Executive Summary
Fecal Microbiota Transplantation (FMT), the introduction of gut microbiota from a healthy donor
into a dysbiotic patient, is an emerging therapy for a growing number of both infectious and chronic
diseases. FMT is shown to be highly effective for the treatment of recurrent Clostridium difficile
infection, and has considerable promise for treatment of Inflammatory Bowel Disease (IBD),
particularly ulcerative colitis (UC). IBD impacts over one million Americans per year, with limited
therapeutic options and no cure. Results from three published randomized controlled trials and 16
case series and cohort studies suggest that FMT might induce and maintain remission in patients
with UC. Specifically, studies by Moayyedi and Paramsothy showed that FMT was effective in
inducing remission of UC in 24% (9/28) and 27% (11/41) patients respectively. While a final
randomized controlled trial conducted by Rossen did not show statistically significant effect, these
findings may be due to heterogeneity in delivery modality, dosing, duration of treatment, or small
sample size.
Data evaluating FMT in Crohn's
disease (CD) are more limited, but
results from one case series and
four cohort studies show promise
in treating certain sub-populations.
Additionally, researchers are
investigating whether FMT might
be able to reduce or eliminate
symptoms in patients with
pouchitis. Although the one
completed study (investigating
chronic-refractory disease) showed
negative results, two trials with a
broader patient populations and
different intervention designs are
currently exploring FMT as a
therapy for this condition.

Comparison of the existing and ongoing research on the use of FMT
to treat Inflammatory Bowel Disease (IBD), ulcerative colitis (UC),
Crohn’s disease (CD) and pouchitis.

