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Background: Fecal microbiota transplantation (FMT) has been investigated as a treatment option for patients with inflammatory bowel disease
with controversial results.

We sought to perform a systematic review and meta-analysis to evaluate the benefit of FMT in patients with ulcerative colitis.

Methods: Double-blind randomized controlled trials (RCTs) including adult patients with active ulcerative colitis who received either FMT or pla-
cebo were eligible for inclusion. Outcomes of interest included the rate of combined clinical and endoscopic remission, endoscopic remission or

response, clinical remission or response, and specific adverse events. The results were pooled together using Reviewer Manager 5.4 software.
Publication bias was assessed using the Egger's test.

Results: Six RCTs involving 324 patients were included. Our findings demonstrate that compared with placebo, FMT has significant benefit in
inducing combined clinical and endoscopic remission (odds ratio, 4.11; 95% confidence interval, 2.19-7.72; P < .0001). Subgroup analyses of
influencing factors showed no differences between pooled or single stool donors (P = .71), fresh or frozen FMT (P = .35), and different routes
or frequencies of delivery (P = .80 and .48, respectively). Pre-FMT antibiotics, bowel lavage, concomitant biologic therapy, and topical rectal
therapy did not affect combined remission rates (P values of .47 .38, .28, and .40, respectively). Clinical remission or response and endoscopic
remission or response were significantly higher in patients who received FMT compared with placebo (P < .05) without any differences in se-
rious or specific adverse events.

Conclusions: FMT demonstrated a clinical and endoscopic benefit in the short-term treatment of active ulcerative colitis, with a comparable
safety profile to placebo. Future RCTs are required to standardize study protocols and examine data on maintenance therapy.

Lay Summary

Our systematic review of double-blind randomized controlled trials demonstrates that fecal microbiota transplantation is effective in inducing
short-term clinical and endoscopic remission in adult patients with active ulcerative colitis and with a similar safety profile as compared with
placebo.
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Introduction that is influenced by genetic susceptibility and environmental
factors.? There is increasing evidence implicating the colonic
microbiome in the pathogenesis of UC, with luminal bacterial
antigens leading to immune cell activation.? Several studies
have noted a shift toward a higher proportion of potentially
proinflammatory bacteria in patients with IBD compared
with patients without IBD.**

Ulcerative colitis (UC) is a subtype of inflammatory bowel
disease (IBD) and has a chronic relapsing and remitting
course. The pathogenesis of UC is not entirely understood,
but is recognized as an abnormal activation of the gastro-
intestinal (GI) immune system against the gut microbiota
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Current therapeutic strategies aim at inhibiting the
overactivated immune system while discounting the potential
effect of modifying the luminal microbial environment on dis-
ease remission. Conventional immunosuppressive treatments
and biologic drugs only work in a subset of patients, and their
use is limited by cost and by potentially severe adverse events
such as allergy, intolerance, serious infections, anti-drug anti-
body formation, and increased risk of malignancy.®?

Fecal microbiota transplantation (FMT) refers to the trans-
plantation of fecal bacteria from healthy donors into patients
to introduce or re-establish a physiologic microbiome in the
gut. FMT is currently recommended in guidelines for treating
recurrent Clostridioides difficile infection (CDI).'%'2 Although
the pathogenesis of UC is different, FMT could serve as a
therapeutic strategy as it may alter the colonic ecosystem, po-
tentially by decreasing antigenic drivers of inflammation, and
restoring the appropriate host-microbiota crosstalk.

Costello et al'3 conducted a systematic review and meta-
analysis of cohort studies and randomized clinical trials
(RCTs) to better understand the safety and efficacy of FMT
in UC patients Since that systematic review, there has been an
increase in our understanding of FMT, and additional RCTs
investigating this topic have been published.'*?! With this,
the aim of our study was to conduct a systematic review and
meta-analysis of only double-blind placebo-controlled RCTs
to determine the efficacy and safety of FMT in inducing clin-
ical and endoscopic remission or response in adult patients
with UC.

Methods

Ethical Considerations

The study did not require any institutional board review as
our analysis was performed on the basis of deidentified data
from previously published studies.

Selection Criteria
To determine our study selection criteria, we relied on PICOS,
which is a mnemonic derived from evidence-based practice
to frame and answer a clinical or healthcare-related question.
The elements of our PICOS are the following: (1) popula-
tion (adult patients who carry a diagnosis of active UC); (2)
intervention group (FMT); (3) control group (placebo); (4)
outcomes (rates of combined clinical and endoscopic remis-
sion [CER], clinical remission, endoscopic remission, clinical
response, endoscopic response, serious adverse events [SAEs],
worsening colitis, colectomy, and CDI); and (5) study type
(only double-blind RCTs that compared FMT vs placebo).
Exclusion criteria included non-RCTs and studies involving
patients with Crohn’s disease and the pediatric population.

Literature Search and Study Selection

Two investigators (N.E. and S.G.) independently performed
a comprehensive literature search about this topic from in-
ception in December 2021. The search was in accordance
with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines and involved mul-
tiple databases: MEDLINE/PubMed, Cochrane databases,
and Embase. Details of search terminology were as follows:
Ulcerative Colitis [All Fields] AND (“Fecal Microbiota
Transplantation” [All Fields] OR “FMT” [All Fields] OR

“Faecal Transplant” [All Fields] OR “Donor Fecal Transplant
[All Fields]”). Additional potential studies included abstracts
from major national or international conference meetings
(American College of Gastroenterology, Digestive Disease
Week, United European Gastroenterology Week) in the period
extending from 2010 until 2021. Only studies written in
English were included. After completing the literature search,
the investigators obtained the full-text version of the studies
selected. Then, they independently reviewed the full text ar-
ticles for eligibility. Any disagreement was settled by a third
independent investigator (S.S.).

