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Efficacy and safety of fecal microbiota transplantation for the
induction of remission in active ulcerative colitis: a systematic
review and meta-analysis of randomized controlled trials
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Background: Fecal microbiota transplantation (FMT) is a novel management strategy for ulcerative colitis
(UC). However, its effectiveness remains controversial. This study sought to assess the effectiveness of FMT
in the treatment of active UC by performing a meta-analysis of randomized controlled trials (RCT5).
Methods: We searched the Cochrane, Embase, PubMed, and Web of Science databases from their
inception to December 2021. RCTs that recruited patients with active UC and treated them with FMT,
a placebo or a suitable comparator were included in the meta-analysis. PICOS: Patients, active UC;
Intervention, FMT; Control, placebo or a suitable comparator; Outcomes, remission rate; Studies, RCTs.
The risk of bias assessment was performed with Revised Cochrane risk-of-bias tool (version 2). Meta-
analyses of risk ratios (RRs) were performed to estimate the differences in remission rates and the risk of
serious adverse events (SAEs) between the FMT-treated and control patients.

Results: A total of 9 RCTs comprising 425 UC patients (213 FMT and 212 control) were included in
the meta-analysis. The risk of bias was low in these RCTs. Clinical remission was observed in 86 of the
213 patients in the FMT groups and 47 of the 212 patients in the control groups [RR: 1.84; 95% confidence
interval (CI): 1.37, 2.47; P<0.0001]. Clinical remission was better when the FMT delivery route was via
the lower gut, the FMT dose was >300 grams, and the fecal specimen from multiple donors. Endoscopic
remission (observed in 7 RCTS) was achieved in 33 of the 195 FMT-treated patients compared to 17 of the
194 control patients (RR: 1.94; 95% CI: 1.14, 3.31; P=0.01). SAEs were reported in 22 of the 213 FMT-
treated patients but only 11 of the 212 control patients (RR: 2.05; 95% CI: 1.03, 4.09; P=0.04).
Discussion: FMT is an effective treatment for patients with active UC. Significantly higher clinical and
endoscopic remission rates are observed with FMT than with control treatments. However, FM'T may cause
a significantly higher incidence of SAEs than control treatments. Future studies should delineate the effects
of donor selection, dosage, delivery route, and antibiotic pretreatment and should evaluate the safety profile
of FMT.
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Introduction

Ulcerative colitis (UC) is a chronic inflammatory disease
of the colon with periodic oscillations of relapse and
remission (1). Conventional medical treatments including
sulfasalazine, 5-aminosalicylate, 6-mercaptopurine,
azathioprine, steroids, immune modulating agents such
as cyclosporine, and biologicals agents such as anti-tumor
necrosis factor drugs can provide remissions but cannot
much alter disease course and are associated with risks such
as the non-adherence, side effects (hepatitis, pancreatitis,
lupus, hematological alterations, hepatotoxicity, etc.), and
dysplasia (2).

Fecal microbiota transplantation (FMT) is the transfer
of fecal microbes from healthy individuals to patients (3).
FMT modifies microbial composition and creates a
taxonomic equilibrium between gut viruses, bacteria, and
fungi to restore microbial homeostasis (4). Advantages of
FMT include easy acquisition, use of samples from multiple
donors in a single transplant, convenience in storage, and
more than one modes of administration. FMT is found
to be highly efficacious in treating recurrent clostridium
difficile infection (CDI) with cure rates of 87-90% (5,6).
FMT is also a potential therapy for inflammatory bowel
disease and irritable bowel syndrome. It has shown potential
in treating hepatic encephalopathy, autism, and metabolic
syndrome. Other potential areas in which FMT has been
shown beneficial effects include modulating the response to
chemotherapy, overcoming multidrug resistance, and treating
conditions involving the gut-brain axis (4,7). For many other
indications, the data on FMT are limited, as randomized
controlled trials (RCT5) are scarce and typically constrained
by small populations, and often have conflicting results (7).

The first case of successful treatment of UC with FM'T
was reported in 1989 by a physician who treated himself
with FMT via an enema after 11 years of illness. The
remission was inflammation free and was achieved without
the use of additional drugs (8). Since then, many reports
and RCTs have been published on this subject. Despite the
publication of several reports on the efficacy of FMT, the
effectiveness of FM'T in UC treatment remains debatable. A
previous meta-analysis found FMT a promising treatment
for active UC (9). A network meta-analysis also showed that
FMT was comparable to infliximab, and vedolizumab in
terms of their absolute effects or relative ranks. In that study,
no statistical differences were found between the efficacy
of biological agents, tofacitinib, and FMT (10). However,
some recent investigations have reported conflicting
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outcomes (11-13). A study found FMT comparable to
S-aminosalicylate in achieving clinical remission (11)
whereas another study reported similar rates of clinical
remission in FMT and placebo treated patients (12)
and a study found UC exclusion diet to be more beneficial
than FMT in achieving remission (13). Safety profiles
were similar in comparative groups of these studies.
Thus, the scenario urged for a systematic review and to
perform meta-analyses of statistical indices for refining the
existing evidence. The present study sought to evaluate
the efficacy and safety of FMT in patients with active UC
by performing a meta-analysis of the RCTs available in
the literature to obtain more precise information on this
subject. We present the following article in accordance with
the PRISMA reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-3236/rc).