Research in this area remains in its early stages but is rapidly increasing; over 30 clinical trials
focused on FMT in IBD are reportedly underway globally. Significant refinements in trial design and
treatment protocol can yield greater clarity into if, and how, FMT can be used to treat IBD.
Specifically, future trials should consider intervention early in treatment paradigm, multiple doses
of FMT, donor selection, antibiotic pre-treatment, patient population, and long-term follow-up on
clinical efficacy, safety, and translational markers. Looking forward, such research could ultimately
lead to a new treatment paradigm for IBD.
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Background
Inflammatory Bowel Disease (IBD) describes the chronic or recurring immune response and
inflammation of the gastrointestinal tract. Ulcerative colitis (UC) and Crohn's disease (CD) are the
two most common conditions, with more than half a million Americans suffering from each
condition and prevalence numbers on the rise.1 Pouchitis has a much lower prevalence, impacting
approximately 30,000 Americans per year. However, it is a major concern for patients who undergo
ileal pouch-anal anastomosis, up to 46% of whom develop pouchitis within five years of surgery.2
Molecular characterization of gut microbiota from patients with IBD has revealed microbial
dysbiosis, characterized by decreased microbial diversity, a decrease in Bacteriodetes and
Firmicutes, and enrichment in Proteobacteria, including gammaproteobacteria and
enterobacteriaceae, as well as the presence or absence of specific bacterial species, most notably
decreased abundance of F. prausnitzii.3 These association studies in humans have been supported
by evidence from mouse models, demonstrating that gut microbiota can be a necessary factor for
the development of gut inflammation4,5 and that transfer of microbiota from diseased mice into
healthy peers is sufficient to induce intestinal inflammation.6–8
Fecal Microbiota Transplantation (FMT), the introduction of gut microbiota from a healthy donor
into a dysbiotic patient, is an emerging intervention with a success rate of 83% in treating recurrent
Clostridium difficile infection across two randomized controlled trials and 23 case series.9
Microbiome sequencing before and after FMT has demonstrated that the microbiome of the
diseased individual shifts to resemble that of the healthy donor in both diversity and relative
abundance of specific microbes.10 The microbial community has been shown to remain within the
expected variation for donor material for up to five months,11 and recent data shows that individual
strains may persist for three months after FMT.12 Furthermore, adverse events are rare. Although
bacteremias and adverse events potentially related to procedural administration (i.e. aspiration,
upper gastrointestinal bleed, peritonitis, and enteritis in a nasojejunal delivery) have been reported
in the literature, a recent literature review of 1190 FMT recipients identified only three deaths
possibly linked to FMT13–16. Together, this evidence from C. difficile infection and observational data
highlighting the role of gut microbiota in IBD suggest that FMT could be an effective and welltolerated intervention in patients with IBD.
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Figure 1: Comparison of the microbiome in persons with ulcerative colitis (UC), Crohn’s disease (CD) compared
to control
Center panel is a compositional heatmap of the selected taxa for each of the samples in a pediatric case-control
study. Left panel indicates the significance of the association of each taxa with disease state, as measured by the qvalue. Right panel shows a measure of effect size (Cohen’s delta), highlighting in red those taxa which are
significantly more prevalent in IBD samples. Bottom panels show relevant metadata for each sample, including
disease activity as measured by PUCAI and PCDAI indices. Image and figure legend reprinted under Creative
Commons Attribution License.17
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Ulcerative Colitis
Randomized Controlled Trials
To date, three completed randomized controlled trials have examined FMT for patients with UC,
with moderate success (Table 1). Together, these studies suggest that under certain conditions,
FMT can be highly effective in inducing remission of UC.
In the first completed randomized controlled trial on UC, Moayyedi randomized patients with active
UC (n=70) to treatment with FMT via enema once per week for six weeks or a control arm in which
patients received a water enema administered at the same cadence.18 The authors demonstrated a
statistically significant effect of FMT on inducing remission of UC, defined as full Mayo score <3 and
endoscopic Mayo score =0 at week 7: 9/38 (24%) patients in the FMT arm achieved remission,
versus only 2/37 (5%) in control arm (p=0.03, Pearson’s χ2;). Interestingly, 7/9 (78%) patients in
remission were treated with stool from a single donor, Donor B. Indeed, the study was terminated
early due to futility, but enrolled patients were allowed to complete the study using Donor B stool,
changing the conclusions of the study. Additionally, the length of disease was negatively correlated
with efficacy rate: 3/4 (75%) patients with UC ≤1 year entered remission, as compared to 6/34
(18%) that had diagnosed disease for a longer period of time. At 8 weeks, a greater increase in
microbiota diversity was observed in the FMT recipient group as compared to the placebo group,
and microbiota composition within the recipient group shifted to resemble donor stool as
compared to a control fecal sample. A comparison of microbiota composition in responders and
non-responders treated with Donor B showed a trend towards greater similarity of gut microbiota
of responders to that of Donor B. There was no difference in rate of serious adverse events
between the FMT and control arms. While the sample size in this trial is small, this seminal study
did demonstrate that FMT might be a viable intervention for treatment of UC. Furthermore, this
study highlighted the importance of careful donor selection in the trial design process.
Table 1: Summary of Randomized Controlled Trials for Ulcerative Colitis
Study

n

IBD Type

FMT Delivery

Duration

Control

Outcome

1/week

6 weeks

Water
enema

Positive

Nasoduodenal
(500 mL)

3 weeks
apart

6 weeks

Autologous
stool

ND

Initial
colonoscopy (150
mL), maintenance
by enema

5/week

8 weeks

Saline enema

Positive

Moayyedi
201518

65

Active UC

Enema (50 mL)

