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ABSTRACT

BACKGROUND: Faecal microbiota transplantation (FMT) has been investigated as a potential treatment for inflammatory bowel disease (IBD). We thus performed a systematic review and meta-analysis assessing the effectiveness and safety of FMT in IBD.
METHODS: A systematic review was conducted until Jan 2017. Studies were excluded if patients had co-infection or data was pooled across disease subtypes (ulcerative colitis (UC), Crohn’s disease (CD), pouchitis). Clinical remission was established as the primary outcome. Pooled effect sizes and 95% confidence intervals were obtained using the random effects model. 
RESULTS: 53 studies were included (41 in UC, 11 in CD, 4 in pouchitis). Overall, 36% (201/555) of UC, 50.5% (42/83) of CD and 21.5% (5/23) of pouchitis patients achieved clinical remission. Among cohort studies, the pooled proportion achieving clinical remission was 33% (95% CI 23%–43%) for UC and 52% (95% CI 31%–72%) for CD, both with moderate risk of heterogeneity. For 4 RCTs in UC, significant benefit in clinical remission (P-OR=2.89, 95% CI=1.36-6.13, P=0.006) with moderate heterogeneity (Cochran's Q, P=0.188; I2=37%) was noted. Sub-analyses suggest remission in UC improved with increased number of FMT infusions and lower gastrointestinal tract administration. Most adverse events were transient gastrointestinal complaints. Microbiota analysis was performed in 24 studies, with many identifying increased diversity and a shift in recipient microbiota profile towards the donor post-FMT. 
CONCLUSIONS: FMT appears effective in UC remission induction, but long-term durability and safety remain unclear. Additional well-designed controlled studies of FMT in IBD are needed, especially in CD and pouchitis. 
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INTRODUCTION

Faecal microbiota transplantation (FMT) has revolutionized the field of microbial therapeutics. It has proven extremely effective in the treatment of Clostridium difficile infection (CDI)1 2, and is considered to have potential in other conditions where disturbances in the enteric microbiota are implicated in disease pathogenesis, such as the inflammatory bowel diseases (IBD)3. While a simple therapy in practice that was first described in Western medical literature over 50 years ago4, and proposed as a treatment strategy for IBD over 25 years ago5, it is only in recent years that there has been an exponential growth in patient, media and research interest6. The initial systematic review on the role of FMT in IBD published in 2012 consisted of only 9 retrospective reports deemed of insufficient quality to perform meta-analysis7. Within 2 years, an updated systematic review identified 18 studies, including 9 cohort studies of FMT in IBD on which a meta-analysis was performed8. Since then, the number of available studies has again more than doubled, including the publication of the first 4 randomized controlled trials (RCTs) of FMT in ulcerative colitis (UC)9-12. 
In this latest systematic review and meta-analysis, we summarize the available literature and evaluate the efficacy of FMT in the various IBD subtypes of UC, Crohn’s disease (CD) and pouchitis by performing meta-analyses on the associated prospective studies.



METHODS 

Search Strategy 

A systematic review was conducted in accordance with the PRISMA13, Cochrane14 and MOOSE15 guidelines. We searched five electronic databases (Pubmed, Medline, Cochrane, Biomed Central and Embase) from inception to the 4th January 2017 using search terms as previously described7 (Table A1). No language limits or any other advance features were used. Major conference proceedings from 2011-2016 were searched to identify abstract publications including: Digestive Diseases Week (DDW), European Crohn's and Colitis Organization (ECCO; including 2017), United European Gastroenterology Week (UEGW), American College of Gastroenterology (ACG) and Advances in IBD (AIBD). References from prior review articles were also searched to identify studies that may have been missed by the above-mentioned searches. The clinicaltrials.gov registry was also searched.

Study Selection Criteria

Inclusion Criteria
Articles were included in this systematic review if they reported on clinical efficacy and / or safety of FMT in inflammatory bowel disease in human subjects. FMT was defined as the infusion of faecal derived matter and bacteria from a healthy individual(s) into a recipient. Case reports, case series, cohort studies and RCTs were all included (full text or abstract publications). For the meta-analyses, however, only cohort studies and RCTs were included.

Exclusion Criteria
Studies were excluded if data for particular IBD subtypes (UC, CD, pouchitis) was pooled and not individually reported, due to inherent differences between these conditions. Studies were also excluded if they only included patients who had co-infection with Clostridium difficile or other pathogens, or if data on non-infected IBD patients was not individually reported or able to be extracted. In addition, studies reporting duplicate data were excluded. 

Outcome Measures
Efficacy of FMT in IBD was assessed as clinical remission (primary outcome) or clinical response as defined by the respective study authors (Tables 1-5). Where possible, endoscopic (mucosal healing) and histologic data were also extracted. Safety was assessed using reported adverse event and serious adverse event data.


Data extraction

References were imported into a bibliographic database (Microsoft Excel 2015). Two authors (SP, RP) independently reviewed all articles, initially by title and abstract, then by full text review where relevant, to determine eligibility. Duplicate studies/ data were removed manually; when multiple publications related to the same patient group, the most complete data set were included. Eligible studies were categorized based on FMT indication. Data related to the study design and characteristics, treatment groups, and outcome measures were recorded. Where there was disagreement on study eligibility or data extraction, consensus was achieved through discussion (SP, RP, NCR). 



Study Quality Assessment

For eligible cohort studies, the methodological quality was assessed using the Newcastle-Ottawa Scale16 on the standard 9-point scale. Included RCTs were assessed using the Cochrane risk of bias score17 incorporating random sequence generation, allocation concealment, blinding, incomplete outcome data and selective reporting. 

Statistical Analysis  

Descriptive statistics were performed on data extracted from all included studies. The efficacy of treatment (clinical remission and/or response) was compared across studies per IBD disease subtype. For disease subtypes where three or more cohort or RCT studies were included, a meta-analysis was performed. The pooled effect sizes as well as 95% confidence intervals (CIs) were calculated using both fixed and random effects models. However, the random effects model was the preferred option as it  assumes that there is a distribution of true effect sizes rather than one true effect, and it assigns a more balanced weight to each study. For meta-analyses including cohort studies, the effect size refers to the pooled estimate proportion of patients that achieved efficacy.  For meta-analyses including RCTs, pooled odd ratios (P-ORs) were calculated by weighting individual ORs by the inverse of their variance. P-values < 0.05 were considered significant. Heterogeneity was assessed using Cochran´s Q test (P-value < 0.10 is indicative of heterogeneity) and Higgins´ test (I2) (low heterogeneity: <25%, moderate heterogeneity: 25-75% and high heterogeneity: >75%)18. Moderator variables including disease severity (mild vs moderate vs severe), route of administration (upper vs lower gastrointestinal FMT infusion), number of infusions (low [1 infusion] vs medium [2-4 infusions] vs high [5-10] vs very high [>10]), population (paediatric vs adult), preparation of inoculum (fresh vs frozen), FMT donor source (related vs unrelated donor), antibiotic pre-treatment and bowel lavage, were used to perform subgroup analyses. Sensitivity (leave-one-out) analyses were also conducted to assess statistical robustness. Publication bias was assessed using the Egger’s regression asymmetry test as well as funnel plots. Statistical analyses were performed using the Comprehensive Meta-Analysis software V. 3.0 (Biostat, Englewood, New Jersey, 2004).



RESULTS

Study Characteristics

A total of 6806 articles were identified in the search, which included 261 internal and external duplicates (Figure 1). Titles and abstracts of 6545 articles were screened and only 109 were deemed potentially eligible, of which 107 were available for review. A total of 53 articles or abstracts of FMT in IBD were deemed to satisfy the study selection criteria and were included in the final analysis, of which 3 included more than one IBD subtype. This included 41 articles or abstracts assessing FMT in UC reporting on 555 UC patients, 11 in CD reporting on 83 CD patients, and 4 in pouchitis reporting on 23 patients. 


Study Quality

The methodological quality of the included cohort studies and RCTs are outlined in the appendix (Tables A2, A3). Only 4 cohort studies included a control group, with a mean Newcastle-Ottawa Scale (NOS) score of 5 (range 3 to 9) out of 9. The risk of bias in the included randomized trials was low (Costello et al, 201712 has been presented in abstract form but has yet to undergo full publication peer review). All significant results obtained through the meta-analyses remained significant in sensitivity analyses, inferring statistical robustness. 


Ulcerative Colitis

Forty-one studies were identified assessing FMT in UC (9 case reports, 5 case series, 24 prospective cohort studies [20 uncontrolled, 4 controlled] and 4 RCTs) reporting on 555 UC patients (Table 1, 2 and 3).
Overall, 36% (201/555) of UC patients achieved clinical remission during follow-up. Among the 24 cohort studies included in the meta-analysis (Figure 2), which comprised 307 individuals, the pooled proportion of patients that achieved clinical remission was 33% (95% CI = 23-43%) for UC, with a moderate risk of heterogeneity (Cochran's Q, P = 0.001; I2 = 54%) (Table A4) and no publication bias (Table A5). The pooled proportion of patients that achieved clinical response was 52% (95% CI = 40-64%) in a meta-analysis that included 234 individuals from 20 cohort studies (Figure A1); a moderate level of heterogeneity (Cochran’s Q, P = 0.001; I2 = 58%) and no publication bias were observed in this meta-analysis (Table A5).