Methods
Search strategies

We searched the Cochrane, Embase, PubMed, and Web
of Science databases from their inception to December
2021. The literature search was performed using the key
terms with following strategy: ((FMT or fecal microbial
transplant or bacteriotherapy) OR ((faecal or fecal or feces
or faeces or stool) AND (transplant® or microbiota or
transfusion or implant* or instillation or donor* or enema
or reconstitution or infusion* or transfer*))) AND (UC
or ulcerative colitis). Two authors screened each record
and retrieved article independently and then unified their
outputs. Any discrepancies were resolved through discussion
with the senior authors. The literature search was restricted
to original research articles published in English language.

Inclusion and exclusion criteria

To be eligible for inclusion in the present study, the
articles had to meet the following inclusion criteria: (I)
report on a RCT study comprising patients with active
UC; (I) report on the efficacy (clinical remission and/or
endoscopic remission), and safety outcomes of the FMT
treatment; and (III) compare FMT to a placebo or a suitable
comparator. Patients receiving FMT through any delivery
route, including oral, nasogastric, colonoscopic, or enema
administration, were eligible for inclusion. The PICOS:
Patients, UC; Intervention, FMT; Control, Placebo or
suitable comparator; Outcomes, remission rate/SAE rate;
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Study design, RCT. Studies on animals or cell lines, reviews,
case reports, case series, retrospective studies, cohort
studies, and non-RCTs were excluded from the study, as
were study reports with incomplete or insufficient data.
In relation to duplicate publications, the latest published
article was included in the study.

Data extraction

The data were searched and extracted by 2 authors
independently. Any discrepancies were resolved through
discussion with the senior authors. The information
extracted from the articles included the authors’ names,
publication dates, countries, number of patients, severity of
UC, FMT dosages, delivery routes, control interventions,
follow-up time, clinical remission, endoscopic remission,
and serious adverse events (SAEs). All the extracted data
were then synthesized and tabulated in datasheets according
to the analysis requirements.

Quality assessment

The quality assessment of the included studies was
performed with the version 2 of the Revised Cochrane
Risk-of-Bias Tool for Randomized Trials (RoB 2.0) using
an Excel Tool for the implementation of RoB 2. The RoB
2.0 assesses the risk of bias in a randomized trial under five
domains: (I) randomization; (II) deviations from intended
interventions; (III) missing outcome data; (IV) outcome
measurement; and (V) selection of the reported results. A
study with all low-risk domains is considered to have low
risk of bias whereas a study with high risk of bias in at least
one domain or some concerns in more than one domain is
considered to have high risk of bias.

Statistical analysis

We tested the presence of statistical heterogeneity in the
reported outcomes with the Chi’ test and estimated it as
a percentage with the I’ index. The risk ratios (RRs) were
calculated to estimate the differences in the remission
rates and the risk of SAEs between the FMT-treated and
control patients. Review Manager software (version 5.4.1;
Cochrane Collaboration; Copenhagen, Denmark) was used
for the meta-analyses of RRs of remission or SAEs between
treated and control groups. We used random-effects model
(REM) for a meta-analysis when the I’ value was >50%,
and otherwise a fixed-effects model (FEM) was used. To
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investigate the sources of heterogeneity, subgroup analyses
were performed with respect to the mode of administration,
the number of donors, antibiotic pretreatment, and total
FMT dosage. Subgroup analyses were also performed to
evaluate the heterogeneity arising from control treatments
(placebo vs autologous FMT). Sensitivity analyses were
performed to evaluate the robustness of the outcomes. All
the statistical tests were 2-tailed, and outcome data with P
values <0.05 were considered statistically significant.

Publication bias assessment was performed with Begg’s
test and Egger’s test using Stata software (version 16; Stata
Corporation, College Station, Texas, USA) after the visual
examination of funnel plot corresponding to the meta-
analysis of clinical remission rates.