Data Extraction and Study Endpoints

The outcomes of interest were specified prior to conducting
the study. The same investigators extracted the data, which
included patient demographics, study protocol, inclusion, and
exclusion criteria. Outcomes of interest were grouped into
different endpoints. The primary endpoint of the study was
the rate of combined CER in adult patients with active UC
receiving either FMT or placebo. Secondary endpoints were
the rates of clinical remission, clinical response, endoscopic
remission, and endoscopic response. Additional parameters
were the rates of specific adverse events, SAEs including
worsening colitis, colectomy, and CDI.

Study Quality Assessment

Two authors (N.E. and S.G.) independently assessed the risk
of bias and graded the quality of evidence for each included
study by using the Cochrane Collaboration’s Risk of Bias tool
(RevMan version 5.4; the Cochrane Collaboration, London,
United Kingdom). Any disagreement was discussed in depth
with the senior author (J.G.H.). The Cochrane Risk of Bias
instruments evaluate the methodology of each eligible study
by assessing for possible selection, performance, detection,
attrition, reporting, and any other type of bias including
confounding. Each domain is labeled as high risk, unclear
risk, or low risk depending on the assessment criteria.

Statistical Analysis

All analyses were performed using RevMan version 5.4. The
data retrieved from each included study were based on the in-
tention or modified intention-to-treat analysis to preserve the
benefits of randomization and draw accurate conclusions.??
The pooled effect was expressed as odds ratio (OR) with
95% confidence intervals (Cls) for dichotomous variables.
We qualitatively evaluated heterogeneity across studies using
Cochrane’s Q statistic with P value. The degree of heteroge-
neity was quantified using the I? statistic, which is defined as
the degree of variation that can be explained by heterogeneity.
An P value of more than 50% or a P value <.10 indicates
that the pooled estimates of the various included studies were
considered to be impaired by heterogeneity. An I*> value of
<50% and a P value >.10 reflect a homogeneous nature of
the studies. Each separate outcome analysis was performed
via a random-model based on Mantel-Haenszel statistical
approach according to the clinical characteristic and meth-
odology of eligible studies pooled. Sensitivity analyses were
performed by eliminating select RCTs to determine whether
a specific t-variable affected the outcomes from our pooled
analysis. Subgroup analyses were conducted to compare the
combined CER rate in the FMT and placebo groups based on
the mode, frequency, route of FMT delivery, number of stool
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Table 1. Definition of Various Study Endpoints

El Hage Chehade et al

Study Primary Endpoint

Secondary Endpoints

Combined Clinical and Endoscopic Response

Clinical Response Endoscopic Response

Clinical Remission Endoscopic Remission

Moayyedi et al, 2015'*  Total Mayo score <2 AND

Endoscopic Mayo subscore = 0

SCCAI <2 AND
Endoscopic Mayo subscore reduction by >1

Rossen et al, 2015%°

Paramsothy et al, 2017'¢  Total Mayo score <2 AND

Endoscopic Mayo subscore <1 AND
Endoscopic Mayo subscore reduction by >1
Total Mayo score <2 AND

Endoscopic Mayo subscore <1

Modified Mayo score <2 AND
Endoscopic Mayo subscore <1

Total Mayo score <2 AND
Endoscopic Mayo subscore <1 AND
Endoscopic Mayo subscore reduction by >1

Costello et al, 20197

Crothers et al, 2021"

Haifer et al, 20212

Mayo score reduction by >3 Not reported

Not reported Endoscopic Mayo subscore = 0
SCCAI reduction by >1.5
SCCAI<2

Mayo score reduction by >3

Endoscopic Mayo score reduction by >1
Not reported
Endoscopic Mayo subscore < 1

Mayo subscores <1 Endoscopic Mayo score = 0

Mayo score reduction by >3 Not reported
SCCAI<2

Mayo score reduction by >3

Endoscopic Mayo subscore = 0
Not reported
Not reported Not reported

Mayo score reduction by >3 UCEIS reduction by >3

Mayo subscores < 1 UCEIS< 1

Abbreviations: SCCAL Simple Clinical Colitis Activity Index; UCEIS, Ulcerative Colitis Endoscopic Index Score.

donors, pre-FMT treatment with antibiotics or bowel lavage,
and concomitant use of biologic or topical rectal therapy.
Egger’s test was used to assess for potential publication bias
and visually by funnel plot asymmetry.

Results

Identification and Selection of RCTs

During the initial search stage, we identified 1683 citations.
After removal of duplicates, we further assessed the full text
or abstract of the 720 remaining potentially appropriate arti-
cles. Studies that were excluded were systematic reviews, non-
RCTs including case series, case reports, retrospective studies,
reviews, or not IBD or UC related. Of the remaining 29 studies,
23 studies were excluded because they were prepublished
manuscript abstracts (n = 2), were non-RCTs (n = 10),
enrolled children with active UC (n = 10), or investigated data
on maintenance of remission in adult patients with active UC
(n = 1)." We finally incorporated 6 eligible studies into our
pooled analysis.'*!712! Supplementary Figure 1 represents an
algorithm demonstrating article search and selection for in-
clusion in our systematic review and meta-analysis.