TABLE 1: Case Reports & Case Series of FMT in Ulcerative Colitis
	Study 
Type

	Author
	Patients
	Severity
	Donor 
	Route
	Dosage (Volume)
	Frequency (number of infusions)
	Fresh 
Vs
 Frozen
	Pre-Antibiotic
	Bowel Lavage
	Clinical remission
	Clinical response
	Endoscopic remission
	Histologic remission
	Follow Up

	Case Report
	Bennet 
et al, 
19895
	1
	severe, steroid refractory
	NR
	enema
	NR
	multiple 
(not further specified)
	NR
	yes 
(regimen not specified)
	NR
	1
	-
	NR
	1
	6 months

	Case Report
	Borody 
et al, 
198919
	1
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	1 
	-
	1
	1
	3 months

	Case Report
	Borody 
et al, 
201120
	1
	chronic relapsing UC
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	0
	1
	NR
	NR
	12 years

	Case Report
	Hohmann
 et al, 
201421
	1
	moderate
	Wife & 10 month old child
	NR
	NR
	4
	fresh
	no
	no
	0
	0
	0
	0
	NR

	Case Report
	Vandenplas et al, 
201522
	1 
(Paed)
	severe
	related 
(first 4 infusions - age related niece, last 3 infusions - older brother)
	colonoscopy - first 2 infusions, nasoduodenal - next 5 infusions
	100g stool in 100ml
	7
(interval not specified)
	fresh
	no
	NR
	1
	-
	NR
	1 
	6 months

	Case Report
	Seth
et al,
201623
	1
	moderate (Mayo 9)
	unrelated
 (brother-in-law)
	colonoscopy
	200g stool in 350ml saline
	3
(every 2 weeks)
	fresh
	no
	yes
	1

(Mayo 0, withdrawal of all medications)
	-
	1  

(Mayo 0, withdrawal of all medications)
	1
	8 months

	Case Report
	Kumagai
et al,
201624
	1
(Paed)
	severe (PUCAI 85)
	related 
(mother)
	enema x 2, then nasoduodenal x 4
	60g stool in 250ml saline
	6 
(over 10 days)
	fresh
	no
	NR
	0
(required colectomy)
	0
	0
	0
	3 months

	Case Report
	Ni
et al,
201625
	1
	moderate steroid dependent (Mayo 9)
	related 
(father)
	percutaneous endoscopic cecostomy
	100g stool in 250mL saline
	>50
(daily for 1 month then 2x/week for 3 months)
	fresh
	no
	yes
	1

(Mayo 0)
	-
	1  

(Mayo 0)
	NR
	12 months

	Case Report
	Shimzu
et al,
201626
	1
(Paed)
	severe steroid dependent
	related 
(father)
	colonoscopy x 1 then enemas
	stool diluted in 250ml saline
	16
(daily for first 5 days, then every 2-4 weeks over 10 months)
	fresh
	no
	yes
	1

(PUCAI 0)
	-
	0
	0
	10 months

	Case Series
	Borody 
et al, 
200127
	3
	active colitis, severe symptoms
	NR
	enema
	stool diluted in 200ml infusion
	5
(daily for 5 days)
	fresh
	vancomycin 500mg bd, metronidazole 400mg bd, rifampicin 150mg bd for 7-15 days
	NR
	3/3 (100%)
	-
	3/3 (100%)
	NR
	8-16 months

	Case Series
	Borody
 et al,
 200328
	6
	active, not further specified
	recipient identified (related & unrelated)
	enema
	200-300g stool in 200-300mL saline
	5,
(daily for 5 days)
	fresh
	vancomycin 500mg bd + metronidazole 400mg bd + rifampicin 150mg bd for 7-10 days
	yes
	6/6 (100%)
	-
	6/6 (100%)
	6/6 (100%)
	1-13 years

	Case Series
	Borody 
et al, 
201229
	62
	active, not further specified
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	42/62 (68%)

(0-1 on modified Powell Tuck index) 
	57/62 (92%)

(>2 point drop in Powell Tuck index) 
	12/21 (57%)
	12/21 (57%)
	NR

	Case Series
	Shah
 et al, 
201230
	16
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	8/16 (50%) 

(avoid surgery or medications)
	NR
	NR
	NR

	Case Series
	Brandt
 et al, 
201331
	11
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
(safety study)
	NR
	NR
	NR
	mean 14.7 months (range 
7-31 )




TABLE 2: Cohort Studies of FMT in Ulcerative Colitis
	Study 
Type
	Author
	Patients
	Severity
	Donor
	Route
	Dosage (Volume)
	Frequency (number of infusions)
	Fresh
Vs 
Frozen
	Pre-Antibiotic
	Bowel Lavage
	Clinical remission
	Clinical response
	Endoscopic remission
	Histologic remission
	Follow Up
	NOS Total

	Cohort
	Angelberger 
et al,
201332
	5
	moderate -
severe
(Mayo ≥6)
	recipient identified but first degree relatives excluded
	nasojejunal & enema combined
	median 24g stool in 250ml saline for nasojejunal infusion
median 20g stool in 100ml saline for enema
	3
(daily for 3 days)
	fresh
	metronidazole 500mg bd and probiotic (Yomogi or Omnibiotic) for 5-10 days prior to FMT
	yes
	0

(Mayo ≤2, no subscore >1)
	1/5 (20%)

(Mayo drop ≥3 and ≥30%, along with drop in bleeding subscore ≥1 or bleeding subscore ≤1)
	NR
	NR
	12
weeks
	5

	Cohort
	Kump
et al,
201333
	6
	moderate - severe 
(Mayo 8-11)
	unrelated
	colonoscopy
(TI + colon)
	100-150g stool in 200-350mL
	single
	fresh
	no
	yes
	0

(Mayo ≤2)
	2/6 (33%)

(Mayo drop ≥ 3)
	NR
	NR
	3
months
	5

	Cohort
	Kunde
et al,
201334
	10 
(Paed)
	mild - moderate (PUCAI 15-65)
	recipient identified
(related & unrelated)
	enema
	Average 90g stool (range 70-113g) in 4 x 60mL saline
	5
(daily for 5 days)
	fresh
	no
	no
	3/9 (33%) 
at 1 and 4 weeks

(PUCAI < 10)
	7/9 (78%)
at 1 week

6/9 (67%)
at 1 month

(PUCAI drop > 15)
	NR
	NR
	4
weeks
	6

	Cohort
	Cui
et al,
201535
	15
(data on 14)
	moderate-severe (Montreal)
steroid dependent
	recipient identified
(related & unrelated)
	midgut through gastroscope
	150-200ml infusion 
	1-2, 
(1 week apart)
	NR
	no
	NR
	4/14 (29%)

(Montreal 0)
	8/14 (57%)

(Montreal improvement ≥1) & discontinuation of steroids
	NR
	NR
	>3 months
	5

	Cohort
	Damman
et al,
201536
	7
	mild - moderate (UCDAI 3-10)
	recipient identified
(1 related, rest unrelated)
	colonoscopy
	175-290 cc of stool mixture 
(1g: 2-3ml
stool: saline)
	single
	fresh
	no
	yes
	1/7 (14%)
at 4 weeks

(UCDAI ≤2 & no subscore >1)
	1/7 (14%)
at 4 weeks

(UCDAI drop ≥ 3)
	NR
	1/7 (14%)
at 4 weeks
	3 months
	6

	Cohort
	Karolewska-Bochenek
et al,
201537
	4
(Paed)
	moderate -severe
	unrelated
	gastroscopy
	50mL infusion
	8 
(daily first 5 days, alternate days in second week)
	NR
	no
	NR
	0
	4/4 (100%)
	NR
	NR
	4
weeks
	4

	Cohort
	Kellermayer 
et al,
201538
	3
(Paed)
	immunotherapy dependent
but controlled mucosal disease at study commencement (Mayo 0-1)
	unrelated
	colonoscopy 
followed by enemas
	50g stool in 250ml saline; 60-250 mL delivered
	22-30 
(daily for fortnight, thrice weekly for fortnight, then weekly for 6-12 weeks)
	frozen
	no
	yes
	3/3 (100%)
	-
	3/3 (100%)
	3/3 (100%)
	3
months
	3

	Cohort
	Kump
et al,
201539
	17

10 controls (triple antibiotic therapy)
	chronic active
	NR
	colonoscopy
 (initially right colon, then left colon on subsequent infusions)
	NR
	5
(fortnightly infusions)
	NR
	triple therapy (not specified) for 10 days
	yes
	FMT:
4/17 (24%)

Control: 0

(Mayo ≤2)
	FMT:
10/17 (59%)

Control: 2/10 (20%)

(Mayo drop ≥ 3)
	NR
	NR
	90
days
	6

	Cohort
	Scaldaferri 
et al,
201540
	8

7
controls
	mild - moderate (Partial Mayo ≥4,  endoscopic Mayo ≥ 1)
	recipient identified
	NR
	200cc of faecal slurry
	3 
(interval not specified)
	NR
	not specified
	yes
	FMT:
3/8 (38%)

Control:
2/7 (29%) 

(Partial Mayo ≤2, all subscores ≤1)
	FMT:
4/8 (50%)

Control: 
2/7 (29%) 

(Partial Mayo drop ≥ 2)
	33%

(Mayo 0 at week 6)
	NR
	12
weeks
	7

	Cohort
	Suskind
et al,
201541
	4
(Paed)
	mild-moderate (PUCAI)
	NR
	nasogastric
	30g stool in 100mL saline
	single
	fresh
	rifaximin 200mg tds for 3 days, omeprazole day prior and day of FMT
	yes
	0

(PUCAI < 10)
	0
	NR
	NR
	12
weeks
	6

	Cohort
	Vermeire
et al,
201642
	8
	moderate -severe; refractory, failed immunotherapy and anti-TNF
	unrelated & related
	nasogastric 3
rectal tube 5
	200g stool in 400mL
	2
(daily for 2 days)
	fresh
	no
	yes
	2/8 (25%)
	NR
	2/8 (25%)

(Mayo endoscopy subscore ≤1)
	NR
	8
weeks
	5

	Cohort
	Wei
et al,
201543
	11
	mild - moderate
(Mayo 2-10)
	unrelated
	colonoscopy
	60g stool in 350mL saline
	single
	fresh
	vancomycin 500mg bd for 3 days prior
	yes
	8/11 (73%)

(Mayo <2)
	NR
	NR
	NR
	4
weeks
	4

	Cohort
	Ren
et al,
201544
	7
	severe 
(Mayo ≥ 10)
	relatives or
 healthy volunteers
	gastroscopy or colonoscopy or 
combined gastroscopy & colonoscopy
	gastroscopy 100-200mL;
colonoscopy 200-300mL 
	1-3 infusions 
(5 pts x 1, 1 pt x 2, 1 pt x 3)
	fresh
	no
	no
	5/7 (71%) 
(day 30)

(Partial Mayo ≤2, subscores ≤1) 
	7/7 (100%)