Results
Search results and study characteristics

The literature search yielded a total of 8,143 citations, of
which 3,519 were duplications. After deleting the duplicates,
4,624 studies were reviewed to determine their eligibility
based on their titles and abstracts. After the 2 reviewers had
independently screened the titles and abstracts, 43 studies
on UC patients who received FMT remained. Of these
studies, 9 were RCTs evaluating the efficacy of FMT in
patients with active UC, and these articles were included in
the meta-analysis (11-19) (Figure I). A total of 425 patients
were enrolled in these studies; 213 FMT-treated and 212
control patients. These studies were conducted in the United
States, Australia, Canada, the Czech Republic, Israel, and
the Netherlands. 7zble I summarizes the research focused
demographic, clinical, analytical, and FMT features of these
studies.

The majority of the included studies used clinical
response or remission as the primary endpoint, but some
studies used a combination of endoscopic improvement
or remission as the primary endpoint. The definitions of
clinical remission, endoscopic remission, and SAEs were
not uniform across these trials; however, all the 9 studies
reported outcome data for clinical remission, and SAEs, and
7 studies reported endoscopic remission data.

Quality assessment

All the studies were classified as high-quality studies
according to the RoB 2.0. Figures 2,3 show the quality of
each included study.
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Figure 1 Flow chart of the literature search, study screening, and selection.

Efficacy of FMT in UC patients

Clinical remission

All the included RCTs reported outcome data on clinical
remission after FMT. When the data were pooled, 86 of
the 213 patients (40.4%) in the FMT group and 47 of the
212 patients (22.2%) in the control group achieved clinical
remission [RR: 1.84; 95% confidence interval (CI): 1.37,
2.47; P<0.0001]. This meta-analysis showed low statistical
heterogeneity between the studies (Chi’=12.67, P=0.12,
I’=37%; Figure 4). Sensitivity analyses found these results
stable. There was no indication of publication bias upon
examining the symmetry of funnel plot corresponding to
this meta-analysis. Publication bias tests also endorsed this
observation [Begg’s test: Adjusted Kendall’s score =0+9.59;
P=1.000 (Figure S1) and Egger’s test: bias coefficient: 0.366
(-3.025, 3.757); P=0.806].

Figures S2-S5 show the subgroup analyses based on the
mode of administration, the number of donors, antibiotic
pretreatment, and total FMT dosage. When the route
of administration of FMT was studied, in comparison to
the controls the pooling of data from 6 studies showed
that administering the FMT via the lower gastrointestinal
tract had a beneficial effect (RR: 1.72; 95% CI: 1.06, 2.78;
Chi’=8.62; P=0.13; I’=42%; REM), while the pooling of
data from 3 studies showed that administering the FMT via
the upper gastrointestinal tract had no benefit (RR: 1.86;
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95% CI: 0.73, 4.77; Chi’=4.07; P=0.13; I’=51%; REM).
Compared to the control groups in 4 RCTs, a significant
beneficial effect was observed when FMT with multiple
donors was used (RR: 2.17; 95% CI: 1.36, 3.46; Chi’=1.78;
P=0.62; I’=0%, REM), but no such effect was observed when
FMT with a single donor was used in 5 RCTs (RR: 1.51;
95% CI: 0.80, 2.85; Chi’=9.50; P=0.05; I’=58%; REM).
The pooling of data from 4 studies showed that FMT with
a total dosage of >300 grams had a significant beneficial
effect (RR: 1.85; 95% CI: 1.22, 2.83; Chi’=2.46; P=0.48;
I’=0%; REM), but the pooling of data from 5 studies
showed that FM'T with a total dosage of <300 grams had no
benefit (RR: 1.60; 95% CI: 0.77, 3.32; Chi’=10.12; P=0.04;
I’=60%; REM). In comparison to the control group, FMT
exhibited a significantly better effect in both the with and
without antibiotic pretreatment subgroups. In subgroup
analysis with regards to control treatment, there was no
significant difference between the placebo and autologous
FMT in clinical remission rate (Figure S6).

Endoscopic remission

Endoscopic remission was achieved by more patients
receiving FMT than by those receiving control therapies.
The pooled rate of endoscopic remission was 16.9%
(33 of 195 patients) in the FMT group and 8.76% (17 of
194 patients) in the control group (RR: 1.94; 95% CI: 1.14,
3.31; P=0.01; Chi’=6.92; P=0.33; ’=13%; Figure 5).
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Figure 2 Assessment of the methodological qualities of the

included RCTs. RCTs, randomized controlled trials.
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The subgroup analyses examining the mode of
administration, the number of donors, antibiotic
pretreatment, total FMT dosage, and control treatment
found no significant differences between the subgroups (see

Figures S7-S11).