Study Details

Among the 6 studies included in our final analysis, 3 were
conducted in Australia, 2 were conducted in North America,
and 1 was conducted in Europe. The years of publication
spanned from 2015 to 2021. In 2 RCTs, autologous feces were
used as placebo!>!” while the rest used either water enema,
saline enema, or sham capsules. Only the studies conducted
by Haifer et al?' and Crothers et al'” administered pre-FMT
oral antibiotics to both study groups. The RCTs conducted by
Rossen et al'® and Paramsothy et al'® excluded patients on bi-
ological therapy. Disease severity enrollment criteria were de-
termined using the total Mayo clinic score except in one study
conducted by Rossen et al,'* which used the Simple Clinical

Colitis Activity Index. The time from study protocol initiation
to initial follow-up at the induction phase ranged between 7
and 12 weeks. In relation to the frequency of FMT delivery,
no prior study determined the optimal FMT interval dosing
in adult patients with active UC. Among the studies included
in our analysis, the authors described their dosing regimens as
intensive vs not. By compiling data from these studies, we de-
fined an intensive regimen as FMT delivery that occurs more
than once weekly. While a less intense regimen was defined as
FMT delivery that occurs no more than once weekly. In the
studies included in our review, the mode of FMT delivery was
classified as upper GI tract (through nasoduodenal infusions
or capsules) or lower GI tract (through colonoscopic infusions
or enemas). Table 1 represents the definitions of the primary
and main secondary endpoints adopted in each included
RCT. It should be noted that no clear definition for SAEs was
adopted by any of the included studies. Table 2 highlights
various study protocol-related properties such as the mode
(lower vs upper GI tract), type (fresh vs frozen), frequency of
FMT delivery, and the type of feces donor (single vs pooled).
Supplementary Table 1 is a narrative description of the inclu-
sion and exclusion criteria adopted by each study included in
our systematic review.

Baseline demographics of patients included in the FMT
and placebo arm across all RCTs were similar in age, sex,
ethnicity, and smoking status except in the study conducted
by Moayyedi et al,'* in which the placebo group included
younger patients and more males as compared with the FMT
group. The mean total Mayo clinic score, disease extent, use
of concomitant drugs, and inflammatory markers were sim-
ilar between both arms in all included studies. These findings
are summarized in Table 3.

Quality Assessment of Included Studies

We evaluated the risk of bias for each eligible study by using
the Cochrane Risk of Bias tool previously detailed in the
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Table 2. Study Protocol of Randomized Controlled Trials Included in the Systematic Review and Meta-Analysis

Moayyedi et al, Rossen et al, 2015  Paramsothy Costello et al, Crothers et al, Haifer et al,
20154 et al, 20171 20197 2021Y 20212
Country Canada The Netherlands Australia Australia United States Australia
Placebo Water enema Autologous feces Saline enema Autologous Sham capsule ~ Sham capsule
feces
Disease severity enrollment criteria Mayo score 24  SCCAI score 4-11 Mayo score Mayo score Mayo score Mayo score
4-10 3-10 4-10 4-10
Concomitant biologic therapy Allowed Not Allowed Not Allowed Allowed Allowed Allowed
Mode and frequency of FMT delivery Enema (x6) Nasoduodenal Colonoscopic  Colonoscopic  Colonoscopic ~ Capsule
infusion (x2) infusion (x1) infusion (x1)  infusion (x1) (x56)
Enema (x40) Enema (x2)  Capsule (x84)
FMT preparation Fresh and Fresh Frozen Frozen Frozen Frozen
frozen
Stool processing Aerobic Aerobic Aerobic Anaerobic Aerobic Aerobic
Number of donors Single Single Pooled Pooled Single Single
Pre-FMT antibiotics None None None None Administered ~ Administered
Pre-FMT bowel lavage Not performed Performed Performed Performed Not performed Not
performed
Duration to follow-up 7 wk 12 wk 8 wk 8 wk 12 wk 8 wk

Abbreviations: FMT, fecal microbiota transplantation; SCCAIL Simple Clinical Colitis Activity Index.

Methods. Supplementary Figure 2 represents a comprehen-
sive assessment of risk of bias in each study included in our
meta-analysis. All included studies performed blinding to both
patients and gastroenterologists. The randomization process
and random sequence generation using computer-based ran-
domization algorithms, random number table, or stratified
randomization was also detailed in all articles except in Rossen
et al.'’" In terms of attrition bias, all studies reported partici-
pant dropout and withdrawal owing to either adverse events
or noncompliance with the study protocols.!*71%2! Reasons
behind dropout to decrease the risk of attrition bias were re-
ported by all articles. Confounding bias may be present in
some of the included RCTs. Crothers et al'® excluded studies
who were receiving concomitant corticosteroids. Moayyedi et
al'* indicated that their results may be skewed, as patients
on biologic therapy had greater benefit from FMT compared
with the nonbiologic subgroups. In the studies conducted by
Moayyedi et al'* and Haifer et al,*' there was also a concern
for donor dependence, as treatment successes were mostly as-
sociated with one donor vs others. Overall, included studies
were moderate to high in terms of design quality.