(Partial Mayo drop ≥3 or 30% drop)
	NR
	NR
	median 90 days, range 30-210 days
	5

	Cohort
	Karakan
et al,
201645
	14
	steroid dependent or
 non-responsive 
	NR
	colonoscopy
	NR
	1-6
(interval not specified)
	NR
	NR
	yes
	6/14 (43%)
	11/14 (78.5%)
	NR
	NR
	3-18 months
	4

	Cohort
	Goyal
et al,
201646
	12
(Paed)
	mild - moderate
 (PUCAI < 65)
	recipient identified (related & unrelated)
	both gastroscopy/ jejunoscopy (20-30cc) and colonoscopy (200-250cc) in TI / cecum
	150g stool in 250mL saline
	single
	fresh
	metronidazole / vancomycin for 5 days, ceasing 48hrs prior to FMT
	yes
	0

(PUCAI < 10)
	2/12 (17%)

(PUCAI drop ≥ 15) 
	NR
	NR
	6 months
	6

	Cohort
	Laszlo
et al,
201647
	4
	moderate - severe 
	related 
(family member)
	colonoscopy
	150ml faecal suspension diluted in 400-425ml saline
	single
	fresh
	no
	yes
	4/4 (100%)
	-
	2/4
 (50%)
	NR
	5 months
	5

	Cohort
 (RCT for pectin, FMT in both arms)
	Wei
et al,
201648
	20 

(10 FMT alone; 10 FMT + 5 days oral pectin)
	mild - moderate (Mayo 2-10)
	unrelated
	colonoscopy
	60g stool in 500mL saline
	single
	fresh
	vancomycin 500mg bd for 3 days prior to FMT
	yes
	7/20 (35%)

(3/10 FMT, 4/10 FMT + pectin)

(Mayo ≤2) 
	13/20 (65%)

 (7/10 FMT, 6/10 FMT + pectin)

(Mayo drop > 30%, 1 point drop in tarry stools or increase > 16 points in IBDQ) 
	NR
	NR
	12 weeks
	5

	Cohort (data from ongoing RCT)
	Pai
et al,
201649
	2
(Paed)
	active
	unrelated
	enemas
	NR
	12
(biweekly for 6 weeks)
	frozen
	NR
	NR
	0
	0
	NR
	NR
	NR
	7

	Cohort
	Jacob
et al,
201650
	20
	active
(Mayo ≥3, endoscopic subscore ≥1)
	unrelated

multidonor (2 donor concentrate)
	colonoscopy
 (TI + right colon)
	120ml infusion
	single
	frozen
	no
	yes
	3/20 (15%)

(Mayo ≤2, no subscore >1)
	7/20 (35%) 

(Mayo drop ≥ 3 and bleeding subscore ≤1) 
	2/20 (10%)

(Mayo endoscopy
subscore 0)
	NR
	4 weeks
	6

	Cohort
	Nishida
et al,
201651
	41
	mild - moderate (Mayo 3-9, endoscopic subscore ≥1)
	related 
(family member)
	colonoscopy
 (cecum)
	150-200g stool in 500mL saline
	single
	fresh
	no
	yes 
	0

(Mayo ≤2, no subscore >1)
	11/41 (27%)

(Mayo drop ≥ 3 and/or Mayo clinical score drop ≥2 with rectal bleeding subscore decrease ≥ 1) 
	NR
	NR
	8 weeks
	6

	Cohort
	Zhang
et al,
201652
	19
	moderate - severe 
(Mayo ≥ 6)
	NR
	midgut through gastroscope
	150-200ml infusion 
	single
	fresh
	no
	NR
	2/19 (11%)

(Mayo ≤2, no subscore >1) 
	11/19 (58%)

(Mayo drop ≥3 or ≥30%, along with drop in bleeding subscore ≥1 or bleeding subscore ≤1) 
	NR
	NR
	≥3 months
	5

	Cohort
	Grewal
et al,
201653
	17
	moderate - severe, 
steroid dependent
	NR
	NR
	NR
	7 
(2 infusions 2 weeks apart, then 5 infusions every 4 weeks)
	NR
	NR
	NR
	15/17 (88%) 
(week 4) 

10/17 (59%) at 1 year with steroid cessation 
	NR
	NR
	NR
	12 months
	5

	Cohort (open label extension cohort of RCT placebo arm)
	Paramsothy et al,
201711
	37
	mild - moderate (Mayo 4-10)
	
unrelated

multidonor
(3-7 donors /infusion)
	colonoscopy 
followed by enemas 
	37.5g stool in 150ml saline 
	40 
(5x/week for 8 weeks)
	frozen
	no
	no
	17/37 (46%)

(Steroid-free Mayo subscore ≤1 for bleeding & stool frequency combined) 
	NR
	8/37 (22%)

(Steroid-free Mayo endoscopy subscore 0)
	NR
	8 weeks post FMT (total 16 weeks)
	5

	Cohort
	Ishikawa
et al,
201754
	17

19 controls
(triple antibiotic therapy)

	active
(Lichtiger Clinical Activity Index ≥ 5 or endoscopic Mayo subscore ≥ 1)
	recipient identified (related & unrelated)
	colonoscopy
	150-250g stool in 350-500mL saline
	single
	fresh
	amoxycillin 1500mg, fosfomycin 3000mg, metronidazole 750mg daily for 2 weeks till 2 days prior to FMT
	yes
	FMT:
9/17 (53%) 

Control:
3/19 (16%)

 (CAI ≤ 3) 
	FMT:
14/17 (82%)

Control:
13/19 (68%)

(CAI<10 & drop ≥3)
	NR
	NR
	4 
weeks
	9





TABLE 3: Randomised Controlled Trials of FMT in Ulcerative Colitis

	Study Type
	Author
	Patients
	Severity
	Donor 
	Route
	Dosage (Volume)
	Frequency (number of infusions)
	Fresh 
Vs 
Frozen
	Pre-Antibiotic
	Bowel Lavage
	Primary Endpoint
	Clinical 
remission
	Clinical response
	Endoscopic remission
	Endoscopic response
	Histologic remission
	Follow Up

	DBRCT
	Moayeddi 
et al, 
20159
	75 

38 FMT

 37 control
	mild-severe, 
(Mayo 4-12)
	unrelated 
	enema
	50g stool in 50mL infusion
	6 
 
(weekly) 
	frozen - 21, fresh 15, combination fresh & frozen - 1
	no
	no
	Clinical and endoscopic remission

Mayo < 3 with endoscopic Mayo 0

9/38 (24%) vs 2/37 (5%)
 p = 0.03
	9/38 (24%) 
vs 
2/37 (5%) 

p=0.03

(Mayo < 3)


	15/38 (39%)
 vs 
9/37 (24%)
 
p=0.16

(Mayo drop ≥3)

	9/38 (24%) 
vs 
2/37 (5%)
 
p=0.03

(Mayo endoscopy subscore 0)
	NR
	7 FMT
 
1 placebo
	7 weeks

	DBRCT
	Rossen 
et al, 
201510
	48 

23 FMT
 
25 control autologous stool
	mild-moderate
(SCCAI 4-11)
	unrelated 
& related
	naso-
duodenal
	minimum 60g stool in 500mL
	2 
 
(3 weeks apart)
	fresh
	no
	yes
	Clinical remission and endoscopic improvement
 
SCCAI ≤ 2 in combination with ≥ 1 point drop in combined Mayo endoscopic score (rectum & sigmoid)

7/23 (30%) vs 5/25 (20%) 
p=0.51
	7/23 (30%)
 vs 
8/25 (32%) 

p=NS

(SCCAI ≤ 2)







	11/23 (48%)
 vs 
13/25 (52%) 

p=NS

(SCCAI drop ≥ 1.5)






	NR
	8/23 (35%) 
vs 
9/25 (36%) 

p=NS

(≥ 1 point drop in combined Mayo endoscopic score [rectum & sigmoid])
	NR
	12 weeks

	DBRCT
	Paramsothy et al, 
201711
	81
 
41 FMT
 
40 control
	mild-moderate 
(Mayo 4-10)
	unrelated

 multi-donor
(3-7 donors
/infusion)
	colonoscopy followed by enemas
	37.5g stool in 150ml saline infusion
	40 

(5x/week for 8 weeks)
	frozen
	no
	yes
	Steroid-free clinical remission and endoscopic improvement

Mayo ≤ 2, all subscores ≤ 1, ≥ 1 point drop in endoscopy subscore, off steroids

11/41 (27%) vs 3/40 (8%) 
p=0.02
	18/41 (44%) 
vs 
8/40 (20%) 

p=0.02

(Steroid-free Mayo subscore ≤1 for bleeding & stool frequency combined)


	22/41 (54%)
 vs
 9/40 (23%) 

p=0.01

(Steroid-free drop in combined Mayo subscore for bleeding & stool frequency of ≥3 or 50%)
	5/41 (12%) 
vs 
3/40 (8%) 

p=NS

(Steroid-free Mayo endoscopy subscore 0)





	13/41 (32%) vs 
4/40 (10%) 

p=0.02

(Steroid-free Mayo endoscopy subscore ≤1 with drop ≥1)



	NR
	8 weeks post FMT (total 16 weeks)

	DBRCT
	Costello
 et al, 
201712
	73
 
38 FMT
 
35 control
autologous stool
	mild-moderate 
(Mayo 3-10)
	unrelated

 multi-donor
(3-4 donors
/infusion)
	colonoscopy followed by enemas
	NR
	3 

(3x/week)
	frozen
	no
	yes
	Steroid-free remission 

Mayo ≤ 2, endoscopic subscore ≤ 1, off steroids

12/38 (32%) vs 3/35 (9%) 
p=0.02
	19/38 (50%)
vs
6/35 (17%)

p<0.01

(Steroid-free SCCAI ≤2)

	21/38 (55%)
vs
7/35 (20%)

p<0.01

(Steroid-free Mayo drop ≥3)
	21/38 (55%)
vs
6/35 (17%)

p<0.01

(Steroid-free Mayo endoscopy subscore ≤1)
	NR
	NR
	8 weeks





Meta-analysis including four RCTs of FMT in UC (Figure 3), which comprised a total of 140 FMT treated individuals, showed that FMT was significantly associated with clinical remission in these patients (P-OR = 2.89, 95% CI = 1.36-6.13, P = 0.006).  Heterogeneity was moderate in this meta-analysis (Cochran's Q, P = 0.188; I2 = 37%) with no publication bias (Table A5). A significant association was also found between FMT and clinical response in UC patients (P-OR = 2.48, 95% CI = 1.18--5.21, P = 0.016) (Figure A2), with a moderate level of heterogeneity (Cochran's Q, P = 0.102; I2 = 52%) and no publication bias (Table A5).
Interestingly, sensitivity analyses showed that on removal of the RCT by Rossen et al10 (which in contrast to the other studies utilized only 2 infusions and administered them via an upper gastrointestinal infusion) the association between FMT and clinical remission in UC patients was highly significant (P-OR of 4.05, 95% CI = 2.08-7.89, P = <0.001; Cochran's Q, P = 0.783; I2 = 0%) (Figure A3). Similarly, the association between FMT and clinical response in these patients when the RCT by Rossen et al10 was removed showed a higher P-OR of 3.39 (95% CI = 1.90-6.04, P = <0.001; Cochran's Q, P = 0.442; I2 = 0%) (Figure A4).