Rossen
201519

48

Mildmoderate
UC

Paramsothy
81
201620

Mildmoderate
UC

Dosing

ND: no statistical difference

A second randomized controlled trial by Rossen in the Netherlands examined 48 patients with mild
to moderately active UC who received two nasoduodenal infusions of fresh donor stool (week 0 and
week 3) or autologous fecal transplant.18 Unlike the Moayyedi study, Rossen found no statistically
significant effect of FMT on the primary endpoint (composite score of clinical remission, defined as
simple clinical colitis activity index scores, and ≥1-point improvement in Mayo endoscopic score) at
week 12: 7/23 (30%) in the FMT group, as compared to 5/25 (20%) in the control group (p=0.29).
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However, the study authors did note that the microbial profile of responders shifted to resemble
that of donors at follow-up.21 Furthermore, microbial analysis demonstrated distinct differences in
microbiota at week 12 between sustained responders and patients who relapsed at one year,
characterized by enhancement of butyrate-producing bacteria in sustained responders, providing a
possible basis for donor selection in future studies. While the negative findings of this study are
disappointing, they are not conclusive. Design features including donor selection, delivery modality,
or dosing could explain the low efficacy. Additionally, the small sample size may have left the study
underpowered to detect any potential significant differences.
The recent results from the "FOCUS" study, a double-blind, multi-center, placebo-controlled
randomized controlled trial of FMT in patients in Australia with active ulcerative colitis, support the
earlier findings from Moayyedi.20,22 Patients randomized to the treatment arm (n=41) underwent an
induction FMT by colonoscopy, followed by FMT enema 5 days per week for 8 weeks; patients
randomized to the control arm (n=40) received placebo FMT by colonoscopy, followed by placebo
enema at the same cadence as the treatment arm. Importantly, each fecal microbiota preparation
contained material from 3-7 unrelated donors. FMT had a statistically significant effect on achieving
the primary, composite endpoint (steroid-free clinical remission and endoscopic remission or
response) at 8 weeks: 11/41 (27%) of patients treated with FMT achieved the primary endpoint, as
compared to just 3/40 (8%) of patients receiving placebo. When patients from the control group
received the 8-week FMT regimen as part of an open-label extension, 10/37 (27%) achieved the
primary endpoint, further supporting the study's findings. Results on secondary endpoints were
even more promising: 54% showed clinical response in the FMT group versus 23% in the control
(p<0.01), and 37% showed endoscopic response in the FMT group versus 10% in the control arm
(p<0.01). Importantly, there was no difference in adverse events between the two groups,
consistent with findings from Moayyedi and Rossen. Results from this study strongly suggest that
FMT may indeed be effective in treating certain patients with UC.
The mixed results observed across these three studies may be due to heterogeneity in a variety of
key study characteristics. As demonstrated by Moayyedi, the effect of FMT on UC is strongly donor
mediated; therefore, the poor response seen in the Rossen study may be due to donor
characteristics. Alternatively, mode of administration may explain the low efficacy rate observed by
Rossen; nasoduodenal administration has been shown to be less efficacious in treatment of C.
difficile.15 Furthermore, the poor efficacy reported in the Netherlands study versus the Canadian
and Australian studies suggest that multiple FMTs may be necessary to treat chronic inflammation.
However, it is worth noting that induction of remission may not be durable; both Moayyedi and
Rossen used endpoints measured within a week of the final dose of FMT. Thus, while these trials
tend to affirm that FMT is a promising treatment for IBD, the heterogeneity amongst these results
highlight the need for critical examination of patient characteristics, donor factors, intervention
modality and frequency, and clinical endpoints in future study design.
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Cohort and Case Studies
While the most compelling evidence for the use of FMT in treating UC comes from randomized
controlled trials, results from completed case series and cohort studies dating back to 1989 bolster
these results. A 2014 meta-analysis identified eight case and nine cohort studies examining the use
of FMT for treatment of IBD (Table 2). Of these seventeen studies, nine focused exclusively on UC,
with two including both UC and CD, and one treating unspecified IBD. The studies exhibited
significant heterogeneity in severity of disease treated, FMT delivery modality, number of infusions,
and clinical endpoints. In a meta-analysis of the five then-completed cohort studies, the pooled
proportion of patients achieving remission was 22% (95% CI 10.4%-40.8%). While this result is
promising, it provides little insight into the true magnitude of the treatment effect given the
heterogeneity of patient populations included.
Table 2: Summary of Case and Cohort Studies for Ulcerative Colitis*
n

Patient
Population

Bennet 198923

1

Severe UC

Borody 198924

2

UC, CD

Enema (large
volume)
NR

Borody 200125

3

Quiescent UC

Enema

Borody 200326

6

Severe UC

Enema

Study

FMT delivery

Dosing

Outcome

>1

Symptom-free at 6 mo.