Combined Clinical and Endoscopic Remission

Eight studies involving 324 patients evaluated the rate of
combined CER in adult patients with active UC who either
received FMT or placebo. Our results showed that 30.43%
(n = 49 of 161) of patients in the FMT group achieved
combined CER as compared with 9.82% (n = 16 of 163) of
patients in the placebo group (OR, 4.11; 95% CI, 2.19-7.72;
P <.00001; I> = 0%) (Figure 1).

We performed a sensitivity analysis by eliminating the
study by Crothers et al,'"” in which patients receiving con-
comitant glucocorticoids were excluded at enrollment. Our
results demonstrate that FMT still achieved higher rates of
combined CER as compared with placebo in adult patients
with UC even if they received corticosteroids (OR, 4.02; 95%
CL, 2.12-7.64; P < .0001) (Supplementary Figure 3). Another

sensitivity analysis was carried out by eliminating RCTs that
excluded UC patients whose disease extent was only limited
to proctitis.'®'?' Our findings also demonstrated superi-
ority of FMT as compared with placebo in terms of the rate
of combined CER in patients with active UC, irrespective
of disease extent (OR, 3.40; 95% CI, 1.50-7.70; P = .003)
(Supplementary Figure 4).

Despite the small sample size of included studies, we
conducted multiple subgroup analyses given the variability of
the study protocols. The results are summarized in Table 4
and presented in Supplementary Figures 14 through 21. Our
results showed that pooled or single stool donors, intensive
or less intensive FMT delivery regimens, delivery through the
upper or lower GI tract, and fresh or frozen FMT led to sim-
ilar outcomes in relation to the effect of FMT in inducing
combined CER as compared with placebo. The tests for
subgroup differences were not statistically significant, with
P values of .71, .48, .80, and .35, respectively. In addition,
whether the patients were receiving concomitant biologic
therapy, topical rectal therapy, or not, FMT led to signifi-
cantly higher rates of combined CER in the FMT group as
compared with placebo. The corresponding tests for sub-
group differences were not statistically significant, with
P values of .28 and .40, respectively. The rate of combined CER
was also similar in patients who received pre-FMT antibiotics
or not. The test for subgroup differences was also not statis-
tically significant for this outcome (P = .47). Similarly, pre-
FMT bowel lavage did not affect the rates of combined CER
between the FMT and placebo groups (P = .38). All subgroup
analyses showed that the studies were homogeneous with an
I? of <50%.

Clinical Remission and Response

Four studies evaluated the rate of clinical remission, while 6
studies assessed the rate of clinical response in patients with
active UC who received FMT vs placebo. In the pooled anal-
ysis, there was a statistically significant difference between
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Table 3. Characteristics of Studies Included in the Pooled Analysis

El Hage Chehade et al

Moayyedi et al, Rossen et al, Paramsothy et al, Costello et al, Crothers et al, Haifer et al,

2015 2015 20171 20197 2021% 2021

FMT Placecbo FMT  Placecbo FMT  Placecbo FMT  Placcbo FMT  Placecbo FMT  Placebo
Demographics
Sample size, n 38 37 23 25 41 40 38 35 6 6 15 20
Age,y 42.2: 35.8° 40.0 41.0 35.6 35.4 38.5 35.0 41.0 52.0 371 36.7
Male, % 47.0° 70.0° 47.8  44.0 54.0 63.0 53.0 57.0 67.0 50.0 60.0 45.0
White ethnic origin, % 95.0 78.9 NR NR 66.0 68.0 NR NR NR NR NR NR
Smoker, % 50.0 43.0 NR NR 44.0 47.0 NR NR NR NR 40.0 40.0
Duration of disease, y 7.9 7.0 7.0 9.0 5.8 5.8 4.9 5.8 8.9 9.8 5.0 4.0
UC scoring systems
Mean total Mayo score 8.24 7.86 NR NR 8.0 8.0 7.2 7.4 6.3 6.7 5.0 7.0
Mean IBDQ score 130.3 134.4 NR NR 123.0 119.0 NR NR 142.8 120.2 NR NR
Disease extent
Proctitis, % NR NR 4.4 0.0 10.0 20.0 NR NR NR NR 7.0 5.0
Left-sided colitis, % NR NR 65.2  44.0 68.0 50.0 61.0 63.0 NR NR 73.0 70.0
Pancolitis, % NR NR 30.4  56.0 22.0 30.0 NR NR NR NR 20.0 25.0
Concomitant drugs
Mesalamine, % 55.0 54.0 65.2  60.0 63.0 70.0 87.0 69.0 NR NR 73.0 85.0
Anti-TNE, % 5.0 2.0 NA NA NA NA 8.0 11.0 33 17 7.0 0.0
Immunosuppressants, % 29.0 16.0 304 32.0 49.0 38.0 37.0 43.0 NR NR 27.0 10.0
Glucocorticoids, % 39.0 35.0 21.7  20.0 22.0 28.0 21.0 31.0 NA NA 7.0 15.0
Laboratory tests
Fecal calprotectin, pg/g NR NR NR NR 705 505 566.5 774 573 408 747.0  597.0
ESR, mm/h 18.9 21.1 NR NR 14.0 10.1 NR NR NR NR NR NR
CRP, mg/L 10.6 7.2 NR NR 2.6 2.9 2.8 2.3 NR NR 0.9 2.1

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IBD-Q, Inflammatory Bowel Disease Questionnaire; NA, not applicable; NR,

not reported; TNF, tumor necrosis factor; UC, ulcerative colitis.