Crohn’s Disease

Eleven studies in CD (4 case reports, 7 prospective uncontrolled cohort studies) reporting on 83 CD patients were included (Table 4).
Overall 50.5% (42/83) of CD patients achieved clinical remission during follow-up. Among the 6 cohort studies included in the meta-analysis (Figure 4), comprising 71 individuals, the pooled proportion of CD patients that achieved clinical remission was 52% (95% CI = 31-72%) with a moderate risk of heterogeneity (Cochran's Q, P = 0.063; I2 = 52%), however, publications bias was observed in this meta-analysis (Table A5). A meta-analysis including 4 cohort studies (Figure A5), which comprised 59 individuals, showed that the pooled estimate proportion of patients that achieved clinical response was 63% (95% CI = 30-88%). Moderate heterogeneity was observed in this meta-analysis (Cochran’s Q, P = 0.016, I2 = 71%), however, no publication bias was detected (Table A5).

 


TABLE 4: Case Reports and Cohort Studies of FMT in Crohn’s Disease
	Study Type
	Author
	Patients
	Severity
	Donor
	Route
	Dosage (Volume)
	Frequency (number of infusions)
	Fresh 
Vs 
Frozen
	Pre-Antibiotic
	Bowel Lavage
	Clinical remission
	Clinical response
	Endoscopic remission
	Histologic remission
	Follow Up
	NOS Total

	Case Report
	Borody
 et al, 
198919
	1
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	NR
	1 
	-
	NR
	NR
	4 months
	-

	Case Report
	Swaminath et al, 
201455
	1
	patchy colitis, severe from 11-22cm
	partner
	enema
	NR
	5

(daily for 5 days)
	fresh
	NR
	NR
	0

(worsening of colitis symptoms with FMT)
	0

(worsening of colitis symptoms with FMT)
	NR
	NR
	3 weeks, near resolution of bleeding and diarrhoea with topical 5-ASA
	-

	Case Report
	Gordon
 et al, 
201456
	1
	severe, 
HBI 30
	partner
	NR
	NR
	daily, 
number not specified
	fresh
	vancomycin for prior Clostridium difficile infection
	NR
	0


	
1

(HBI drop 30 to 7)
	NR
	NR
	relapse at 6 months, commenced azathioprine
	-

	Case Report
	Kao
 et al, 
201457
	1
	moderate -severe, 
HBI 12
	unrelated
	colonoscopy
	400ml of 1:4 
stool: saline
	single 
	fresh
	7-day course of ciprofloxacin & metronidazole till 2days prior to FMT
	yes
	1

 (HBI 0)
	-
	1

complete mucosal healing
	1
	4 weeks
	-

	Cohort
	Kahn 
et al, 
201458
	8
	active, 
HBI >6
	unrelated
	colonoscopy
	NR
	single 
	NR
	NR
	yes
	NR
(safety study)
	NR
	NR
	NR
	1 week
	4

	Cohort
	Cui 
et al, 
201559
	30
	moderate -severe, 
HBI >6
	unrelated &
related
	midgut through gastroscope
	150-200ml infusion 
	single 
	fresh or frozen
	no
	yes
	23/30 (76.7%)

(HBI < 5)

	26/30 (86.7%)

(HBI drop >3)
	NR
	NR
	6-15 months
	4

	Cohort
	Suskind
 et al, 
201560
	9 
(Paed)
	mild -moderate (PCDAI 10-29)
	related (parent)
	nasogastric
	30g stool in 100-200mL saline
	single 
	fresh
	rifaximin 200mg tds for 3 days, omeprazole day prior and day of FMT
	yes
	Week 2:
 7/9 (78%)

Week 6 & 12: 5/9 (56%)

(PCDAI < 10)
	NR
	NR
	NR
	12 weeks
	6

	Cohort
	Vermeire 
et al, 
201642
	6
	moderate -severe
	unrelated &
related
	nasogastric
	200g stool in 400mL saline
	2

(daily for 2 days)
	fresh
	no
	yes
	0
	NR
	0
	NR
	8 weeks
	5

	Cohort
	Wei 
et al, 
201543
	3
	active,
 CDAI 150-400
	unrelated
	nasogastric (2) colonoscopy (1)
	60g stool in 350mL  saline
	single 
	fresh
	vancomycin 500mg bd for 3 days prior to FMT
	yes
	0
	mean CDAI drop from 345 to 135
	NR
	NR
	4 weeks
	5

	Cohort
	Vaughn 
et al, 
201661
	19
	active, 
HBI ≥5
	unrelated
	colonoscopy
	50g stool in 250ml solution
	single 
	frozen
	no
	yes
	10/19 (53%) 

(HBI < 5 at week 4)
	11/19 (58%)

(HBI drop ≥3 at week 4) 
	NR
	NR
	26 weeks
	6

	Cohort
	Goyal
 et al, 
201646
	4 
(Paed)
	mild -moderate, PCDAI < 40
	recipient identified (related & unrelated)
	both duodenoscopy / jejunoscopy (20-30cc) and colonoscopy (200-250cc)
	150g stool in 250mL saline
	single 
	fresh
	metronidazole
/ vancomycin for 5 days, ceasing 48hrs prior to FMT
	yes
	2/4 (50%)

PCDAI < 10 or normalisation of lactoferrin / calprotectin 
	3/4 (75%)

PCDAI drop ≥12.5 


	NR
	NR
	6 months
	4






TABLE 5: Case Reports & Cohort Studies of FMT in Pouchitis
	Study Type
	Author
	Patients
	Severity
	Donor
	Route
	Dosage (Volume)
	Frequency (number of infusions)
	Fresh 
Vs Frozen
	Pre-Antibiotic
	Bowel Lavage
	Clinical remission
	Clinical  Response
	Endoscopic outcomes
	Histologic outcomes
	Follow Up
	NOS Total

	Case Report
	Fang
et al,
201662
	1

(primary diagnosis: UC)
	Chronic antibiotic refractory pouchitis 

(mPDAI 10; clinical mPDAI 6)
	NR
	pouchoscopy
	stool 
diluted in 250ml saline
	single 
	fresh
	antibiotics ceased 48h prior to FMT
	NR
	1

(clinical PDAI 0)
	-
	NR
	NR
	6 months
	-

	Cohort
	Landy 
et al, 
201563
	8

(primary diagnosis: UC)
	Chronic pouchitis 

(PDAI > 7)
	unrelated &
related
	nasogastric
	30g stool in 50mL saline
	single 
	fresh
	no

antibiotic free for 2 weeks prior to FMT
	NR
	0
	2/8 (25%) 

(PDAI drop ≥3)
	NR
	NR
	4 weeks
	6

	Cohort
	El-Nachef 
et al, 
201664
	9
 
(4 week data on 7)

(primary diagnosis: NR)
	NR
	unrelated
	pouchoscopy
	NR
	single 
	frozen
	NR
	NR
	NR
	5/7 (71%) 

(global symptom improvement) 
	NR
	NR
	4 weeks
	5

	Cohort
	Stallmach et al, 
201665
	5

(primary diagnosis: NR)
	Chronic antibiotic refractory pouchitis

(PDAI 9-14) 
	unrelated
	UGI (jejunum) via endoscopy
	75g stool in 200ml saline
	1-7 

(at 3-4 week intervals)
	fresh for initial; either frozen or fresh for subsequent infusions
	not part of FMT protocol

 All patients failed ≥3 cycles of metronidazole and ciprofloxacin +/- rifaximin
	NR
	4/5 (80%)
	5/5 (100%)
	endoscopic remission:
1/5 (20%)

endoscopic response:
 5/5 (100%) 

[based on endoscopy subscore on PDAI]
	0

(histology subscore of 0 on PDAI)
	3 months
	6




Pouchitis

Three prospective uncontrolled cohort studies and one case report assessing FMT in pouchitis were identified (Table 5), reporting on 23 patients. Two of the cohort studies utilized a single FMT infusion; no patients achieved clinical remission with 2/8 (25%) achieving clinical response in one study63 while in the other study 5/7 (71%) had global symptom improvement (not defined) at 1 month64. In the only study that allowed for multiple FMT infusions, 4/5 patients achieved clinical remission (with the other patient achieving clinical response)65. We did not perform a pouchitis meta-analysis as only 3 small cohort studies were identified which had differing endpoints and conflicting outcomes. 

Endoscopic Data

Specific endoscopic outcomes were reported in the 4 RCTs and 6 of the 24 cohort studies of FMT in UC (Table 2). Accounting for differing definitions of endoscopic outcomes, endoscopic remission or endoscopic response rates of 24-55% with FMT vs 5-17% with placebo (mean difference 26.3% ± 9.9, p-value: 0.057) were noted in the randomised controlled trials involving multiple lower gastrointestinal FMT infusions9, 11, 12, while no difference was noted in endoscopic response between allogenic or autologous FMT administered by 2 nasoduodenal infusions (35% vs 36%)10 (Table 3). Only 1 study in CD reported endoscopic outcomes42, with none of 6 patients achieving endoscopic remission. In the one pouchitis study that reported endoscopic outcomes, all 5 patients had an endoscopic response while 1 patient (20%) achieved endoscopic remission post 1-7 FMT infusions65. 