Safety of FMT in UC

Adverse events requiring treatment, hospitalization, surgery,
or death during the FMT process were designated as SAEs.
The FMT group had a pooled SAE rate of 10.3% (22 of
213 patients), while the control group had a rate of 5.19%
(11 of 212 patients) (RR: 2.05; 95% CIL: 1.03, 4.09; P=0.04;
Chi’=2.36; P=0.94; I’=0%; Figure 6). However, in the
sensitivity analysis, the difference in the SAEs between the
FMT and control groups was not significant.

Discussion

This meta-analysis of RCTs found that FMT has
significantly higher clinical and endoscopic remission rates

As percentage

0 10 30 40 50 60 70 80 90 100
Low risk Some concerns B High risk
Figure 3 Risk of bias as percentage for the studies.
FMT Control Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H. Fixed,95% CI M-H. Fixed. 95%C|
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Favours [control] Favours [FMT]

Figure 4 Forest graph showing the overall risk ratios of clinical remission between the FMT-treated and control patients. FMT, fecal

microbiota transplantation.
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Figure 5 Forest graph showing the overall risk ratios of endoscopic remission between FMT-treated and control patients. FMT, fecal

microbiota transplantation.

FMT Control Risk Ratio Risk Ratio
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Crothers 2021 1 6 1 6 9.2% 1.00 [0.08, 12.56]

Brezina 2021 4 21 1 22 9.0% 4.19[0.51, 34.50]

Costello 2019 3 38 2 35 19.2% 1.3810.25, 7.79] -1

Paramsothy 2017 2 41 1 40 9.3% 1.95[0.18, 20.68] -
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Figure 6 Forest graph showing the risk ratios of the incidence of severe adverse events between the FMT-treated and control patients.

FMT, fecal microbiota transplantation.

than control treatments. We identified 425 patients with
active UC, of whom 213 received FMT. Overall, 40.4% of
the UC patients and 22.2% of the control patients achieved
clinical remission. Our meta-analysis outcomes showed the
efficacy of FMT in inducing remission in mild to moderate
active UC patients in the short term only. Very few RCTs
have examined the outcomes of maintenance treatment with
FMT. A RCT published in 2019 showed that maintenance
FMT treatment in UC patients who were in in clinical
remission may help sustain clinical, endoscopic, and
histological remission (20).

The FMT group had a higher number of SAEs than
the control group; however, in the sensitivity analysis,
the difference in the SAEs between the FMT and control
groups was not significant. Thus, further research is
required to determine whether or not FMT causes more

SAEs than placebo or other regimens. When the data of all

© Annals of Translational Medicine. All rights reserved.

of the 9 RCTs were pooled, the SAEs were not rare (10.3%);
thus, SAEs need to be carefully monitored throughout FMT
treatment. However, some of the reported SAEs may not
have been linked to FMT. For example, the misdiagnosis
of Crohn’s disease as UC and the identification of cervical
cancer during therapy were included as SAEs in some
studies (18,19), but they were not found to be significantly
associated with FMT. Additionally, the most common
SAEs were CDI (11,12,16,17,19) and exacerbations of UC
(11-17,19). In a systematic review of 50 studies on FMT
comprising 1,089 patients, the total incidence rate of SAEs
was 9.2% (21) which is similar to the figure we found.
High-quality RCTs are needed to verify the incidence of
SAEs among FMT patients (21).

Despite the fact that there was no substantial statistical
heterogeneity in the meta-analyses, there were discrepancies
among the included studies in terms of donor selection,
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total dosage, delivery route, and whether or not antibiotic
pretreatment was employed. The dosage of FMT varied
from trial to trial, and there was no uniform standard. In
most of the cases, the feces specimens were frozen, and
fresh stool specimens were used in only 1 study (19). Frozen
feces may have advantages over fresh feces in relation to the
preparation, storage, monitoring, and delivery of FMT (22).
Quantitative polymerase chain reaction analyses have shown
that frozen and lyophilized FMT products can be stored
for up to 7 months without any change in the microbial
composition or therapeutic strength (23). A recent animal
study showed that frozen FMT had a better therapeutic
effect than fresh FMT (24). In the present study, feces from
a single donor were used in some trials (11,13,14,18,19),
while mixed specimens from multiple donors were used in
others (12,15-17). Several studies used upper gastrointestinal
administration (14,15,18), including nasogastric tubes
and capsules, while others used lower gastrointestinal
administration (11-13,16,17,19), such as enteroscopies or
enemas. These discrepancies could have affected our study’s
findings. Data were insufficient to perform meta-regression,
however, to understand these findings, subgroup analyses
were performed. In relation to clinical remission, FMT
with a high dosage, mixed stool specimens from multiple
donors, and the lower gastrointestinal tract as the route of
administration were found to be significantly better than
low-dose FMT, stool specimen from single donor, and upper
gastrointestinal tract as route of administration, respectively.
However, for endoscopic remission, no significant
differences were observed among the subgroups.