“Refers to variables with significant differences between the fecal microbiota transplantation and placebo groups.

FMT Placebo Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Crothers et al. 2021 2 6 0 6 3.7% 7.22[0.28, 189.19] 2021 >
Haifer et al. 2021 8 15 3 20 15.7% 6.48 [1.32, 31.83] 2021 e —
Costello et al. 2019 12 38 3 35 21.3% 4.92 [1.25, 19.31] 2019 .
Paramsothy et al. 2017 11 41 3 40 21.3% 4.52 [1.16,17.70] 2017 I E—
Moayyedi et al. 2015 9 38 2 37 15.3% 5.43 [1.09, 27.15] 2015 —
Rossen et al. 2015 7 23 5 25 22.7% 1.75[0.47,6.57] 2015 e E—
Total (95% CI) 161 163 100.0% 4.11 [2.19, 7.72] o
Total events 49 16

e e 2 _ . 2 —_ —_ 12 } | | |
Heterogeneity: Tau’ = 0.00; Chi* = 2.23,df =5 (P = 0.82); I’ = 0% o1 o1 10 100

Test for overall effect: Z = 4.40 (P < 0.0001)

Favours placebo Favours FMT

Figure 1. Forest plot comparing the rate of combined clinical and endoscopic remission in adult patients with active ulcerative colitis receiving fecal
microbiota transplantation (FMT) vs placebo. Cl, confidence interval; M-H, Mantel-Haenszel.

the FMT and placebo groups in inducing clinical remission
(OR, 3.06; 95% CI, 1.35-6.89; P = .007), and clinical re-
sponse (OR, 2.60; 95% CI, 1.54-4.40; P = .0004) (Table 5).

Endoscopic Remission and Response

Four studies evaluated the rate of endoscopic remission in
adult patients with active UC who received either FMT or
placebo. In the pooled analysis, there was a statistically sig-
nificant difference between the FMT and placebo groups in
inducing endoscopic remission (OR, 3.78; 95% CI, 1.59-8.97;

P = .003). Similarly, 3 studies evaluated endoscopic response
rates in both groups. In the pooled analysis, 36.7% of patients
in the FMT group achieved endoscopic response as compared
with 22.35% of patients in the placebo group. The results
were also statistically significant (OR, 2.17; 95% CI, 1.05-
4.50; P = .04) (Table 5).

Complications and Adverse Events

All included studies evaluated the rate of SAEs in adult
patients with active UC who received either FMT or pla-
cebo. Our results suggest that 8.07% of patients in the FMT
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Table 4. Subgroup Analyses of Influencing Factors Affecting the Rate of Combined Clinical and Endoscopic Remission in Patients With Active Ulcerative

Colitis Treated With FMT vs Placebo

Variable Subgroup Studies OR (95% CI) P Value Test for Subgroup Differences I> (%) (P Value)

Mode of delivery Upper GI tract 2 3.11 (0.87-11.12) .08 0 (.80)
Lower GI tract 3 4.90 (2.14-11.21) .0002
Upper and lower 1 7.22 (0.28-189.19) 24
GI tract

Donor type Pooled 2 4.72 (1.80-12.39) .002 0(.71)
Single 4 3.71 (1.61-8.52) .002

Delivery frequency Intensive 3 5.42(2.02,14.55) .0008 0(.48)
Less Intensive 3 3.40 (1.50-7.70) .003

FMT type Frozen 4 5.24 (2.35-11.68) <.0001 3.5 (.39)
Fresh 1 1.75 (0.47-6.57) 41
Fresh and frozen 1 5.43 (1.09-27.15) .04

Concomitant biologic ~ Allowed 4 5.60(2.41-13.01) <.0001 15.3 (.28)

therapy Not allowed 2 2.77 (1.07-7.16) 04

Concomitant topical Allowed 3 3.10 (1.24-7.72) .02 0 (.40)

rectal therapy Not allowed 3 5.31(2.22-12.70) .0002

Pre-FMT antibiotics Administered 2 6.61 (1.58-27.67) .01 0 (.47)
Not administered 4 3.67 (1.82-7.39) .0003

Pre-FMT bowel lavage  Performed 3 3.34 (1.53-7.29) .002 0(.38)
Not performed 3 6.06 (2.08-17.66) .001

Abbreviations: CI, confidence interval; FMT, fecal microbiota transplantation; GI, gastrointestinal; OR, odds ratio.

Table 5. Data Summary of Specific Adverse Events in Patients With Active Ulcerative Colitis Receiving FMT vs Placebo

Outcomes Studies Rate OR (95% CI) P-value (P)
FMT Placebo

Clinical remission 4 46.15% 22.50% 3.06 (1.35-6.89) .007 (47%)

Clinical response 6 51.55% 30.06% 2.60 (1.54-4.40) .0004 (16%)

Endoscopic remission 4 18.94% 6.06% 3.78 (1.59-8.97) .003 (0%)

Endoscopic response 3 36.70% 22.35% 2.17 (1.05-4.50) .04 (0%)

Abbreviations: CI, confidence interval; FMT, fecal microbiota transplantation; OR, odds ratio.

group developed SAEs compared with 6.13% of patients in
the placebo group (OR, 1.38; 95% CI, 0.58-3.30; P = .46)
(Table 6).