Histologic Data

Only a small number of studies in UC reported histological outcomes. Post hoc analysis of one RCT identified that 7/38 patients in the FMT arm and 1/37 in the placebo achieved histologic remission9. Only 2 of the 24 identified cohort studies of FMT in UC reported histologic data36, 38. Only one case report of FMT in CD provided histologic outcomes57. In the one pouchitis study that reported histologic outcomes none of 5 patients achieved a PDAI histologic subscore of 065.

Paediatric vs Adult Populations

Subgroup analyses were performed for a number of variables thought to be of importance (Table A6), including population age (paediatric vs adult). There were 6 cohort studies assessing 34 patients in paediatric UC and only 2 cohort studies assessing 13 patients in paediatric CD. The pooled estimate proportion of patients that achieved clinical remission was 23% (95% CI = 7-51%; Cochran’s Q P = 0.171; I2 = 35%) for paediatric UC and 34% (95% CI = 24-46%; Cochran's Q, P = 0.001; I2 = 58%) for adult UC. For CD, the pooled estimate of clinical remission was 54% (95% CI = 28-78%; Cochran's Q, P = 0.853; I2 = 0%) in paediatric CD patients and 46% (95% CI = 18-77%; Cochran's Q, P = 0.017; I2 = 71%) in adult CD patients. No completed randomized controlled trials have been published assessing FMT in paediatric IBD.

FMT Methodology

The included studies varied substantially in FMT infusion methodology / protocol, including route of administration, number and frequency of infusions, dosage of stool per infusion, preparation of inoculum (fresh or frozen), antibiotic pre-treatment, bowel lavage and FMT donor source (related or unrelated). 
Subgroup analyses of the cohort studies (Table A6) showed that route of administration might play a significant role in clinical remission among UC patients as the pooled proportion of UC patients receiving upper gastrointestinal infusions was 17% (95% CI = 8-32%; Cochran's Q, P = 0.604; I2 = 0%) while the pooled proportion of UC patients receiving lower gastrointestinal infusions was 36% (95% CI = 24-50%; Cochran's Q, P = 0.004; I2 = 57%). Further subgroup analyses by number of infusions showed that the pooled proportion of UC patients receiving high number of infusions (>10 infusions) that achieved clinical remission was 49% (95% CI = 21-77%; Cochran's Q, P = 0.246; I2 = 29%), which was considerably higher than in those UC patients who received ≤ 10 infusions (pooled proportion = 27%, 95% CI = 17-40%; Cochran's Q, P = 0.001; I2 = 58%). While the pooled proportion of UC patients receiving fresh infusions that achieved clinical remission (28%, 95% CI = 15-46%; Cochran's Q, P = 0.001; I2 = 63%) was less than with frozen infusions (36%, 95% CI = 13-67%; Cochran's Q, P = 0.045; I2 = 63%), this was likely confounded by association with an increased number of infusions. Further, the pooled proportion of UC patients who received an antibiotic course before FMT and achieved clinical remission was 33% (95% CI = 17-54%; Cochran's Q, P = 0.026; I2 = 58%) while the proportion in UC patients who did not receive an antibiotic course pre-FMT was 28% (95% CI = 16-44%; Cochran's Q, P = 0.002; I2 = 61%). The relevance of the other subgroup analyses findings is uncertain given the small number of studies and patients. While only a few studies utilised a multi-donor infusion11, 12, 50, all reported some degree of clinical and endoscopic benefit (clinical remission rates 15-50%, endoscopic remission or response rates 10-55%) despite varying number of infusions (Tables 2, 3).

Safety

The majority of studies did not report major adverse events or serious adverse events that were deemed clinically related to FMT therapy. Most reported adverse events were transient minor gastrointestinal complaints (bloating, diarrhea, flatulence, abdominal pain / cramping, borborygmus) and/or fever31-35, 44, 46-48, 52, 54, 58-61, 63. The lack of a control arm in most of the studies makes it difficult to determine to what degree symptoms are specifically attributable to FMT. Nasogastric FMT infusion was associated with aspiration pneumonia in one study42, prompting a switch to lower GI administration. A few reports of disease worsening40, 49, 55 were identified, including one of CMV colitis in a patient who self-administered unscreened FMT21. One death due to toxic megacolon and sepsis was reported53. 
The RCTs found no difference between FMT and control arms in terms of minor or serious adverse events or disease worsening (Table 6), though it must be noted that these studies were not powered to specifically assess for safety. 

Microbiological Analyses

Microbiota analysis was performed in 17/41 UC, 4/11 CD and 3/4 pouchitis studies (Table A7). Most studies assessed luminal (faecal) samples with only a limited number analysing mucosal (biopsy) samples33, 63, 66, 67. A range of studies commented on recipient microbiota changes post FMT, with increased α-diversity or richness9, 11, 38, 42, 48, 50, 61, 66, and a shift towards the donor profile which in some cases was associated with colonization by donor derived taxa, though this was reported in both patients with clinical benefit10, 26, 32, 35, 57, 60, 65 and without improvement33, 36. Some studies did report that the increase in recipient microbial diversity post FMT was greater in responders relative to non-responders11, 42, 61, 66. In particular, the study by Paramsothy et al11, 66 found that recipient microbial diversity at baseline predicted response to FMT, that microbial diversity increased with FMT and that this persisted 8-weeks post FMT. In this study, the multi-donor FMT batches used for the FMT infusions had substantially greater microbial diversity relative to the individual donors. A correlation between increased donor microbial diversity and therapeutic success of FMT in UC has been identified in some studies42, 68 but not others51. In the RCT by Moayeddi et al9, there was a trend towards a difference in recipient outcomes based on particular donor, with improved outcomes noted in patients receiving infusions derived from donor B (P = .06). A variety of taxa were reported to be associated with both FMT in IBD in general, and more specifically with therapeutic outcomes in IBD patients, across the identified studies (Table A7). 


TABLE 6: Adverse Event Data of FMT in Ulcerative Colitis RCTs
	
	Minor adverse events
	Serious adverse  event

	Moayeddi
et al
20159
	Not specified
	3/38 (8%) vs 2 /37 (5%)  (p=1.0) 
2 FMT patients had change in diagnosis to Crohn's colitis
 1 FMT patient had C diff

	Rossen
et al
201510
	78.3% of donor vs 64% placebo (p=0.28)
 most commonly transient borborygmus or increase in stool frequency; 2 patients in FMT arm vomited, 2 patients in FMT arm had transient fever
	2 FMT, 2 control
1 admitted for suspicion of SB perforation (noted to have SB CD) 
1 with severe CMV (autologous arm)
 1 with cervical cancer requiring surgery
 1 severe abdominal pain requiring admission - spontaneous recovery

	Paramsothy
et al
201711
	78% in FMT arm vs 83% in placebo (p=NS) 
mostly self-limiting GI complaints 
(abdominal pain, bloating, flatulence)
	3 worsening colitis requiring hospitalisation
(2 FMT including 1 colectomy, 1 placebo)

	Costello
et al 
201712
	Not specified
	3 FMT group, 2 control
 3 worsening colitis (2 autologous arm)
1 Clostridium difficile colitis requiring colectomy
1 pneumonia



DISCUSSION

This paper represents an up to date systematic review and meta-analysis of FMT in IBD, incorporating both full text and abstract studies. There are almost 3 times as many studies included in this paper compared to previous systematic reviews and/or meta-analyses on the topic7, 8, 69, 70, illustrating the rapid growth in global research interest and activity with regards to FMT for IBD, including the first randomized trials of FMT in IBD9-12. However, the overall quality of the studies remains low, primarily consisting of either case reports / series or small cohort studies of limited duration. Additionally, there remains considerable heterogeneity amongst the studies in terms of design with conflicting treatment protocols (route of administration, number and frequency of infusions, antibiotic pre-treatment, bowel lavage) along with differing and often highly variable and / or poorly defined efficacy endpoints. 
FMT in UC appears very promising, especially with increased number of infusions administered via the lower gastrointestinal tract. An earlier meta-analysis8 assessing only UC cohort studies identified 79 patients with a pooled proportion achieving clinical remission of 22% (95% CI = 10.4%–40.8%). The current meta-analysis identified 24 UC cohort studies assessing 307 patients with a pooled proportion of patients that achieved clinical remission of 33% (95% CI = 23-43%). Furthermore, 4 RCTs reporting on 140 FMT treated UC patients were analyzed. Meta-analysis of all 4 studies produced a significant association (P-OR = 2.89, 95% CI = 1.36-6.13, P = 0.006) between FMT and UC clinical remission induction (Figure 3). Further sensitivity analyses showed that removal of the smallest study10 (which utilized only 2 infusions and administered them via an upper gastrointestinal infusion, as opposed to the other studies) resulted in an even higher significant association between FMT and clinical remission in UC patients (P-OR of 4.05, 95% CI = 2.08-7.89, P = <0.001) (Figure A3). This along with subgroup analyses of the UC cohort studies suggests that multiple infusions (and possibly lower gastrointestinal administration) increases the likelihood of remission in UC patients treated with FMT, though the precise number required varied substantially between studies, remains to be defined and likely is donor and recipient dependent.
Regarding the role of FMT in CD, the pooled proportion of patients that achieved clinical remission presented in the current meta-analysis (52%) is slightly lower than the figure reported in the previous meta-analysis8 (pooled proportion = 60.5%, 95% CI = 28.4%–85.6%). As previously highlighted by these authors, however, the CD results should be interpreted with caution, as the confidence intervals remain wide and the pooled effect size may be inflated due to the variability of methodology among individual studies and the still limited data. This is further supported by the publications bias observed in the current meta-analysis on clinical remission and FMT in CD patients. Furthermore, it is known that clinical remission does not correlate with endoscopic outcomes in CD. Of note, in the only CD cohort study to report endoscopic outcomes, no patient experienced endoscopic remission42. 
There remain major limitations in the available literature of this developing field. There are insufficient data to support FMT for other indications asides CDI71, 72, with no randomized trials published or presented to date outside UC. Even within UC, the existing studies are relatively small in size (largest 81 patients), and where FMT would be best placed in the therapeutic algorithm is unclear given the growing number of biologics73 and emerging targeted small molecule therapies74, 75. Long term follow up data regarding FMT efficacy / durability and safety in IBD is lacking. The available data suggests that disease relapse will invariably occur (though the durability and impact of number of infusions is poorly defined) and some form of maintenance therapy is required. However, almost all studies performed to date have assessed the role of FMT in remission induction for IBD, with a paucity of literature on the potential of FMT as a maintenance therapy38 once remission is established. The safety data from the available literature are reassuring though limited by study size and follow up period. There have been reports from the FMT in IBD and CDI co-infection literature of disease flare post FMT76, 77, though these must be considered in the context of an absence of a control arm (to account for gastrointestinal symptoms post FMT in non IBD patients) and difficulty in distinguishing colitis symptoms attributable to IBD as opposed to CDI; in this context Fischer et al77 reported improvement in clinician assessment of IBD activity post FMT for CDI in 31/67 (46%) and worsening in 12/67 (18%).  Additionally, there are few well conducted microbiological studies on the effect of FMT on the intestinal microbiota in IBD. These are clearly required if we are to better understand the underlying mechanism of action and microbial predictors of therapeutic outcome – both beneficial and detrimental. Most studies to date have included small numbers of patients and focused primarily on microbial composition and not functional / metabolic consequences. Taxanomic changes identified to date associated with FMT and therapeutic benefit are variable and inconsistent (Table A7). There exist inherent differences amongst donors, regardless of whether they are related or unrelated / anonymous, and the clinical and microbiological factors that are of importance in donor outcomes remain largely undefined. 
The AGA has recently set up an FMT registry (http://www.gastro.org/patient-care/registries-studies/fmt-registry) to help characterize long term outcomes of FMT (though this is primarily directed towards Clostridium difficile infection) and there are many new studies of FMT in IBD underway (clinicaltrials.gov) that will hopefully address these issues. Future directions should also include more specific and targeted allied microbiological studies to try and identify donor and recipient factors of importance, which may potentially facilitate progress to donor – recipient matching and ultimately defined microbial consortia based on recipient phenotype, along with ongoing development of capsule therapy with directed small bowel or colonic release. 
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FIGURES