Our meta-analysis showed that multi-donor FMTs may
offer an advantage for clinical remission. Some studies
using single-donor FMTs have found preliminary evidence
that some donor FMT5s are significantly more effective than
others, and another study showed that some donor FMTs
had an increased risk of adverse events, which suggests
that donor selection affects FMT outcomes (13,19). The
composition of donor gut flora may affect FMT efficacy in
UC patients (4). In inflammatory bowel disease patients,
usually the firmicutes are decreased and proteobacteria taxa
are increased (25). In an RCT, the presence of Fusobacterium
spp. was associated with a lack of remission (17). Higher
donor richness was linked to a successful transplant in a
study employing 16S ribosomal deoxyribose nucleic acid
pyrosequencing to evaluate fecal microbiota (26). The
extent to which donor’s microbial taxa engraft and reverse
the dysbiosis associated with a specific disease phenotype
also affects subject’s response to FMT (4). Previous evidence

© Annals of Translational Medicine. All rights reserved.
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on its benefit in disease remission has shown that precisely
processed FMT can minimize donor-dependent constraints
and provide a well-defined flora blend. Such preparations
will take FMT more similar to prebiotics that can enable
whole fecal transplantations to be avoided (27). Further
studies are required to investigate the factors affecting the
efficacy of FMT in different disease states.

Conclusions

This meta-analysis of RCTs showed that FMT had
significant advantages in terms of clinical and endoscopic
remission in patients with mild to moderate active UC. The
FMT group had a significantly higher incidence of SAEs
than the control group; however, more data is needed to
confirm this difference. Additionally, further RCTs and
long-term observational registries are needed to reach a
consensus on donor selection, total dosage, FMT delivery
route, and antibiotic pretreatment.
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Figure S1 A funnel plot showing the outcomes of Begg’s test of publication bias corresponding to the meta-analysis of clinical remission

rate. logRR, log risk ratio; se(logRR), standard error of logRR.

FMT Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random, 95% Cl M-H, Random, 95% CI
FMT via lower gastrointestinal tract
Sarbagili 2022 4 19 6 15 9.6% 0.53[0.18, 1.53] S
Pai 2021 6 12 4 12 9.9% 1.25[0.44, 3.55] - e
Brezina 2021 12 21 8 22 16.7% 1.57 [0.81, 3.06] T
Costello 2019 18 38 6 35 13.8% 2.76 [1.24, 6.16] .
Paramsothy 2017 18 41 8 40 15.7% 2.20[1.08, 4.46] N
Moayyedi 2015 9 38 2 37 59% 4.38[1.01, 18.94] L.
Subtotal (95% CI) 169 161 71.7% 1.72 [1.06, 2.78] N
Total events 66 34
Heterogeneity: Tau? = 0.15; Chi? = 8.62, df =5 (P = 0.13); I? = 42%
Test for overall effect: Z = 2.20 (P = 0.03)
FMT via upper gastrointestinal tract
Haifer 2022 11 15 5 20 13.5% 2.93[1.29, 6.65] e
Crothers 2021 2 6 0 6 1.8% 5.00 [0.29, 86.43]
Rossen 2015 7 23 8 25 13.0% 0.95[0.41, 2.21] e
Subtotal (95% CI) a4 51 28.3% 1.86 [0.73, 4.77] e
Total events 20 13
Heterogeneity: Tau? = 0.33; Chi? = 4.07, df =2 (P =0.13); P=51%
Test for overall effect: Z = 1.29 (P = 0.20)
Total (95% CI) 213 212 100.0% 1.74 [1.17, 2.59] .
Total events 86 a7
Heterogeneity: Tau? = 0.13; Chiz = 12.67, df =8 (P = 0.12); I2 = 37% ’0 o 0=1 1 1’0 100’

Test for overall effect: Z =2.75 (P = 0.006)
Test for subaroup differences: Chi? = 0.02. df = 1 (P = 0.88). I =0%

Favours [control] Favours [FMT]

Figure S2 Forest graph showing the risk ratios of clinical remission rates between FMT-treated and control groups with subgroup analyses

based on the delivery route of transplant. FMT, fecal microbial transplant.
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FMT Control Risk Ratio Risk Ratio