NR
1x5
days
1x5
days

NR

NR

NR

Clinical improvement

NR

NR

Reduction in symptoms

Colonoscopy

>1

NR

Case Series

27

3

Borody 201128

1

Borody 2011

Kellermeyer
201329
Cohort Studies

4 (-1)**

Refractory UC/CD
colitis (2),
ulcerative
proctitis (1)
Chronic-relapsing
UC & ITP
UC (IM/anti-TNF
dependent)

NR
No clinical or colonoscopic
evidence of UC at ≥1 year

Kunde 201330

10(-1)**

Mild-moderate
pediatric UC

Enema

X5
days

Kump 201331

6

Refractory UC

Colonoscopy

1

Angelberger
201332

5

Severe UC

NJ & Enema

x3
days

3/9 CR at 1 mo, 3/9 clinical
response at 1 mo
0/6 CR, 2/6 clinical
improvement at 3 mo.
0/5 CR, 1/5 clinical
response at week 12

Damman 201433

5

Mild-moderate
UC

Colonoscopy

x1

1/5 CR

Wei 201534

14

IBD (11 UC, 3 CD)

Colonoscopy (UC),
NJ tube (CD)

x1

Symptom improvement in
all

Scaldaferri
Mild-moderate
8
Colonoscopy
x3
3/8 CR, 1/8 improvement
201635
UC
36
Kump 2016
10
Refractory UC
Colonoscopy
x5
4/17 CR, 2/17 improvement
37
*Adapted from Colman
**1 patient excluded from analysis due to intolerance of FMT
CR: Clinical Remission, as defined by study author; NR: Not reported; IM/anti-TNF: Immunomodulator/antitumor necrosis factor medication; ITP: Idiopathic thrombocytopenic purpura; NJ: Nasojejeunal
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More recently, a small cohort study conducted by Kump built upon his earlier case series of FMT as
treatment for refractory chronic active UC, 31 and compared a ten-day course of antibiotic triple
therapy (n=10) to antibiotic triple therapy followed by FMT administered via colonoscopy, repeated
five times over two week intervals.36 While results were too small to reach statistical significance,
the authors did report much higher efficacy in the FMT group; specifically clinical remission was
reported in 4/17 (24%) and partial response in 6/17 (35%) as compared to a control group in which
2/5 (40%) achieved partial response. Scaldaferri also reported slightly better outcomes of FMT in
treating mild to moderate disease, 3/8 (38%) saw clinical remission and 4/8 (50%) saw clinical
improvement as compared to "real life" controls receiving standard anti-TNF or immunosuppressive
therapy for UC; specifically, 2/7 (29%) went into clinical remission and 2/7 (29%) saw clinical
improvement.35 No serious adverse events were reported in any of the studies across any
indication, though it is worth noting that the majority of studies did not solicit adverse events.
State of the Field: Active Clinical Trialsi
At present, there are 16 clinical trials of FMT for UC in various stages of design and enrollment
(Table 3), and an additional 11 studies examining multiple forms of IBD (Table 4). Eight are
randomized controlled trials comparing FMT to no treatment or placebo, 18 are open-label cohort
studies (though some have multiple treatment arms), and one explores FMT in the open-label arm
of a broader randomized controlled trial. Modality and frequency of intervention vary across
studies, with at least five administering multiple interventions over a sustained period.
Interestingly, only 6/27 (22%) of publicly reported studies in UC are being conducted in the United
States, affirming that there is global interest in FMT as a treatment for IBD. Results from these
studies are likely to yield additional insight into the suitability of FMT for treatment of UC, though
generalizability will be limited by small sample sizes and heterogeneity between and within
studies.

i Search represents comprehensive list of studies identified through clinicaltrials.gov and ICTRP portal as of March

31, 2016. See Appendix for additional detail on search methodology.
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Table 3: Active Clinical Trials in Ulcerative Colitis
Patient
Population