In terms of specific adverse events, there were similar
rates of worsening colitis (OR, 0.89; 95% CI, 0.26-3.035),
colectomy (OR, 1.39; 95% CI, 0.22-8.99), and CDI (OR,
4.27; 95% CI, 0.45-40.64) between the FMT and placebo
groups, with P values of .85, .73, and .21, respectively
(Table 6).

Publication Bias

Publication bias was not identified, as the Egger’s test, which
assesses funnel plot asymmetry via linear regression, suggested
no small study effect (P = .42). Supplementary Figure 5
represents the funnel plot generated in the meta-analysis
investigating the rate of combined CER in adult patients with
active UC treated with FMT vs placebo. The grade of evi-
dence for each individual endpoint was moderate given the
use of only categorical dichotomous data.

Discussion

In our pooled analysis, we demonstrated that FMT was sig-
nificantly more effective than placebo in inducing short-term
clinical and endoscopic response in adult patients with active
UC and with a similar safety profile. This benefit appears to
be present despite variation in stool processing, delivery, and
study protocols. FMT is a promising therapeutic intervention
for UC patients with active disease with a primary goal to
achieve outcomes of intestinal microbial restoration.?

The pathogenesis of UC is complex and is linked to
dysbiosis of the intestinal microbiota, which promotes the
development of an intestinal inflammatory response.?* The
release of bacterial enterotoxins may increase intestinal per-
meability and damage the intestinal mucosal barriers.”” The
microbiome in patients with UC is altered as compared with
the healthy population and is thought to be secondary to a
decrease in gram-positive Firmicutes especially Clostridium
clusters IV and XIVa and an abundance of other species
in the Proteobacteria group, particularly, Escherichia coli
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Table 6. Data Summary of SAEs and Specific Adverse Events in Patients With Active Ulcerative Colitis Receiving FMT vs Placebo

Adverse Event Studies Rate OR (95% CI) P Value (P)
FMT Placebo

SAEs 6 8.07% 6.13% 1.38 (0.58-3.30) 46 (0%)

Worsening colitis N 3.62% 4.35% 0.89 (0.26-3.05) .85 (0%)

Colectomy 4 1.52% 0.75% 1.39 (0.22-8.99) 73 (0%)

CDI 2 6.00% 0.00% 4.27 (0.45-40.64) 21 (0%)

Abbreviations: CDI, Clostridioides difficile infection; CI, confidence interval; FMT, fecal microbiota transplantation; OR, odds ratio; SAE, serious adverse

events.

and Enterobacteriaceae.”® Other bacteria have also been
implicated in UC including a decreased in the butyrate-
producing Faecalibacterium prausnitzii with anti-inflam-
matory properties and mucosal-associated Ruminococcus
species that have possible roles in promoting mucus barrier
integrity.”® A cross-sectional study conducted by Varela et
al?” suggested that the rate of E prausnitzii was significantly
increased in the remission period of UC, indicating that it may
play a vital role in the treatment of UC.

Previous studies have shown that FMT therapy could re-
duce intestinal inflammation, which potentially translates
into an improved clinical and endoscopic response. Jacob et
al?® conducted an open-label pilot study assessing the efficacy
of microbial engraftment of single FMT delivery by colon-
oscopy for patients with active UC using a 2-donor FMT.
Their results suggest a significant reduction in the levels of
the proinflammatory cytokine interferon-y and regulatory
T cells at 4-weeks post-FMT compared with at the time of
transplantation. Similarly, Crothers et al' highlighted the
potential effect of FMT in dampening the inflammatory re-
sponse in patients with active UC. In their study, longitudinal
phenotyping of peripheral blood T cells showed that the level
of mucosal-associated invariant T cells remained suppressed
through week 8 in FMT responders then returned to baseline
by week 12. However, the study was underpowered due to
small sample size and insufficient to assess the statistical sig-
nificance of these observed changes."”

The studies included in our article indicate that there is
a shift in the microbiota composition of responders in the
FMT group to resemble the profile of healthy donors.!*!s
One can hypothesize that the restoration of microbial flora
is responsible for reducing inflammation, hence inducing
short-term clinical and endoscopic response. For instance,
in their study, Rossen et al'® demonstrated the similarity be-
tween the microbiota profile in FMT responders and healthy
donors. This shift was mainly attributed to the regain of
Clostridium clusters IV, XIVa, and XVIII and reduction in
Bacteroidetes. Moayyedi et al'* found an enrichment for the
genera Ruminococcus in a particular donor which was as-
sociated with most cases of remission. Crothers et al' also
demonstrated that FMT led to community-level changes in
the gut microbiota, creating measurable similarity between
FMT subjects and their corresponding donors. However, it
should be noted that Costello et al'” did not identify signif-
icant changes from baseline in stool concentrations of bu-
tyrate and other short-chain fatty acids.