_Study or Subgroup _ Events Total Events Total Weight M-H. Random. 95% Cl M-H. Random,95%CI
Multiple donors
Pai 2021 5 12 4 12 9.9% 1.25[0.44, 3.55] N A
Crothers 2021 2 6 0 6 1.8% 5.00 [0.29, 86.43]
Costello 2019 18 38 6 35 13.8% 2.76 [1.24, 6.16] LG
Paramsothy 2017 18 41 8 40 15.7% 2.20[1.08, 4.46] .
Subtotal (95% CI) 97 93 41.2% 2.17 [1.36, 3.46] >
Total events 43 18

Heterogeneity: Tau? = 0.00; Chi* = 1.78, df = 3 (P = 0.62); 1= 0%
Test for overall effect: Z = 3.25 (P = 0.001)

Single donor

Haifer 2022 11 15 5 20 13.5% 2.93[1.29, 6.65] —
Sarbagili 2022 4 19 6 15 9.6% 0.53 [0.18, 1.53] —
Brezina 2021 12 21 8 22 16.7% 1.57 [0.81, 3.06] T
Rossen 2015 7 23 8 25 13.0% 0.95[0.41, 2.21] .
Moayyedi 2015 9 38 2 37 59% 4.38[1.01, 18.94]

Subtotal (95% CI) 116 119 58.8% 1.51 [0.80, 2.85] -
Total events 43 29

Heterogeneity: Tau? = 0.29; Chi* = 9.50, df = 4 (P = 0.05); I* = 58%
Test for overall effect: Z = 1.28 (P = 0.20)

Total (95% Cl) 213 212 100.0% 1.74 [1.17, 2.59] <&
Total events 86 47

T4 i ¢ 2= = = .12 = 979 t + u }
Heterogeneity: Tau? = 0.13; Chi? = 12.67,df=8 (P = 0.12); I?=37% 0.02 01 1 10 50
Test for overall effect: Z = 2.75 (P = 0.006) Favours [control] Favours [FMT]
Test for subaroup differences: Chi? = 0.80. df = 1 (P =0.37). 12= 0%

Figure S3 Forest graph showing the risk ratios of clinical remission rates between FMT-treated and control groups with subgroup analyses

based on the number of donors. FMT, fecal microbial transplant.

FMT Control Risk Ratio Risk Ratio
i - % Cl M-H. Random,95%Cl

Preantibiotic treatment
Haifer 2022 11 15 5 20 13.5% 2.93[1.29, 6.65] o
Crothers 2021 2 6 0 6 1.8% 5.00[0.29, 86.43]
Subtotal (95% ClI) 21 26 15.3% 3.05[1.39, 6.71] -
Total events 13 5
Heterogeneity: Tau? = 0.00; Chi?=0.13,df =1 (P = 0.72); I? = 0%
Test for overall effect: Z = 2.78 (P = 0.005)
Without preantibiotic treatment
Sarbagili 2022 4 19 6 15 9.6% 0.53[0.18, 1.53] N
Pai 2021 5 12 4 12 9.9% 1.25[0.44, 3.55] B |
Brezina 2021 12 21 8 22 16.7% 1.57 [0.81, 3.06] T
Costello 2019 18 38 6 35 13.8% 2.76 [1.24, 6.16] — =
Paramsothy 2017 18 41 8 40 15.7% 2.20[1.08, 4.46] i
Rossen 2015 7 23 8 25 13.0% 0.95[0.41, 2.21] O
Moayyedi 2015 9 38 2 37 5.9% 4.38[1.01, 18.94] = T
Subtotal (95% CI) 192 186 84.7% 1.57 [1.01, 2.43] o
Total events 73 42
Heterogeneity: Tau? = 0.14; Chi? = 10.33, df =6 (P = 0.11); I = 42%
Test for overall effect: Z = 2.00 (P = 0.05)
Total (95% Cl) 213 212 100.0% 1.74 [1.17, 2.59] L 4
Total events 86 47 ) ,

ity 2 . Chiz = = = -2 = 379 k + +
Heterogeneity: Tau? = 0.13; Chi?=12.67, df =8 (P = 0.12); I’ = 37% 0.01 01 y 10 100

Test for overall effect: Z = 2.75 (P = 0.006) Favours [control] Favours [FMT]

Test for subaroup differences: Chi? = 2.11. df =1 (P = 0.15). I = 52.5%

Figure S4 Forest graph showing the risk ratios of clinical remission rates between FMT-treated and control groups with subgroup analyses

based on the antibiotic pretreatment. FMT, fecal microbial transplant.
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FMT Control
el 9 LIDJIroup cven EVE

FMT with larger dosage(>=300g)

Pai 2021 5 12 4 12 9.9%
Brezina 2021 12 2 8 22 16.7%
Paramsothy 2017 18 41 8 40 15.7%
Moayyedi 2015 9 38 2 37 59%
Subtotal (95% Cl) 112 111 48.3%
Total events 44 22

