was 0.25 (range 0 to —3.5).

Safety outcomes

The most common adverse event was gastrointestinal upset,
including bloating, diarrhea, and abdominal pain; however,
all these events were resolved conservatively. There were
limited reports of serious adverse events. The odds of post-
treatment colitis were similar between the FMT and control
groups (OR 0.85, 95% CI 0.52, 1.93; p=0.512, *=0%).
Both groups had similar odds of adverse events (OR 1.24,
95% C10.79, 1.95; p=0.34, >=1%) (Fig. 3).

Sensitivity analysis
Control group
When the control group included the use of a placebo

agent, FMT was also associated with higher odds of com-
bined clinical and endoscopic remission (OR 2.82, 95% CI
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Identification of new studies via databases and registers

Records removed before screening:

c
% Records identified from: Duplicate records (n = 0)
2 Databases (n = 573) —» Records marked as ineligible by automation
E Registers (n = 0) tools (n = 0)
ﬁ Records removed for other reasons (n = 0)
Records screened Records excluded
(n=573) (n =538)
Reports sought for retrieval Reports not retrieved

(n=39) (n=0)
(@]
=
C
(0}
o
O
N Reports excluded:

Irrelevant study (n = 12)
Reports assessed for eligibility No nhé?]t-lgp/l'? S;—n(t?oT (‘?: 1)
(n = 395) Different intervention studied (n = 2)
Microbiome evaluation only (n = 2)
Inadequate detail in manuscript (n = 1)
A 4

= New studies included in review
a (n=14)
2 Reports of new included studies
£ (n=0)

Fig. 1 PRISMA Search Flowchart for Study Selection

1.804.43; p<0.001, P= 0%), clinical remission (OR 2.55,
95% CI 1.44, 4.51; p=0.001, P= 33%), and endoscopic
remission (OR 2.94,95% CI 1.59, 5.43; p<0.001, = 0%)
with no difference in the odds of colitis between the two
groups (OR 0.78, 95% CI1 0.44, 1.37; p=0.388, I’ =0%).
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When the control group was composed of “standard
therapy,” the odds of combined clinical and endoscopic
remission (OR 1.25,95% CI1 0.59, 2.67; p=0.562, 12=52%),
clinical remission (OR 0.94, 95% CI 0.43, 2.05; p=0.879,
I*=0%), endoscopic remission (OR 0.56, 95% CI 0.19, 1.68;
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Table 1 Study characteristics

Study Location Year Study design No. patients No. male Mean age Control Delivery of FMT Donors

Costello et al. [20] Australia 2019 RCT 73 40 39 Placebo Endoscopic Pooled

Sarbagili Shabat  Israel 2021 RCT 62 37 40.4 Diet Endoscopic Single
etal. [14]

Paramsothy et al.  Australia 2017 RCT 85 47 36.5 Placebo Endoscopic Pooled
[21]

Pai et al. [12] Canada 2021 RCT 25 Placebo Endoscopic Pooled

Sood et al. [9] India 2019 RCT 61 44 33.8 Placebo Endoscopic Single

Lahtinen et al. Finland 2023 RCT 33 26 43.1 Placebo Endoscopic Single
[10]

Fang et al. [11] China 2021 RCT 20 4 48 Mesalazine/ster-  Endoscopic Single

oid following
mesalazine

Haifer et al. [17]  Australia 2022 RCT 35 18 36.9 Placebo Oral capsule Pooled

Karjalainen et al. ~ Finland 2021 RCT 26 15 44.1 Placebo Endoscopic +transanal ~ Single
[13] catheter

Schierova et al. Czechia 2020 RCT 16 8 38.8 SASA Enema Single
[15]

Moayyedi et al. Canada 2015 RCT 75 44 39 Placebo Enema Pooled
[22]

Crothers et al. USA 2021 RCT 12 7 46.5 Placebo Endoscopic + oral Pooled
[18] capsule

Rossen et al. [19] Amsterdam 2015 RCT 48 22 40.5 Placebo Nasoduodenal tube Pooled

Brezina et al. [16] Czechia 2021 RCT 43 23 42.7 S5ASA Enema Single

FMT fecal microbiota transplantation, RCT randomized control trial, ASA aminosalicylic acid

p=0.301, P= 0%), post-treatment colitis (OR 1.12, 95% CI
0.40, 3.17; p=0.824, 12:29%), and adverse events (OR
0.92,95% C10.31, 2.72; p=0.878, I*=0) were similar.