Study
Design

FMT Delivery

Dosing

Pediatric UC

Cohort

Colonoscopy,
enema

>3

20

Mildmoderate
UC

Cohort

Colonoscopy

2

20
50

UC
Pediatric UC

Cohort
RCT

96

Pediatric UC

RCT

Nanjing Medical
University

200

Mildmoderate
UC

RCT

Colonoscopy
Enema
Colonoscopy +
5-ASA
Transendoscopic
enteral tubing or
colonoscopy

Turku University
Hospital

40

Active UC

RCT

Colonoscopy

1

University of Alberta

20

Cohort

NR

>1

Shaare Zedek Medical
Center

28

Explorator
y arm of
RCT

NR

1

Abertawe Bro
Morgannwg University

30

RCT

Enema

Juntendo University

30

Mildmoderate
UC
UC resistant
to steroid
therapy
Newlydiagnosed
UC
UC

Cohort

NR

NR

Juntendo University

50

UC

Cohort

NR

NR

Center

n

Study On-going Not Recruiting*
Baylor College of
10
Medicine
University of Chicago
Active Recruitment*
Weill Cornell
McMaster Children’s
Memorial Care Health
System

Centre for Digestive
Moderate
Colonoscopy (1),
10
Cohort
Diseases
UC with CDI
Enema (1)
University Medical
20
UC
Cohort
EGD
Center
Recruitment Pending*
Hamilton Health
80
Active UC
RCT
Enema
Sciences Corp.
Shanghai Jiao Tong
20
UC
Cohort
NR
University
*As reported on clinicaltrials.gov and ICTRP, updated as of 3/31/2016
RCT: Randomized controlled trial; NR: Not reported; 5-ASA: 5-aminosalicylic acid
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12
1
NR

Group 1: 1
Group 2: 5

Comparator

Placebo
Placebo +
5-ASA
Methodology
comparison
Standard
treatment

bowel
purgative +
antibiotics
FMT +
antibiotics

2
5

16

Placebo FMT

NR

10

Table 4: Active Clinical Trials in IBD (Disease Unspecified)
Center

n

Patient
Population

Study
Design

FMT delivery

60

UC & CD

Cohort

1-2 pouchoscopy
optional 6
capsule dose

80

IBD

Cohort

Colonoscopy

40

UC & CD

RCT

NJ tube

1

Cohort

Colonoscopy or
EGD

1

Cohort

NR

NR

Cohort

NR

NR

Cohort

NR

NR

Cohort

NR

NR

Cohort

Colonoscopy

1

Cohort

Colonoscopy

1

RCT

FMT

1

Dosing

Comparator

Active Recruitment*
UC, San Francisco
Gulhane Military
Academy
Third Military Medical
University
University of Pittsburg

50

Keio School of
Medicine

30

Pediatric with UC
or CD flare
Moderate-severe
UC (& other GI
disorders)

Fujita Health
23
UC, CD, CDI
University
Chinese PLA General
30
IBD
Hospital
National Center for
Pediatric UC or
Child Health and
8
pouchitis
Development
Kanazawa University
Mild-moderate
10
Hospital
IBD
Meir Medical Center
40
Active UC or IBD
Recruitment Status Not Reported*
Jinling Hospital

30

UC & CD

NR
Mesalazine
(5-ASA)

FMT+pectin,
pectin alone

*As reported on clinicaltrials.gov and ICTRP, updated as of 3/31/2016
NR: Not reported; NJ: Nasojejeunal; EGD: Esophagogastroduodenoscopy/Upper endoscopy; 5-ASA: 5aminosalicylic acid; RCT: Randomized Controlled Trial
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Crohn’s Disease
Evidence for Fecal Microbiota Transplantation for treatment of CD is currently much more limited
than FMT for UC, and thus understanding of whether FMT may be effective in treating CD remains
uncertain. Nonetheless, a number of promising clinical trials are currently underway which may
begin to provide insight into whether positive outcomes observed in small cohorts will be replicable
in a larger population.
Case and Cohort Studies
Only five case or cohort studies have focused exclusively on CD to date (Table 5), with an additional
six patients treated as part of broader cohort studies in IBD; the total reported number of patients
who have received FMT for CD is just over 50.27,33,38–42 Colman found that the pooled proportion of
patients achieving clinical remission across four cohort studies (n=38) was 60.5% (95% CI 28.4%85.6%), suggesting that FMT may indeed be a promising intervention for CD; however, the potential
for publication bias should be considered.43 While the reported effect size is high, it is important to
note that this result was driven by the high efficacy rates (≥75%) reported by two of the studies,
both of which used non-endoscopic endpoints.38,40 Suskind examined FMT in a pediatric population
with mild-moderate disease, who might have a higher response rate than older sufferers with a
longer duration of disease. Meanwhile, the high efficacy observed by Cui in patients with refractory
CD is inconsistent with the early trial by Vermeire that found no response in this disease cohort.39