Figure 1: Flow Diagram of Search Strategy 
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Figure 2: Forest Plot of FMT in Ulcerative Colitis Cohort Studies (Clinical Remission) 
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Figure 2. Forest plot of the meta-analysis of clinical remission and FMT in ulcerative colitis including available cohort studies to date. The pooled proportion with 95% confidence intervals (CIs) were calculated using the random effects model (diamond). The filled squares represent the studies in relation to their weights. In this meta-analysis, four case-control studies (Kump et al 2015, Scaldaferri et al 2015, Pai et al 2016 and Ishikawa et al 2017) were included as cohorts (data from controls was removed) as the software did not allow the combination of one and two groups comparison analyses.

Figure 3: Forest Plot of FMT in Ulcerative Colitis RCTs (Clinical Remission)
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Figure 3. Forest plot of the meta-analysis of clinical remission and FMT in ulcerative colitis including four RCTs available to date. The pooled ORs with 95% confidence intervals (CIs) were calculated using the random effects model (diamond). The filled squares represent the studies in relation to their weights.






Figure 4: Forest Plot of FMT in Crohn’s Disease Cohort Studies (Clinical Remission)
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Figure 4. Forest plot of the meta-analysis of clinical remission and FMT in Crohn’s Disease including available cohort studies to date. The pooled proportion with 95% confidence intervals (CIs) were calculated using the random effects model (diamond). The filled squares represent the studies in relation to their weights.


APPENDIX / SUPPLEMENT



TABLE A1: Systematic Review and Meta-analysis Search Strategy 

	Search Strategy

	(fecal transplantation) OR (faecal transplantation) OR (stool transplantation) OR (microbiota transplantation) OR (microflora transplantation) OR (feces transplantation) OR (faeces transplantation) OR (fecal flora transplantation) OR (faecal flora transplantation) OR (fecal microbiota transplantation) OR (faecal microbiota transplantation) OR (fecal transplant) OR (faecal transplant) OR (stool transplant) OR (microbiota transplant) OR (microflora transplant) OR (feces transplant) OR (faeces transplant) OR (fecal flora transplant) OR (faecal flora transplant) OR (fecal microbiota transplant) OR (faecal microbiota transplant) OR (fecal transfusion) OR (faecal transfusion) OR (stool transfusion) OR (microbiota transfusion) OR (microflora transfusion) OR (feces transfusion) OR (faeces transfusion) OR (fecal flora transfusion) OR (faecal flora transfusion) OR (fecal microbiota transfusion) OR (faecal microbiota transfusion) OR (fecal implantation) OR (faecal implantation) OR (stool implantation) OR (microbiota implantation) OR (microflora implantation) OR (feces implantation) OR (faeces implantation) OR (fecal flora implantation) OR (faecal flora implantation) OR (fecal microbiota implantation) OR (faecal microbiota implantation) OR (fecal implant) OR (faecal implant) OR (stool implant) OR (microbiota implant) OR (microflora implant) OR (feces implant) OR (faeces implant) OR (fecal flora implant) OR (faecal flora implant) OR (fecal microbiota implant) OR (faecal microbiota implant) OR (fecal instillation) OR (faecal instillation) OR (stool instillation) OR (microbiota instillation) OR (microflora instillation) OR (feces instillation) OR (faeces instillation) OR (fecal flora instillation) OR (faecal flora instillation) OR (fecal microbiota instillation) OR (faecal microbiota instillation) OR (fecal donor) OR (faecal donor) OR (stool donor) OR (microbiota donor) OR (microflora donor) OR (feces donor) OR (faeces donor) OR (fecal flora donor) OR (faecal flora donor) OR (fecal microbiota donor) OR (faecal microbiota donor) OR (fecal enema) OR (faecal enema) OR (stool enema) OR (microbiota enema) OR (microflora enema) OR (feces enema) OR (faeces enema) OR (fecal flora enema) OR (faecal flora enema) OR (fecal microbiota enema) OR (faecal microbiota enema) OR (fecal reconstitution) OR (faecal reconstitution) OR (stool reconstitution) OR (microbiota reconstitution) OR (microflora reconstitution) OR (feces reconstitution) OR (faeces reconstitution) OR (fecal flora reconstitution) OR (faecal flora reconstitution) OR (fecal microbiota reconstitution) OR (faecal microbiota reconstitution) OR (fecal infusion) OR (faecal infusion) OR (stool infusion) OR (microbiota infusion) OR (microflora infusion) OR (feces infusion) OR (faeces infusion) OR (fecal flora infusion) OR (faecal flora infusion) OR (fecal microbiota infusion) OR (faecal microbiota infusion) OR (fecal therapy) OR (faecal therapy) OR (stool therapy) OR (microbiota therapy) OR (microflora therapy) OR (feces therapy) OR (faeces therapy) OR (fecal flora therapy) OR (faecal flora therapy) OR (fecal microbiota therapy) OR (faecal microbiota therapy) OR (fecal bacteriotherapy) OR (faecal bacteriotherapy) OR (stool bacteriotherapy) OR (microbiota bacteriotherapy) OR (microflora bacteriotherapy) OR (feces bacteriotherapy) OR (faeces bacteriotherapy) OR (fecal flora bacteriotherapy) OR (faecal flora bacteriotherapy) OR (fecal microbiota bacteriotherapy) OR (faecal microbiota bacteriotherapy) OR (FMT)

AND 

(Crohns disease) OR (Crohn's Disease) OR (Crohn Disease) OR (Ulcerative Colitis) OR (Inflammatory bowel disease) OR (UC) OR (IBD) OR (CD) OR (ileitis) OR (Colitis) OR (Pouchitis)




TABLE A2: Study Quality (Newcastle Ottawa Scale) - Cohort Studies 
	
	Author
	NOS1 (Representativeness of exposed cohort to average active IBD patient)
	NOS2 (Similarity of exposed and control cohort populations)
	NOS3 (Confirmation of FMT exposure)
	NOS4 
(Evidence outcome of interest ie clinical remission / response was not present at start of study)
	NOS5
 (Study controls for disease severity)
	NOS6
 (Study controls for disease extent, duration or concomitant medications)
	NOS7 (Outcome assessment)
	NOS8 (Adequate follow up duration for outcome of interest - 1 month)
	NOS9 (Adequacy of follow up of cohort)
	NOS 
Total

	UC
	Angelberger 201332
	0
	0
	1
	1
	0
	0
	1
	1
	1
	5

	
	Kump
201333
	0
	0
	1
	1
	0
	0
	1
	1
	1
	5

	
	Kunde 
201334
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6

	
	Cui
201535
	0
	0
	1
	1
	0
	0
	1
	1
	1
	5

	
	Damman
201536
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6

	
	Karolewska Bochenek 
201537
	0
	0
	1
	0
	0
	0
	1
	1
	1
	4

	
	Kellermayer 201538
	0
	0
	1
	0
	0
	0
	1
	1
	0
	3

	
	Kump 
201539
	1
	1
	1
	0
	0
	0
	1
	1
	1
	6

	
	Scaldaferri 
201540
	1
	1
	1
	1
	0
	1
	1
	1
	0
	7

	
	Suskind
201541
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6

	
	Vermeire 
201642
	0
	0
	1
	1
	0
	0
	1
	1
	1
	5

	
	Wei 
201543
	1
	0
	1
	0
	0
	0
	1
	1
	0
	4

	
	Ren
201544
	0
	0
	1
	1
	0
	0
	1
	1
	1
	5

	
	Karakan 
201645
	0
	0
	1
	0
	0
	0
	1
	1
	1
	4

	
	Goyal 
201646
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6

	
	Laszlo
201647
	0
	0
	1
	1
	0
	0
	1
	1
	1
	5

	
	Wei
201648
	1
	0
	1
	0
	0
	0
	1
	1
	1
	5

	
	Pai
201649
	1
	1
	1
	0
	1
	1
	1
	1
	0
	7

	
	Jacob
201650
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6

	
	Nishida
201651
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6

	
	Zhang
201652
	0
	0
	1
	1
	0
	0
	1
	1
	1
	5

	
	Grewal
201653
	0
	0
	1
	1
	0
	0
	1
	1
	1
	5

	
	Paramsothy 201711
	1
	0
	1
	0
	0
	0
	1
	1
	1
	5

	
	Ishikawa
201754
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	

	CD
	Kahn 
201458
	1
	0
	1
	0
	0
	0
	1
	0
	1
	4

	
	Cui 
201559
	0
	0
	1
	1
	0
	0
	1
	1
	0
	4

	
	Suskind
201560
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6

	
	Vermeire
201642
	0
	0
	1
	1
	0
	0
	1
	1
	1
	5

	
	Wei 
201543
	1
	0
	1
	0
	0
	0
	1
	1
	1
	5

	
	Vaughn
201661
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6

	
	Goyal
201646
	0
	0
	1
	1
	0
	0
	1
	1
	0
	4

	