Allowance for other treatments There was a significant
variation in which adjunct treatments were allowed con-
comitant or before the delivery of FMT. All interventions
were compared in their ability to achieve combined clinical
and endoscopic remission in combination with FMT. The
odds of combined remission were significantly increased
when biologics were allowed. [12, 14, 17, 18, 20, 22] (OR
2.71,95% CI1 1.00, 7.30) compared with when they were not
allowed (OR 1.96, 95% CI 1.18, 3.24), with an estimated
75% increased odds of remission.

The odds of combined remission were significantly
increased when steroids were allowed [14-17, 19, 22] [(OR
2.27,95% CI 1.12, 4.6) compared with when steroid therapy
was not allowed (OR 2.03, 95% CI 1.01, 3.88)], with an
estimated 24% increased odds of remission.

Similarly, there was an increase in the odds of combined
remission when methotrexate was allowed [9, 12, 14, 17,
18, 20, 22] (OR 3.07, 95% CI 1.55, 6.06) compared with
when it was not allowed (OR 1.49, 95% CI 0.82, 2.7), with
an estimated 158% increased odds of remission. When no
pre-FMT treatments were allowed at all [10, 13], the odds

of combined remission with FMR were similar to those of
controls (OR 1.24,95% C10.49, 3.11, p=0.641, = 0%).

Two studies [13, 17] allowed pre-treatment antibiotics.
The odds of combined remission were lower when pre-treat-
ment antibiotics were administered compared with when
they were not given [(OR 2.31, 95% CI 1.52, 3.50) versus
(OR 2.4, 95% CI 1.48, 3.88)], with an estimated decreased
odds of remission of 9%. These results are summarized in
Table 2.

Duration of disease, mode of delivery, and source
of FMT Patients with chronic disease (>5 years) [11-14,
16, 17, 19-21] had higher odds of combined remission
than in all patients [(OR 2.89, 95% CI 1.51, 5.55) versus
OR 2.25, 95% CI 1.54, 3.3]. Oral delivery of FMT [17-19]
was associated with increased odds of combined remission
compared with transanal delivery [(OR 3.15, 95% CI 1.29,
7.67) versus (OR 2.01, 95% CI 1.16, 3.49)]. The odds of
combined remission also increased when the source of FMT
was from pooled donors [12, 17-22] compared with when
prepared from a single donor [(OR 3.32, 95% CI 1.99, 5.55)
versus (OR 1.39, 95% CI 0.69, 2.77)]. The results of the
sensitivity analyses are summarized in Table 3.
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RN T Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Costello et al. 21 38 8 35 +—8— 417 [1.51;11.51] 9.4% 12.5%
Shabat et al. 6 17 9 19 0.61 [0.16; 2.32] 13.9% 9.0%
Paramsothy et al. 2 4# 9 40 +—5— 3.99 [1.52;10.45] 10.6% 13.1%
Pai et al. 8 12 3 12 * 3.00 [0.53; 16.90] 3.8% 6.4%
Fang et al. 9 10 10 10 0.30 [0.01; 8.33] 36% 21%
Haifer et al. 1 15 5 20 +———  825[1.79;38.01] 2.9% 7.6%
Karjalainen et al. 4 13 5 13 0.71 [0.14; 3.61] 8.7% 7.0%
Schierova et al. 5 8 5 8 1.00 [0.13; 7.57] 4.7% 5.0%
Moayyedi et al. 15 38 9 37 TRE 203 [0.75; 5.48] 13.9% 12.8%
Crothers et al. 3 6 1 6 5.00 [0.34;72.77) 1.3% 3.1%
Rossen et al. 171 23 13 25 — 0.85 [0.27; 2.63] 16.4% 11.1%
Brenzina et al. 15 23 12 22 —TE— 1.56 [0.47; 5.19] 10.8% 10.4%
]
)
Common effect model 244 247 <> 2.02 [1.40; 2.93] p=0.0002
Random effects model = 1.94 [1.17; 3.21]) p=0.009
Heterogeneity: /> = 34%, 1> = 0.2600, p = 0.12 T !
01 0512 10
Endoscopic remission
Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Costello et al. 4 38 0 35 9.26 [0.48; 178.55] 22% 4.0%
Shabat et al. 2 @r 4 19 L) 0.50 [0.08; 3.15] 16.0% 9.6%
Paramsothy et al. 5 41 3 40 — s 1.71 [0.38; 7.70] 12.8% 13.7%
Sood et al. 18 3 8 30 i 3.81 [1.29; 11.20] 16.3% 23.3%
Lahtinen et al. 11 24 8 24 —Tas— 169 [053; 544] 20.8% 20.7%
Haifer et al. 7 1 3 20 496 [1.01; 24.37] 6.6% 12.4%
Schierova et al. 1 8 3 8 & 024 [0.02;, 3.01] 12.6% 5.3%
Moayyedi et al. 0 38 9 37 0.0% 0.0%
Brenzina et al. 3 23 3 22 —— 095 [0.17; 5.30] 12.8% 10.9%
Common effect model 235 235 <> 195 [1.17; 3.28] p=0.0111
Random effects model = 1.88 [1.03; 3.45] p=0.040
Heterogeneity: 12 = 25%, t° = 0.1048, p = 0.23 ! ! ! '
001 01 1 10 100
Combined remission
Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Costello et al. 12 38 3 35 i 492 [1.25; 19.31] 5.9% 8.7%
Shabat et al. 2 ‘1 6 19 —1 029 [0.05; 1.69] 13.9% 57%
Paramsothy et al. 11 41 3 40 452 [1.16; 17.70] 6.2% 8.8%
Pai et al. 5 12 4 12 143 [0.27; 7.52) 6.5% 6.3%
Sood et al. 27" 3 20 30 i 3.38 [0.92; 12.33] 7.3% 9.5%
Lahtinen et al. 13 24 10 24 —— 165 [0.53; 5.18] 12.7% 11.6%
Fang et al. 9 10 5 10 9.00 [0.81;100.14] 1.4% 3.2%
Haifer et al. 8 15 3 2 * 6.48 [1.32; 31.83] 3.3% 6.8%
Karjalainen et al. 4 13 a 13 0.71 [0.14; 361] 9.6% 6.5%
Schierova et al. 3 8 4 8 060 [0.08; 4.40] 6.9% 46%
Moayyedi et al. 9 38 2 3 543 [1.09; 27.15] 4.3% 6.6%
Crothers et al. 2 6 0 6 7.22 [0.28; 189.19] 0.9% 1.8%
Rossen et al. 7 23 5 25 —1E— 175 [047;, 6.57] 9.3% 9.2%
Brenzina et al. 15 23 12 2 —"1— 156 [0.47; 5.19] 11.8% 10.7%
Common effect model 299 301 <|> 225 [1.54; 3.30] p<0.0001
Random effects model < 222 [1.42; 3.47] p=0.0005
Heterogeneity: 12 = 24%, ©> = 0.1094, p = 0.19 ! ! ! !
001 01 1 10 100