Heterogeneity: Tau? = 0.00; Chi? = 2.46, df = 3 (P = 0.48); I?=0%
Test for overall effect: Z = 2.87 (P = 0.004)

FMT with smaller dosage(<300g)

Haifer 2022 11 15 5 20 13.5%
Sarbagili 2022 4 19 6 15 9.6%
Crothers 2021 2 6 0 6 1.8%
Costello 2019 18 38 6 35 13.8%
Rossen 2015 7 23 8 25 13.0%
Subtotal (95% Cl) 101 101 51.7%
Total events 42 25

Heterogeneity: Tau? = 0.39; Chi? = 10.12, df =4 (P = 0.04); I> = 60%
Test for overall effect: Z = 1.25 (P = 0.21)
Total (95% CI) 213 212 100.0%
Total events 86 47

Heterogeneity: Tau? = 0.13; Chi# = 12.67,df =8 (P = 0.12); I*=37%
Test for overall effect: Z = 2.75 (P = 0.006)

Test for subaroup differences: Chi? = 0.12. df =1 (P = 0.73). I = 0%

Figure S5 Forest graph showing the risk ratios of clinical remission rates between FMT-treated and control groups with subgroup analyses

based on total dosage. FMT, fecal microbial transplant.

FMT Control
r I Events Total Events Total Weigh!

Placebo

Haifer 2022 1 15 5 20 18.7%
Pai 2021 5 12 4 12 12.3%
Crothers 2021 2, 6 0 6 1.8%
Paramsothy 2017 18 41 8 40 23.5%
Moayyedi 2015 9 38 2 37 6.6%
Subtotal (95% Cl) 112 115 62.9%
Total events 45 19

Heterogeneity: Tau? = 0.00; Chi? = 2.74, df =4 (P = 0.60); 1= 0%
Test for overall effect: Z = 3.74 (P = 0.0002)

Autologous FMT

Costello 2019 18 38 6 35 19.3%
Rossen 2015 7 23 8 25 17.8%
Subtotal (95% CI) 61 60 37.1%
Total events 25 14

Heterogeneity: Tau? = 0.40; Chi? = 3.27, df = 1 (P = 0.07); = 69%
Test for overall effect: Z=0.92 (P = 0.36)

Total (95% CI) 173 175 100.0%
Total events 70 33

Heterogeneity: Tau® = 0.03; Chi? = 6.85, df =6 (P = 0.33); 1= 12%
Test for overall effect: Z = 3.69 (P = 0.0002)

Test for subaroup differences: Chi> = 0.39. df = 1 (P = 0.53). P = 0%

Figure S6 Forest graph showing the risk ratios of clinical remission rates between FMT-treated and control patients with subgroup analyses

based on control treatments. FMT, fecal microbial transplant.
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FMT Control Risk Ratio Risk Ratio

_Study or Subgroup _ Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
FMT via lower gastrointestinal tract
Sarbagili 2022 3 19 4 15 256%  0.59[0.16, 2.25] ——
Bfezina 2021 3 21 3 22 168%  1.05[0.24, 4.62] —
Costello 2019 4 38 0 35 3.0% 8.31[0.46, 148.95]
Paramsothy 2017 5 41 3 40 174%  1.63[0.42, 6.36] —
Moayyedi 2015 9 38 2 37 116%  4.38[1.01,18.94] —
Subtotal (95% CI) 157 149  74.3%  1.84[0.97, 3.48] <
Total events 24 12

Heterogeneity: Chi? = 5.75, df = 4 (P = 0.22); I* = 30%
Test for overall effect: Z = 1.87 (P = 0.06)

FMT via upper gastrointestinal tract

Haifer 2022 7 15 3 20 147%  3.11[0.96, 10.08] =
Rossen 2015 2 23 2 25 11.0% 1.09[0.17, 7.10] = Al
Subtotal (95% CI) 38 45 25.7% 2.25 [0.85, 5.92] s
Total events 9 5

Heterogeneity: Chi? = 0.87,df =1 (P = 0.35); I?=0%
Test for overall effect: Z = 1.64 (P = 0.10)

Total (95% CI) 195 194 100.0% 1.94 [1.14, 3.31] <>
Total events 33 17

Heterogeneity: Chi? = 6.92, df =6 (P = 0.33); 1= 13%

Test for overall effect: Z = 2.44 (P = 0.01)

Test for subaroun differences: Chi?=0.12. df =1 (P = 0.73). P = 0%
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Figure S7 Forest graph showing the risk ratios of endoscopic remission rates between FMT-treated and control patients with subgroup

analyses based on the delivery route of FMT. FMT, fecal microbial transplant.