	Pouchitis
	Landy 
201563
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6

	
	El-Nachef
201664
	1
	0
	1
	0
	0
	0
	1
	1
	1
	5

	
	Stallmach 
201665
	1
	0
	1
	1
	0
	0
	1
	1
	1
	6














TABLE A3: Study Quality (Cochrane Risk of Bias) – RCTs
	
	Random 
Sequence 
Generation
	Allocation 
Concealment
	Blinding of 
Participants 
& Personnel
	Blinding of
Outcome 
Assessment
	Incomplete 
Outcome 
Data
	Selective Reporting

	Moayeddi
20159
	Low
	Low
	Low
	Low
	Low
	Low

	Rossen
201510
	Unclear
	Unclear
	Low
	Low
	Low
	Low

	Paramsothy
201711
	Low
	Low
	Low
	Low
	Low
	Low

	Costello*
201712
	Unclear
	Unclear
	Low
	Low
	Low
	Low


 
* At the time of submission of this manuscript, Costello et al, 2017 had been presented in abstract form but had yet to undergo full publication peer review 


TABLE A4: Summary of Meta-Analyses – Main Results


	Meta-analysis
	Number of studies included
	Model
	Effect size
	Lower limit
	Upper limit
	Heterogeneity

	
	
	
	
	
	
	Cochran's Q
	Q p-value
	I2

	Clinical Remission
	 
	 
	 
	 
	 
	 
	 
	 

	Cohorts UC - clinical remission
	24
	Random
	0.325
	0.234
	0.432
	50.148
	0.001
	54.135

	Cohorts CD - clinical remission
	6
	Random
	0.518
	0.311
	0.719
	10.467
	0.063
	52.230

	RCT UC - clinical remission
	4
	Random
	2.885
	1.359
	6.127
	4.784
	0.188
	37.288

	RCT UC - clinical remission (without Rossen et al)
	3
	Both
	4.052
	2.082
	7.885
	0.490
	0.783
	0.000

	Clinical Response
	 
	 
	 
	 
	 
	 
	 
	 

	Cohorts UC - clinical response
	20
	Random
	0.521
	0.398
	0.641
	45.389
	0.001
	58.140

	Cohorts CD - clinical response
	4
	Random
	0.632
	0.297
	0.875
	10.378
	0.016
	71.093

	RCT UC - clinical response 
	4
	Random
	2.481
	1.182
	5.209
	6.205
	0.102
	51.654

	RCT UC - clinical response (without Rossen et al)
	3
	Both
	3.389
	1.904
	6.035
	1.633
	0.442
	0.000





Table A5. Publication bias

	Meta-analysis
	Egger's testa

	UC - Cohort studies - Clinical remission
	0.055

	CD - Cohort studies - Clinical remission
	0.042

	UC- RCTs- Clinical remission
	0.960

	UC - Cohort studies - Clinical response
	0.481

	CD - Cohort studies - Clinical response
	0.562

	UC- RCTs- Clinical response
	0.333



UC, ulcerative colitis; CD, Crohn’s Disease; RCTs, randomized controlled trials
a. Two tailed P-value



TABLE A6: Subgroup Analyses

	Meta-analysis
	Subgroup analysis
	Number of studies included
	Model
	Effect size
	Lower limit
	Upper limit
	Heterogeneity

	
	
	
	
	
	
	
	Cochran's Q
	Q p-value
	I2

	Clinical Remission
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Paediatric vs Adult
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cohorts UC - clinical remission
	Adult population
	18
	Random
	0.344
	0.243
	0.462
	40.886
	0.001
	58.421

	Cohorts UC - clinical remission
	Paediatric population
	6
	Random
	0.225
	0.074
	0.513
	7.739
	0.171
	35.391

	Cohorts CD - clinical remission
	Adult population
	4
	Random
	0.455
	0.177
	0.765
	10.229
	0.017
	70.671

	Cohorts CD - clinical remission
	Paediatric population
	2
	Both
	0.538
	0.281
	0.777
	0.034
	0.853
	0.000

	FMT methodology
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cohorts UC - clinical remission
	Upper GIT infusion
	4
	Both
	0.174
	0.084
	0.324
	1.850
	0.604
	0.000

	Cohorts UC - clinical remission
	Lower GIT infusion
	14
	Random
	0.357
	0.237
	0.499
	30.385
	0.004
	57.216

	Cohorts CD - clinical remission
	Upper GIT infusion
	3
	Random
	0.533
	0.195
	0.844
	6.741
	0.034
	70.329

	Cohorts CD - clinical remission
	Lower GIT infusion
	1
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Cohorts UC - clinical remission
	Fresh
	14
	Random
	0.280
	0.153
	0.457
	35.207
	0.001
	63.076

	Cohorts UC - clinical remission
	Frozen
	4
	Random
	0.360
	0.134
	0.671
	8.039
	0.045
	62.680

	Cohorts CD - clinical remission
	Fresh
	4
	Random
	0.360
	0.140
	0.660
	4.242
	0.236
	29.278

	Cohorts CD - clinical remission
	Frozen
	1
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Cohorts UC - clinical remission
	Number of infusions (1) 
	11
	Random
	0.234
	0.108
	0.434
	32.570
	0.000
	69.297

	Cohorts UC - clinical remission
	Number of infusions (2-4)
	3
	Both
	0.276
	0.123
	0.509
	1.355
	0.508
	0.000

	Cohorts UC - clinical remission
	Number of infusions (5-10)
	4
	Random
	0.352
	0.173
	0.584
	5.792
	0.122
	48.206

	Cohorts UC - clinical remission
	Number of infusions (<10) 
	18
	Random
	0.271
	0.171
	0.401
	40.690
	0.001
	58.220

	Cohorts UC - clinical remission
	Number of infusions (>10) 
	3
	Random
	0.487
	0.208
	0.774
	2.807
	0.246
	28.751

	Cohorts CD - clinical remission
	Number of infusions (1) 
	5
	Random
	0.588
	0.408
	0.748
	6.318
	0.177
	36.692

	Cohorts CD - clinical remission
	Number of infusions (2-4)
	1
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Cohorts CD - clinical remission
	Number of infusions (5-10)
	0
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Cohorts CD - clinical remission
	Number of infusions (<10) 
	6
	Random
	0.518
	0.311
	0.719
	10.467
	0.063
	52.230

	Cohorts CD - clinical remission
	Number of infusions (>10) 
	0
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Cohorts UC - clinical remission
	Bowel lavage - Yes
	16
	Random
	0.299
	0.185
	0.445
	35.015
	0.002
	57.162

	Cohorts UC - clinical remission
	Bowel lavage - No
	3
	Random
	0.471
	0.324
	0.623
	2.207
	0.332
	9.400

	Cohorts CD - clinical remission
	Bowel lavage - Yes
	6
	Random
	0.518
	0.311
	0.719
	10.467
	0.063
	52.230

	Cohorts CD - clinical remission
	Bowel lavage - No
	0
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Cohorts UC - clinical remission
	Pre-antibiotic-Yes
	7
	Random
	0.329
	0.170
	0.540
	14.370
	0.026
	58.246

	Cohorts UC - clinical remission
	Pre-antibiotic-No
	13
	Random
	0.278
	0.156
	0.444
	30.598
	0.002
	60.781

	Cohorts CD - clinical remission
	Pre-antibiotic-Yes
	3
	Both
	0.476
	0.246
	0.717
	1.733
	0.420
	0.000

	Cohorts CD - clinical remission
	Pre-antibiotic-No
	3
	Random
	0.535
	0.224
	0.822
	7.635
	0.022
	73.806

	Cohorts UC - clinical remission
	Related donor
	2
	Random
	0.245
	0.000
	0.995
	10.308
	0.001
	90.299

	Cohorts UC - clinical remission
	Unrelated donor
	8
	Random
	0.362
	0.201
	0.561
	16.073
	0.024
	56.449

	Cohorts CD - clinical remission
	Related donor
	1
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Cohorts CD - clinical remission
	Unrelated donor
	2
	Random
	0.398
	0.103
	0.792
	1.685
	0.194
	40.661

	Severity of disease
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Cohorts UC - clinical remission
	Mild
	0
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Cohorts UC - clinical remission
	Moderate
	17
	Random
	0.330
	0.218
	0.465
	37.419
	0.002
	57.241

	Cohorts UC - clinical remission
	Severe
	3
	Random
	0.337
	0.074
	0.763
	5.375
	0.068
	62.788

	Cohorts CD - clinical remission
	Mild
	0
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Cohorts CD - clinical remission
	Moderate
	4
	Random
	0.629
	0.478
	0.758
	3.672
	0.299
	18.291

	Cohorts CD - clinical remission
	Severe
	1
	NA
	NA
	NA
	NA
	NA
	NA
	NA



I2, Higgin’s test; UC, ulcerative colitis; CD, Crohn’s disease; FMT, fecal microbiota transplant; NA, not available 















TABLE A7: Microbial Findings in Clinical Studies of FMT in IBD

	Disease
	Type of Trial
	Year
	Author
	Microbial Findings

	UC
	Case Report
	2016
	Kumagai24
	Different microbiota composition of patient from donor post FMT, no stable engraftment of donor microbiota

	UC
	Case Report
	2016
	Shimzu26
	Dramatic change in microbiota towards donor with increased Bacteroides, Acidaminococcus, Eubacterium and Faecalibacterium (detected at week 3, maintained at week 32)

	UC
	Cohort
	2013
	Angelberger32
	Abundant bacteria from donors established in recipients, but the efficiency and stability of donor microbiota colonisation varied greatly. Transient increase in recipient phylotype richness and similarity to donor. In 1 patient with clinical response, microbiota augmented by FMT with successive colonisation of donor derived phylotypes.