Fig. 2 Forest plot depicting the odds of remission (clinical, endoscopic, and combined remission) comparing FMT and control groups
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Colitis
Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Costello et al. 2 38 2: 35 —:'— 0.92 [0.12; 6.88] 5.8% 6.5%
Shabat et al. 3 U 1 19 —gl—‘i 3.86 [0.36; 41.20] 2.3% 4.7%
Paramsothy et al. 10 41 9 40 — 1.11 [0.40; 3.11] 20.1% 24 9%
Pai et al. 3 92 1 12 3.67 [0.32; 41.59] 2.2% 45%
Sood et al. 3 31 8 30 0.29 [0.07; 1.24] 21.4% 12.7%
Lahtinen et al. 11 24 14 24 0.60 [0.19; 1.89] 22.1% 20.2%
Fang et al. 0 10 0 10 0.0% 0.0%
Haifer et al. 2 15 2 20 1.38 [0.17; 11.15] 43% 6.1%
Karjalainen et al. 0 “13 0 13 0.0% 0.0%
Moayyedi et al. 0 38 T B 0.32 [0.01; 8.01) 4.4% 2.5%
Brenzina et al. 8 23 9 22 —a— 0.77 [0.23; 2.58] 17.5% 18.0%
i
Common effect model 262 262 ' 0.85 [0.52; 1.39] p=0.514
Random effects model 0.84 [0.50; 1.41] p=0.512

Heterogeneity: P= 0%, ?= 0,p =062

Adverse events

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (common) (random)
Costello et al. 3 38 2 35 —— 141 [0.22; 9.01] 5.6% 71%
Shabat et al. 1 A7 19 19 0.0% 0.0%
Paramsothy et al. 32 41 33 40 —aRT 0.75 [0.25; 2.27] 21.3% 16.8%
Pai et al. 10 12 5 12 7.00 [1.04; 46.95] 24% 6.8%
Sood et al. 24 3 19 30 198 [065; 6.10] 12.7% 16.3%
Lahtinen et al. 15 24 20 24 0.33 [0.09; 1.29] 21.8% 12.2%
Fang et al. 1 10 0 10 3.32 [0.12; 91.60] 1.3% 2.4%
Haifer et al. 15 15 17 20 6.20 [0.30; 129.75] 1.4% 2.8%
Karjalainen et al. 3 3 1 13 3.60 [0.32; 40.23] 2.2% 44%
Moayyedi et al. 3 38 2 3 1.50 [0.24; 9.54] 54% 7.1%
Crothers et al. 1 6 1 6 1.00 [0.05; 20.83] 2.4% 2.8%
Rossen et al. 2 23 2 25 i 1.10 [0.14; 8.48] 51% 6.0%
Brenzina et al. 12 23 13 22 — 0.76 [0.23; 2.46] 18.5% 15.2%
Common effect model 291 293 £ 1.24 [0.79; 1.94] p=0.345
Random effects model 1.24 [0.74; 2.10] p=0.418