FMT Control Risk Ratio Risk Ratio
_Study or Subgroup  Events Total Events Total Weight M-H, Fixed. 95% Cl M-H, Fixed, 95% C
Multiple donors
Costello 2019 4 38 0 35 3.0% 8.31[0.46, 148.95] ]
Paramsothy 2017 5 41 3 40 17.4% 1.63[0.42, 6.36] N
Subtotal (95% CI) 79 75 20.4% 2.60 [0.79, 8.55] -
Total events 9 3

Heterogeneity: Chi* = 1.08, df =1 (P =0.30); I*=7%
Test for overall effect: Z = 1.58 (P = 0.11)

Single donor

Haifer 2022 7 15 3 20 14.7% 3.11[0.96, 10.08]  ®
Sarbagili 2022 3 19 4 15  25.6% 0.59[0.16, 2.25] =

Brezina 2021 3 24 3 22 16.8% 1.05[0.24, 4.62]

Rossen 2015 2 23 2 25 11.0% 1.09[0.17,7.10] - T
Moayyedi 2015 9 38 2 37 11.6% 4.38 [1.01, 18.94] = =
Subtotal (95% CI) 116 119 79.6% 1.77 [0.98, 3.22] o

Total events 24 14

Heterogeneity: Chi? = 5.68, df =4 (P = 0.22); I?=30%
Test for overall effect: Z =1.88 (P = 0.06)

Total (95% Cl) 195 194 100.0%  1.94[1.14,3.31] <&
Total events 33 17

Heterogeneity: Chi? = 6.92, df =6 (P = 0.33); 12=13%

Test for overall effect: Z =2.44 (P = 0.01)

Test for subaroup differences: Chiz = 0.32. df =1 (P = 0.57). I = 0%
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Figure S8 Forest graph showing risk ratios of endoscopic remission rates between FMT-treated and control patients with subgroup analyses
based on the type of donor. FMT, fecal microbial transplant.
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FMT Control Risk Ratio Risk Ratio

_Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed.95%Cl
Preantibiotic treatment
Haifer 2022 7 15 3 20 14.7% 3.11[0.96, 10.08] = =
Rossen 2015 2 23 2 25 11.0% 1.09[0.17, 7.10] A
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Figure S9 Forest graph showing the risk ratios of endoscopic remission rates between FMT-treated and control patients with subgroup

analyses based on the antibiotic pretreatment. FMT, fecal microbial transplant.

FMT Control Risk Ratio Risk Ratio

_Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95%Cl

FMT with larger dosage(>=300g)

Brezina 2021 3 21 3 22 147% 1.05 [0.24, 4.62] N .

Paramsothy 2017 5 41 3 40 17.0% 1.63 [0.42, 6.36] —1r

Moayyedi 2015 9 38 2 37 15.0% 4.38[1.01, 18.94] = T

Subtotal (95% Cl) 100 99  46.7% 1.95 [0.85, 4.46] I e

Total events 17 8

Heterogeneity: Tau? = 0.00; Chi? = 1.95, df = 2 (P = 0.38); I = 0%

Test for overall effect: Z = 1.58 (P = 0.11)

FMT with smaller dosage(<300g)

Haifer 2022 i’ 15 3 20 21.7% 3.11[0.96, 10.08] =

Sarbagili 2022 3 19 4 15 17.6% 0.59 [0.16, 2.25] e

Costello 2019 4 38 0 35 43% 8.31[0.46, 148.95]

Rossen 2015 2 23 2 25  97% 1.09 [0.17, 7.10] S

Subtotal (95% CI) 95 95  53.3% 1.63 [0.58, 4.64] -

Total events 16 9

Heterogeneity: Tau® = 0.42; Chi* = 4.85, df = 3 (P = 0.18); 1> = 38%

Test for overall effect: Z = 0.92 (P = 0.36)

Total (95% Cl) 195 194 100.0% 1.76 [0.95, 3.25] <

Total events 33 17 .

Heterogeneity: Tau? = 0.09; Chi? =6.92, df = 6 (P = 0.33); I?=13%
Test for overall effect: Z = 1.81 (P = 0.07)
Test for subaroup differences: Chi? = 0.07. df = 1 (P = 0.80). I’ = 0%

0.01 0.1 1 10 100
Favours [control] Favours [FMT]

Figure S10 Forest graph showing risk ratios of endoscopic remission rates between FMT-treated and control patients with subgroup analy-
ses based on the total dosage. FMT, fecal microbial transplant.
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Figure S11 Forest graph showing the risk ratios of endoscopic remission rates between FMT-treated and control patients with subgroup

analyses based on control treatments. FMT, fecal microbial transplant.
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