Both the upper and lower GI tracts were equally effective
at inducing combined remission as compared with placebo.
It should be noted that our findings are not in concordance

with a previously published systematic review about the use
of FMT for the treatment of CDI, which demonstrated that
colonoscopic delivery had higher rates of success than other
methods of delivery.?® A possible explanation for the discrep-
ancy between our findings and this systematic review can
be attributed to the small sample size and limited number
of studies about this topic, which may have underpowered
our findings. Further, our findings must be interpreted with
caution since both nasoduodenal infusion and capsules were
both subgrouped under delivery through the upper GI tract.
More studies using FMT capsules are needed to further assess
their efficacy at inducing clinical and endoscopic remission in
patients with active UC. By facilitating daily administration
and potentially allowing for more consistent microbiota en-
graftment, encapsulated therapy may be superior to the more
invasive episodic per rectal FMT therapy.?! Furthermore,
lyophilized oral FMT is well tolerated, with minor self-lim-
iting GI upset being the most common adverse effect.?!

The optimal donor stool profile is an area of great in-
terest as donor microbial characteristics may be critical in
understanding clinical efficacy of FMT in UC.?® Our results
demonstrated no differences between single or pooled feces
donors at inducing combined CER. However, stool com-
position differs between individual donors, as it is possible
that certain donors may provide stool that is more or less
efficacious than others. Moayyedi et al'* and Haifer et al?'
documented that their results may be skewed by strong
donor effect as the majority of clinical benefit was attributed
to one particular donor termed a superdonor. However, in
a recent review article by Levy et al,”” the authors indicated
that it is unknown whether individual donor vs multidonor
stool protocols translate into more effective reestablishment
of microbial homeostasis. Currently, the Food and Drug
Administration recommends that only individual donors
be used in RCTs, as this strategy would limit public health
concerns compared with universal donors or pooled stool.*
In fact, a regulatory consideration for pooled donor stool
is the unknown interactions between different microbial
communities. In our meta-analysis, studies that used pooled
feces in the FMT group were not powered to detect a true
donor effect. However, they offered potential insight to future
donor selection targets and suggested that perhaps greater
microbial richness alone may not be sufficient to induce re-
mission. It may be that the extent to which donor-recipient
bacterial phyla profiles complement each other influences host
engraftment and predicts FMT benefit. As a result, advancing
our understanding of the underlying microbial predictors of
therapeutic success and active constituents of FMT mediating
success warrants further investigation.?’
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Both fresh and frozen FMT demonstrated similar benefit
in inducing combined CER in adult patients with UC when
compared with placebo. The only study that administered
both fresh and frozen FMT was conducted by Moayyedi et
al." In their analysis, frozen stool seemed to perform better,
although evaluation is confounded by the fact that most treat-
ment successes were related to one specific donor.' Prolonged
frozen storage has been shown to increase the Firmicutes-
to-Bacteroidetes ratio, as some of the gram-negative spe-
cies are depleted during frozen storage.?” Prior studies have
demonstrated that the microbiome in IBD patients is less
diverse than the normal population, owing to the increased
abundance of Bacteroidetes relative to Firmicutes.?$2%3132 Ag
a result, frozen FMT is speculated to increase gut microbial
diversity as compared with fresh FMT. Data from studies
involving patients with antibiotic-resistant CDI suggest that
although the frozen stool may have a different microbiota
distribution, both are equally efficacious.’*** With regard to
frequency of delivery, our pooled analysis demonstrated sim-
ilar efficacy of higher or lower frequency of FMT delivery
in inducing combined remission rates in adult patients with
active UC. These studies do not, however, provide long-term
data on the safety, durability of the treatment response, or the
ability to maintain remission with interval dosing.

The administration of pre-FMT antibiotics did not signif-
icantly improve remission rates in adult patients with active
UC who received FMT when compared with placebo. This
conclusion should, however, be interpreted with caution, as
only 2 recent studies administered antibiotics to both groups
prior to the administration of FMT. In the study conducted
by Haifer et al,! the authors hypothesized that pre-FMT
antibiotics suppressed pathobionts that are negatively asso-
ciated with FMT response and potentially created an ecolog-
ical niche for donor microbiota engraftment. In this study,
patients treated with priming antibiotics alone followed by
placebo demonstrated a higher rate of clinical and endo-
scopic remission or response at week 8 when compared with
the placebo response in a similar study in which priming
antibiotics were not administered (15% vs 8%).'¢ Similarly,
our subgroup analysis did not demonstrate any clinical ben-
efit in performing pre-FMT bowel lavage in adult patients re-
ceiving FMT for the treatment of active UC. Many protocols
recommend bowel lavage prior to donor stool administration
to facilitate the colonization of microbiota from the donor.3
Currently, there is a paucity of data to support this practice.*
Fang et al? reported that participants received bowel lavage
prior to FMT administration while, Moayyedi et al did not
adopt this approach in their study protocol, as they felt this
strategy would further complicate the interpretation of their
results.!*