| T T T 1
001 01 10 100

Heterogeneity: P= 1%, = 0.1091, p =043

-

Fig.3 Forest plot depicting the odds of adverse events and colitis comparing FMT and control groups

Table 2 Sensitivity analyses of the odds of remission with adjunctive Table 3 Sensitivity analyses for other factors in combination with

treatments in addition to FMT FMT

Treatment Allowed Not allowed Change Factor Group Odds of remission
in odds of
remission Disease duration <5 years 2.31(1.41,3.81)

- ) > 5 years 2.89 (1.51,5.55)
BlOlO‘gICS 2.71 (1.00, 7.30) 1.96 (1.18,3.24)  75% Mode of delivery Transanal 2.01 (1.16, 3.49)
Steroids 2.27 (1.12,4.6) 2.03(1.01,3.88) 24% Oral 3.15(1.29, 7.67)
Met}lt?trc?xate 3.07 (1.55, 6.06) 1.49 (0.82, 2.7) 158% Source of FMT Single 139 (0.69, 2.77)
Antibiotics 2.16 (0.25, 18.81) 2.4 (1.48, 3.88) - 9% Pooled 3.32(1.99, 5.55)
Any treatment 1.244 (0.489,

3.105) *OR (95% CI)
FMT fecal microbiota transplantation, OR odds ratio, CI confidence

CI confidence interval, OR ratio odds
*OR (95% CI)

interval

@ Springer
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Leave-one-out analysis A leave-one-out meta-analysis of
combined clinical and endoscopic remission did not show a
large effect of any individual study on the odds of achieving
remission with FMT. All results remained significant when
each study was omitted (Supplementary Fig. 1).

Meta-regression

A meta-regression analysis of factors associated with com-
bined clinical and endoscopic remission showed the use of
pooled donors (SE 0.921; p=0.026) and pre-treatment with
methotrexate (SE 0.744; p =0.073) were significantly asso-
ciated with an increased likelihood of remission (Table 4).

Risk of bias and certainty of evidence

The risk of bias was low for five studies [13-15, 17, 20],
whereas nine studies had some concerns of bias (Supple-
mentary Fig. 2) [9-12, 16, 18, 19, 21, 22]. The certainty
of evidence was high for combined remission and clinical
remission and moderate for endoscopic remission, overall
adverse events and colitis (Supplementary Fig. 3). There
was no significant publication bias in the primary outcomes
(Supplementary Fig. 4).

Discussion

In this meta-analysis, 299 patients with UC were treated
with FMT. FMT was associated with higher rates of clini-
cal and endoscopic remission. Patients treated with steroids,
biological agents, or methotrexate before FMT had higher
likelihood of remission compared with patients who did not
receive such treatments. Interestingly, in the studies that
did not allow pre-FMT treatments there was no significant
advantage of FMT, which may imply beneficial effect of

Table 4 Meta regression for factors associated with combined clinical
and endoscopic remission

Factor SE p-Value
Age —0.053 0.345
Male sex 0.059 0.109
Oral versus transanal delivery 0.460 0.348
Single versus pooled donor 0.921 0.026
Disease duration —0.149 0.111
Pre-treatment steroids 0.146 0.733
Pre-treatment biologics 0.358 0411
Pre-treatment methotrexate 0.744 0.073
Pre-treatment antibiotics —-1.214 0.156

Bold text in p-value column indicates statistical significance

SE slope coefficient

@ Springer

pre-FMT treatments in preparing the bowel for the bacte-
riotherapy. Oral delivery of FMT prepared from multiple
donors conferred higher remission than transanal delivery
and single-donor FMT.