Table 5: Summary of Case & Cohort Studies for Crohn's Disease*
Study

n

IBD type

FMT delivery

Dosing

Outcome

1

Moderate-severe
IBD (CD)

Colonoscopy

3 (0,4,10
weeks)

Vermeire 201239

4

Refractory CD

Nasojejunal

3 (in 36 hrs)

No response

Suskind 201540

9

Mild-moderate
pediatric CD

Nasogastric

x1

7/9 CR, 1/9
improvement

Vaughn 201441

9

Active CD

Colonoscopy

x1

4/9 CR, 2/9
improvement

Cui 201542

30

Refractory CD

EGD

x1

23/30 CR, 3/30
improvement

Case Series

Kao 201438

Mucosal healing at
8 weeks

Cohort Studies

*Adapted from Colman37; Note: Combined UC/CD excluded. See Table 2 for additional detail
CR: Clinical Remission, as defined by study author; EGD: Esophagogastroduodenoscopy/Upper endoscopy

Fecal Microbiota Transplantation as Therapy for Inflammatory Bowel Disease

12

Active Trials
While results from published case and cohort studies suggest that there is great potential for FMT
to treat CD, further research is needed to draw conclusions about the utility of FMT for this
indication. There are currently five active trials of FMT in CD (Table 6), with an additional nine
examining IBD more broadly which may include patients with CD (Table 4). Four of the five active
trials in CD alone are randomized controlled trials, three of which are placebo-controlled. Two focus
on pediatric population, a population treated with high efficacy by Suskind.40 Three of the five
studies aim to use FMT to induce remission of CD, while one examines FMT as a tool to maintain
steroid-induced remission and one aims to prevent post-operative recurrence of CD.
Table 6: Active Clinical Trials in Crohn's Disease*
Center

n

Patient
Population

Study
Design

FMT delivery

Dosing

Comparator

Active Recruitment**

Beth Israel
Colonoscopy,
44 Recurrent CD
RCT
NR
Deaconess
Capsules
Seattle Children’s
Mild-moderate
32
RCT
NG tube
1
Hospital
pediatric CD
Assistance
publique –
18 CD
RCT
Colonoscopy
1-2
Hôpitaux de Paris
University of
Colonoscopy (3),
20 CD
Cohort
5
Alberta
Enema (2)
Recruitment Pending**
Boston Children’s
60 Pediatric CD
RCT
Enema, Capsules
8
Hospital
*See Ulcerative Colitis section for more details on studies including both CD and UC
** As reported on clinicaltrials.gov and ICTRP, updated as of 3/31/2016
NR: Not reported; RCT: Randomized Controlled Trial; NG: Nasogastric
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Pouchitis
Existing data on FMT for treatment of pouchitis is quite limited, including a single cohort study.
Landy examined the efficacy of a single FMT, administered via nasogastric tube, on inducing
remission of pouchitis in patients with chronic refractory disease (n=8).43 Clinical remission was not
achieved in a single patient at four weeks. Two patients did experience clinical improvement as
measured by Pouchitis Disease Activity Index reduction of ≥3 points, but both remained above the
≥7 score used to define "pouchitis." While this efficacy is poor, it is difficult to draw conclusions
from this study because of the severity of disease treated and the limited intervention used, both
features associated with lower efficacy in other types of IBD.
Two active studies are currently examining FMT for improvement of pouchitis (Table 7). Unlike the
Landy study, both use FMT via lower gastrointestinal delivery (pouchoscopy), a delivery modality
which has demonstrated higher efficacy in treatment of C. difficile and therefore might yield better
results.15 Additionally, treating patients with less severe forms of disease may yield greater efficacy,
as has been observed in UC. Finally, one study has incorporated an optional six-week extension of a
weekly capsule dose. While both studies are still limited cohort studies, results drawn from these
trials may be able to provide greater insight into whether FMT may be an effective component of
pouchitis treatment.
Table 7: Active Clinical Trials in Pouchitis
Center
n
Patient Population Study Design
FMT delivery
Active Recruitment*
UC, San
1-2 Pouchoscopies, optional
30 Pouchitis
Cohort
Francisco
capsule extension
UC-associated
Emory
11
Cohort
Pouchoscopy
Pouchitis
*As reported on clinicaltrials.gov and ICTRP, updated as of 3/31/2016
NR: Not reported