FMT demonstrated a similar safety profile as compared
with placebo in adult patients with active UC. However,
studies assessing specific adverse events such as worsening
colitis, colectomy, and CDI were scarce. For instance, IBD
patients are easily infected by C. difficile.’” Khoruts et al*
suggested that FMT could be successful for clearing CDI
from both IBD and non-IBD patients. Nevertheless, the effi-
ciency of single FMT therapy for this application was lower
in patients with underlying IBD when compared with those
without IBD (74.4% vs 92.1%; P = .0018). More than 25%
of patients with IBD diagnosed with CDI experienced a sig-
nificant flare of IBD after treatment with FMT.3® The largest
study of IBD patients with recurrent or refractory CDI

showed a success rate of 79%, 88%, and 99% after the first,
second, and third FMT doses, respectively.> After FMT, 37%
reported improvements in IBD disease activity and 30% had
no change, and for 13% of patients, the disease worsened.
Serious adverse events included CDI hospitalization, hospi-
talization for IBD flares, colectomy, small bowel obstruction,
pancreatitis, and cytomegalovirus colitis.?* A major concern
arises as the gut microbiota is dramatically altered by intes-
tinal inflammation. A healthy microbiota transferred to an
inflamed gut might be rapidly altered, thus limiting its po-
tential therapeutic effect. Furthermore, FMT delivery into an
inflamed gut with epithelial barrier disruption could poten-
tially have detrimental effects by inducing an inflammatory
cascade and allowing bacterial translocation. For the above
reason, further studies are needed to systematically evaluate
the safety profile of FMT in patients with active UC and in-
clude other SAEs such as the risk of cytomegalovirus colitis,
bacteremia, sepsis, toxic megacolon, and bowel perforation.

The understanding of FMT effectiveness for IBD is in its
infancy. The preliminary findings from these studies are con-
flicting, perhaps owing to the dissimilarities existing in patient
populations among various research works, disease severity in
participants, and FMT delivery methods and preparations.*
It is unclear why some patients with IBD respond more im-
pressively following FMT than others. The host genotype,
the course of disease, and the specific donor attributes are
all determinants that can potentially dictate the ultimate out-
come. Accordingly, a better understanding of this application
is required.

Compared with previous literature, one of the strengths
of our study is the number of RCTs included in our system-
atic review. To our knowledge, this is the first systematic re-
view that compiles only double-blind RCTs about FMT use
in adult patients with active UC and carefully examines new
endpoints including the rates of endoscopic remission and re-
sponse, as well as SAEs and specific adverse events. Subgroup
analyses were performed to examine the type, route, and
frequency of FMT delivery as well as the effect of concom-
itant use of biologic and topical rectal therapy and pre-FMT
antibiotics or bowel lavage on the rate of combined CER.
As compared with the previously published systematic review
about this topic, our article focuses on critically appraising
the results and integrating them by highlighting the mech-
anism by which FMT use translates into a clinical benefit in
patients with active UC.

Limitations of this systematic review include the limited
number of RCTs published in relation to the use of FMT in
adult patients with active UC. As a result, subgroup analyses
were underpowered to detect any differences in terms of
the various variables that would have affected the rates of
combined CER rates. In terms of methodology, a limitation
arises because we categorized the included RCTs into inten-
sive or less intensive delivery frequency regimens, as no prior
studies determined optimal FMT dosing interval in this sub-
group of patients. There were noted variability in terms of
definition of study main endpoints. However, we uniformly
compiled all data and performed multiple sensitivity analyses
to minimize the risk of inaccurately reporting various
outcomes. Also, it is unclear if there were possible confounding
variables in the RCTs that could not be accounted for given
the variability of the inclusion and exclusion criteria. As UC
represents a chronic disease with a high relapse rate after ces-
sation of therapy, a long-term treatment is required. Data on
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maintenance treatment are scarce. The study conducted by
Sood et al'® was the only RCT that assessed the outcomes
at 48 weeks after FMT treatment initiation. Their results
demonstrated that FMT is a robust method for manipulating
gut microbiota and has emerged as a potential therapy for
patients with UC, as it demonstrated effectiveness in inducing
combined CER compared with placebo. However, this study
was underpowered to make valid conclusions. In the study
conducted by Haifer et al,*! 10 FMT patients who achieved
corticosteroid-free clinical and endoscopic remission at the
end of the week 8 induction phase entered the maintenance
withdrawal study. Patients randomized to continue FMT
therapy were maintained on 2 capsules daily for the re-
maining 48 weeks. All patients who were randomly allocated
to continue open-label FMT maintained remission (4 of 4)
compared with none in the FMT-withdrawal group (6 of 6).
Another limitation is that we limited the scope of our sys-
tematic review to patients with UC. Sokol et al*' conducted
the only single-blinded RCT investigating the effect of FMT
use in adult patients with CD. Their findings suggest that the
steroid-free clinical remission rate was higher in the FMT
group compared with placebo at 10 and 24 weeks. In this
pilot study, the authors noted that larger RCTs are needed
to further explore FMT as a therapeutic strategy for patients
with CD.

Future directions and prospects

As a novel treatment for UC, the pathophysiology, method-
ological, and underlying mechanistic factors require further
elucidation. Accordingly, longer-term prospective trials are
needed to clarify the requisite expectations with regards
to optimal drug therapy. Future studies with sound meth-
odology and more effective protocols for the preparation
and administration of FMT are needed to advance our un-
derstanding of mechanisms of FMT outcomes in patients
in UC. Standardization of study design, protocols, and
scores will be expected to eliminate potential confounding
bias. Moreover, related regulations need to be formulated
to standardize and limit all aspects of treatment. Further
studies are needed to investigate the safety and efficacy of
FMT use in the pediatric population as well as in patients
with CD.

Conclusions

FMT is a safe and effective therapeutic modality for the in-
duction of endoscopic and clinical remission of patients with
UC compared with placebo and with a good safety profile.
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