Various methods of preparing and administering FMT
have been described. Postigo and Kim [23] demonstrated
that delivery of FMT via a nasogastric tube was equally
effective to colonoscopy in recurrent CDI. Similarly, in an
RCT Kao et al. found that oral capsules were not inferior to
colonoscopy as a method of FMT delivery [24]. These prior
results were consistent with our finding that oral administra-
tion FMT yielded higher remission of UC. This finding is
clinically important because oral delivery of FMT is easier
and less invasive than transanal delivery. In addition, oral
delivery may facilitate a daily administration, allowing for
better compliance with therapy and potentially maintenance
therapy [17]. Therefore, future trials may opt to focus more
on oral FMT, as it combines both efficacy and compliance.

Further consideration of FMT is the source of microbiota
and whether it is better to use a single-donor or a multidonor
sample. Our results support the multidonor approach, as it
led to a higher remission than the single-donor approach.
A possible explanation is that multidonor FMT has a larger
microbial diversity, as shown by Paramsothy and colleagues
[21]. In addition, Vermeire et al. [25] demonstrated that
higher sample richness is important in achieving remission.

An important finding of the present meta-analysis is
that the likelihood of remission after FMT was increased
in patients who received biological treatment, steroids, or
methotrexate before or concomitant with FMT. Recent stud-
ies have cast doubt on methotrexate’s efficacy in inducing
and maintaining remission [26-28]. Despite these studies,
its use is still recommended by the American Gastroen-
terological Association (AGA) combined with biological
agents rather than biological monotherapy [28]. The role
of methotrexate in combination with FMT requires further
evaluation. Aden et al. [29] concluded that anti-TNF treat-
ment induces the restoration of intestinal microbial diversity
in patients with IBD. The authors assumed that biological
therapy might affect the intra-microbiota interaction, thus
improving the efficacy of FMT.

Fukushima et al. [3] investigated the relationship between
the use of biological antiinflammatory drugs (anti TNF
agents) and the gut microbiota of patients with Crohn’s dis-
ease (CD). Their study found that the gut microbiota diver-
sity was significantly different in patients with CD compared
with control patients, however, there was no significant dif-
ference between those who received anti-TNF therapy and
those who did not.

As has emerged from the literature, it is unclear whether
biological and other antiinflammatory agents influence intra-
microbiota interaction and thus increase the efficacy of FMT
treatment. A different explanation suggests it is simply an
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example of the multifactorial pathogenesis of IBD, in which
case it is beneficial to target concurrently different mecha-
nisms—antiinflammatory drugs and FMT—to increase remis-
sion rates.

Pre-treatment antibiotics are theoretically supposed to
clean the gastrointestinal tract and facilitate the engraftment
of donor microbes. Mocanu et al. [30] showed in their pro-
portional meta-analysis that antibiotic treatment prior to FMT
improved remission rates in patients with IBD. Conversely, we
found that giving antibiotics prior to FMT decreased the odds
of remission. However, the small number of patients included
in this analysis (only two papers included) may prevent draw-
ing definitive conclusions.

Previous studies on recurrent CDI [23] and IBD [4, 30]
have shown that FMT is relatively safe. Consistent with former
studies, we found that the odds for post-treatment colitis were
similar between FMT and control groups, and there was no
compromise in safety profile when FMT was used.

This meta-analysis included only randomized control trials
to ensure a high level of evidence and minimize selection bias.
In addition, this analysis included a relatively large number
of patients. However, the study has several limitations. It is
important to remember that the study design, FMT prepara-
tion, administration, and FMT regimens varied between the
studies. While this heterogeneity was indeed a major limita-
tion when conducting the primary analysis of all studies, it
helped us stratify studies and patients according to the deliv-
ery method, source of FMT, and pre-FMT treatment. Eventu-
ally, the results of these sensitivity analyses can guide future
studies and inform clinical practice, such as oral delivery of
FMT, multidonor FMT, and administration of medical treat-
ments before FMT that may be recommended to achieve
higher remission of UC. However, there were no discreet data
on which patients received which pre-treatments, only that
pre-treatment was allowed in certain studies. This limits the
ability to concretely associate a specific pre-treatment with
increased remission. Moreover, the assertion that antibiotics
diminish remission probabilities is not conclusive owing to
the limited sample size of this analysis. Another limitation
related to the different regimens is that, although most of the
regimens included more than a single FMT administration, we
were unable to determine the optimal number of FMT deliv-
ery. Furthermore, the safety profile of FMT was not a major
focus of the included studies.

Conclusions

FMT has a promising role in inducing remission of UC.
The administration of medical treatments before FMT may
help achieve higher remission of UC and thus FMT may be
associated with better results if not used as a single treatment
method. Current evidence shows that oral delivery of FMT

and multidonor FMT may confer better results than transanal
delivery and single-donor FMT. Standardization of the admin-
istration method, dosage, donors, and pre-FMT treatment is
needed.
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