Fecal Microbiota Transplantation as Therapy for Inflammatory Bowel Disease

Dosing
≥1
NR

14

Future Directions
Significant refinements in trial design and treatment protocol can yield greater clarity into if, and
how, FMT can be used to treat Inflammatory Bowel Disease, particularly for patients with UC.
Future investigators should carefully consider patient population, intervention design, and outcome
measures (Figure 2). This section will focus on specific recommendations for UC, due to the greater
breadth and quality of evidence. However, it is important to note that many of the insights
gathered from UC may be applicable in other Inflammatory Bowel Diseases, as well as chronic
conditions beyond IBD.
Patient Population
Existing data is insufficient to draw definite conclusions on which patient populations may benefit
the most from FMT. However, results from Moayyedi, supported by moderate success in earlier
cohort studies, suggest that FMT may be more effective earlier in the course of disease.18,30,35
Therefore intervention early in the treatment paradigm may be worth exploring, both to
demonstrate efficacy and to reduce the number of patients who develop severe or refractory
disease. Furthermore, designing clinical trials in this population may allow investigators to better
power studies to explore other design questions (e.g. donor selection, cadence of intervention) that
may be generalized to patients across the disease severity spectrum.

Figure 2: Considerations for FMT trial design for IBD

Intervention Design
Results from completed randomized controlled trials suggest that multiple courses of treatment
may be necessary to induce and maintain remission. This is consistent with results from randomized
controlled trials of FMT to treat C. difficile infection, which have shown that efficacy improves with
multiple infusions (van Nood: 81% initial cure rate versus 94% overall cure rate; Cammorata: 65%
after first infusion versus 90% overall cure rate), particularly in patients with severe and
severe/complicated disease (Fischer: 62% initial cure rate versus 93% overall cure rate (27/29).44–46
For chronic conditions, it is likely that maintenance therapy will be necessary to induce lasting