	UC
	Cohort
	2013
	Kump33
	No significant difference in the relative abundance of phyla between mucosal and faecal samples. In 3 patients, colonic microbiota changed towards donor but didn't correlate with clinical response. Significant reduction in Proteobacteria and increase in Bacteroidetes post FMT.

	UC
	Cohort
	2015
	Cui35
	FMT altered the composition of the recipient microbiota significantly, and became highly similar to that of the donor in those with successful treatment

	UC
	Cohort
	2015
	Damman36
	No significant difference was found on Shannon diversity index between donor and recipient baselines or between pre- and post-FMT samples. Majority of post-transplant increases were in species already present in the recipient at baseline. 40% DSI achieved in 60% of patients.

	UC
	Cohort
	2015
	Kellermayer38
	Recipient microbiomes remained distinct from that of donor though there was transient engraftment of donor microbiome, with increase in recipient microbiome richness and diversity. Of the OTUs that were increased in abundance 61.5% belonged to Lachnospiraceae. Coprococcus was the only genus that increased in abundance by more than two-fold.

	UC
	Cohort
	2015/16
	Kump39, 68
	14 unique donors; Higher microbial diversity in donors associated with response; significantly higher Akkermansia muciniphila and Ruminococcaceae in donors associated with remission; engraftment of the donor microbiota was not associated with treatment success, since all recipient microbiota, regardless of response, shifted towards the respective donor microbiota; no specific differences in the microbiota structure of responder and non -responder prior to FMT. Conclusion: Taxonomic composition of donor microbiota, especially high abundance of A. muciniphila and unclassified Ruminococcaceae is a major factor for efficacy of FMT in chronic active UC. Selective focus on composition of donor microbiota might increase efficacy of FMT in chronic active UC.

	UC
	Cohort
	2016
	Vermeire42
	Species richness increased in all patients with FMT. At week 8, there was a trend towards higher bacterial richness in patients responding to FMT than non-responders. Donor microbiota richness and number of transferred phylotypes were associated with treatment success; significantly higher bacterial richness was found in donors whose stools resulted in successful FMT (p = 0.012). Non-significant trend of higher richness at baseline in patients who successfully responded to FMT.

	UC
	Cohort 
(pectin RCT, FMT in both arms)
	2016
	Wei48
	Increase in microbial diversity with FMT (regardless of pectin intake); no difference in microbial diversity post treatment in FMT group vs FMT + pectin group, but greater similarity between FMT + pectin group to donor relative to FMT alone group

	UC
	Cohort (preliminary data from RCT)
	2016
	Pai49
	Variability in alpha diversity and taxonomic richness with treatment

	UC
	Cohort
	2016
	Jacob50
	Significantly increased recipient microbial diversity post FMT; community composition at week 2 and 4 more similar to the donor than recipient at baseline

	UC
	Cohort
	2016
	Nishida51
	Higher Bifidobacterium in donor faeces used for responders than non-responders; higher Lactobacillales and Clostridium cluster IV in donor faeces of non-responders; no significant difference in microbial diversity of donor faeces used in responders vs non-responders or in patients themselves post FMT between responders and non-responders

	UC
	Cohort
	2017
	Ishikawa54
	Antibiotic associated dysbiosis reversed with FMT with recovery of Bacteroidetes proportion in responders

	UC
	RCT
	2015
	Moayeddi9
	Significant change in microbiota composition with greater diversity with FMT compared with placebo at week 6 vs baseline (P= .02). Increased similarity between recipients post-FMT and their respective donors. Distinct differences in donor microbial profiles: significant enrichment for Lachnospiraceae and Ruminococcus
in donor B, and donor A displayed enrichment for Escherichia and Streptococcus. Notably donor’s B and F had similar profiles and both were associated with
successful FMT. There was a trend for responders having microbiota that was more similar to donor B than non-responders, but this did not achieve statistical significance

	UC
	RCT
	2015/7
	Rossen10
Fuentes67 
	At baseline, non-responders showed reduced taxa from the Clostridium cluster XIVa, and significantly higher levels of Bacteroidetes compared to donors, with differences retained at 12 weeks. Sustained remission was highly associated with a shift to a Clostridium IV and XIVa enriched signature, including many butyrate producers, while relapse was associated with Proteobacteria and Bacteroidetes. ButCoA genes and known butyrate producers were enriched in responders. No differences were observed in microbiota composition of mucosal biopsies between responders and non-responders. Conclusion: At 12 weeks, microbiota of responders was similar to that of their donors; remission was associated with Clostridium IV and XIVa

	UC
	RCT
	2016/7
	Paramsothy11, 66
	In both faecal and colonic samples α-diversity significantly increased with FMT relative to baseline (p<0.005); this persisted 8 weeks after FMT. FMT significantly influenced patient microbial profiles, with the shift towards healthy donor microbiota most notable at the genus and OTU levels. LEfSe analysis showed a decrease in patient Bacteroides and an increase in donor Prevotella with FMT, independent of clinical outcome. Patients receiving FMT who achieved remission had greater baseline faecal and colonic mucosal α-diversity than those who did not achieve remission, and also had greater resultant diversity with and after FMT treatment. Specific taxa were consistently significantly associated with FMT remission across both faecal and colonic samples: taxa within Barnesiella were associated with remission, while taxa within Fusobacterium and Sutterella were associated with lack of remission. Conclusion: Baseline patient microbial diversity in UC appears to be predictive of therapeutic response to FMT. Intensive FMT is associated with increased microbial diversity, with the greatest diversity noted in patients achieving remission. Increased diversity persists 8 weeks after cessation of therapy. Specific bacterial taxa are transplanted or displaced by FMT, some of which are associated with treatment outcome. 

	Disease
	Type of Trial
	Year
	Author
	Microbial Findings

	CD
	Case Report
	2014
	Kao57
	Patients microbial profile changed towards that of donor post FMT and remained stable 4 weeks’ post FMT

	CD
	Cohort
	2015
	Suskind60
	Engraftment in 7/9 patients on metagenomic stool analysis. No or modest improvement was seen in patients who did not engraft or whose microbiome was most similar to their donor.

	CD
	Cohort
	2016
	Vermeire42
	Transfer of 4 microbial phylotypes in 1 CD patient with temporary improvement in symptoms

	CD
	Cohort
	2016
	Vaughn61
	Significant increase in microbial diversity of patients post FMT; greater in responders than non -responders. Shift in microbial profile of responders towards donor, particularly at species level. Multiple metabolic pathways increased in responders after FMT compared with non-responders, including serine and glutamine metabolic pathways, folic acid metabolic pathways, and lipid A biosynthetic pathways. Most pathways increased in responders were related to increased energy metabolism or components needed for bacterial cell surface or cell walls. An increase in regulatory T cells was also noted in recipients’ lamina propria following FMT.

	Disease
	Type of Trial
	Year
	Author
	Microbial Findings

	Pouchitis
	Cohort
	2015
	Landy63
	No overall changes in bacterial richness or diversity of faecal or mucosal microbiota post FMT. Variable shifts in faecal and mucosal microbiota composition, with possible increased similarity to donor. Overall, decreased E. coli/Shigella and Ruminococcus and increased Sutterella post FMT, but not robust on adjusted threshold levels. 2 of 3 patients demonstrated a change from extended spectrum β-lactamase resistant to ciprofloxacin sensitive coliforms

	Pouchitis
	Cohort
	2016
	El-Nachef64
	Post FMT depletion of Clostridiaceae, Erysipelotrichaceae, Enterobacteriaceae, and enrichment of Streptococcus, Megamonas and Bacteroides

	Pouchitis
	Cohort
	2016
	Stallmach65
	3 patients analysed, 2 patients who had remission had shift in microbiota towards donor. 3rd patient who did not initially respond had a unique microbiome pattern, distinct from donor.





Figure A1: Forest Plot of FMT in Ulcerative Colitis Cohort Studies (Clinical Response)
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Figure A1. Forest plot of the meta-analysis of clinical response and FMT in ulcerative colitis including cohort studies available to date. The pooled proportion with 95% confidence intervals (CIs) were calculated using the random effects model (diamond). The filled squares represent the studies in relation to their weights. In this meta-analysis, four case-control studies (Kump et al 2015, Scaldaferri et al 2015, Pai et al 2016 and Ishikawa et al 2017) were included as cohorts (data from controls was removed) as the software did not allow the combination of one and two groups comparison analyses.


Figure A2: Forest Plot of FMT in Ulcerative Colitis RCTs (Clinical Response)

[image: ]

Figure A2. Forest plot of the meta-analysis of clinical response and FMT in ulcerative colitis including four RCTs available to date. The pooled ORs with 95% confidence intervals (CIs) were calculated using the random effects model (diamond). The filled squares represent the studies in relation to their weights. 











Figure A3: Forest Plot of FMT in Ulcerative Colitis RCTs (excluding Rossen et al)(Clinical Remission)
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Figure A3. Forest plot of the meta-analysis of clinical remission and FMT in ulcerative colitis including RCTs by Moayeddi el al 2015, Paramsothy et al 2017 and Costello et al 2017. Given the low variability observed between these studies, the pooled proportion with 95% confidence intervals (CIs) were calculated using both fixed and random effects model (diamond). The filled squares represent the studies in relation to their weights.


Figure A4: Forest Plot of FMT in Ulcerative Colitis RCTs (excluding Rossen et al)(Clinical Response)
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Figure A4. Forest plot of the meta-analysis of clinical response and FMT in ulcerative colitis including RCTs by Moayeddi el al 2015, Paramsothy et al 2017 and Costello et al 2017. Given the low variability observed between these studies, the pooled proportion with 95% confidence intervals (CIs) were calculated using both fixed and random effects model (diamond). The filled squares represent the studies in relation to their weights.




Figure A5: Forest Plot of FMT in Crohn’s Disease Cohort Studies (Clinical Response)
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Figure A5. Forest plot of the meta-analysis of clinical response and FMT in Crohn’s Disease including cohort studies available to date. The pooled proportion with 95% confidence intervals (CIs) were calculated using the random effects model (diamond). The filled squares represent the studies in relation to their weights.
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