Fecal Microbiota Transplantation as Therapy for Inflammatory Bowel Disease

15

remission. When adopting a multiple-FMT approach, investigators may wish to examine less
invasive treatment modalities (e.g. enema, encapsulated stool) to facilitate maintenance therapy by
reducing procedural risk and enhancing patient experience.
Additionally, a key feature of intervention design will be donor screening and selection. As in
treatment of C. difficile infection, it is critical to ensure rigorous donor screening to reduce safety
risks, particularly in pediatric populations where cohort studies suggest that FMT may be effective
but long-term risks remain uncertain. Furthermore, based on evidence from Moayyedi and Rossen
that outcomes are highly dependent on donor microbiota, investigators may consider aggregating
stool from multiple donors, either across a treatment course or within a single FMT dose, as was
employed in the Paramsothy study.20 However, in order to identify characteristics which correlate
with efficacy, it is critical to sequence donor microbiota prior to treatment, to select key donor
characteristics (e.g. short-chain fatty acid production) to test, and to assign donors to enrolled
patients on a systematic basis in order to be able to compare donor stool in sub-group analyses.
Finally, investigators may wish to consider use of antibiotics prior to FMT in order to facilitate
microbial engraftment. Pre-treatment with antibiotics has been used with positive outcomes in
both UC and CD.36,39 Furthermore, the use of antibiotics is supported by evidence from the
recurrent C. difficile infection model, in which a low diversity microbial environment within the
recipient, induced in part by antibiotic treatment for C. difficile, has been shown to promote colonic
engraftment of ‘healthy’ microbiota from FMT.46 At least two currently enrolling trials are explicitly
comparing FMT alone to pre-treatment antibiotics followed by FMT and may be able to provide
preliminary data on whether pre-treatment antibiotics can improve engraftment and clinical
outcomes in patients with UC.
Follow-up
In addition to short-term primary safety endpoints, it is critical to employ long-term follow-up with
patients on clinical efficacy, safety, and translational markers (e.g. microbiome, metabolomics, and
inflammatory cytokines), both to better understand the duration of the effect of FMT and to
provide insight into possible mechanisms. For example, Ponsieon followed patients for up to three
years post-FMT, and identified certain features predictive of sustained response: specifically,
enhancement of Clostridium clusters IV and XIVa post-transplant, attributable either to baseline
microbial distribution or donor transplantation.21 This insight, which is consistent with animal
models and clinical data suggesting that butyrate can inhibit the inflammatory response,48-50 can
now be tested by selection of donors enhanced in these clades for future studies. Furthermore,
such key insights may help to guide development of future innovations, such as anaerobic delivery
of full microbial communities or selective enhancement of key microorganisms which could
ultimately lead to defined microbial therapeutics.
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Conclusions
Accumulating evidence suggests that FMT is a promising treatment for IBD, with results from recent
randomized controlled trials strongly supporting a role for FMT in inducing remission of UC.
However, outcomes of FMT in UC vary dramatically between patients, even within the context of
randomized controlled trials, due to heterogeneity within the patient population, intervention, and
outcomes measured. Therefore, further research is needed to explore key features including donor
microbiota, patient population, modality, and delivery frequency. Such work can help to optimize
the use of FMT and provide the basis for developing targeted microbial interventions consisting of
specific bacterial communities in the future. While FMT has reportedly been used with great
success in a number of patients with CD, evidence remains limited to a few case series and cohort
studies. Further exploratory research is needed to identify whether effects seen in these
populations can be replicated in other settings. Finally, while FMT was unsuccessful in treating
pouchitis in the single completed cohort study, FMT may be effective in other populations with less
severe disease. The proliferation of research on FMT for IBD over the past few years has provided
exciting evidence supporting the use of this novel intervention and highlighting the potential for
development of defined microbial therapeutics to treat IBD. Looking forward, these active trials as
well as additional clinical work built upon the foundations highlighted in this review may begin to
provide answers to the many open questions in the field and could ultimately lead to a new
treatment paradigm for Inflammatory Bowel Disease.
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Appendix
Search methodology used to identify active clinical trials
Databases searched:
 ClinicalTrials.gov
 WHO International Clinical Trials Registry Platform (http://apps.who.int/trialsearch/)
Search terms used to identify FMT:
FMT, "fecal microbiota transplant," "faecal microbiota transplant," "fecal microbiota
transplantation," "faecal microbiota transplantation," "fecal transplantation," "faecal
transplantation," "fecal transplant," "faecal transplant," "fecal bacteriotherapy," "faecal
bacteriotherapy," "fecal microbial transplant," "faecal microbial transplant," "fecal microbiota
therapy," "faecal microbiota therapy."
Studies with no mention of FMT in article text subsequently eliminated.
Study descriptions searched for following identifiers:
“Inflammatory bowel disease," "IBD," "ulcerative colitis," UC, "Crohn's Disease," "CD," "pouchitis"
Additional studies excluded:
 Designated as "terminated" or "completed"
 Published results identified
 U.S. studies last updated pre-7/2013 (Date FMT designated as investigational new drug
product, requiring IND application)
 International studies last updated ≥3 years ago
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