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Abstract

AIM: To study the clinical efficacy and safety of Fecal
microbiota transplantation (FMT). We systematically
reviewed FMT used as clinical therapy.

METHODS: We searched MEDLINE, EMBASE, the
Cochrane Library and Conference proceedings from
inception to July, 2013. Treatment effect of FMT was
calculated as the percentage of patients who achieved
clinical improvement per patient category, on an
intention-to-treat basis.

RESULTS: We included 45 studies; 34 on Clostridium
difficile-infection (CDI), 7 on inflammatory bowel
disease, 1 on metabolic syndrome, 1 on constipation,
1 on pouchitis and 1 on irritable bowel syndrome
(IBS). In CDI 90% resolution of diarrhea in 33 case
series (n = 867) was reported, and 94% resolution
of diarrhea after repeated FMT in a randomized
controlled trial (RCT) (7 = 16). In ulcerative colitis
(UC) remission rates of 0% to 68% were found (n =
106). In Crohn’s disease (CD) (7 = 6), no benefit was
observed. In IBS, 70% improvement of symptoms
was found (7 = 13). 100% Reversal of symptoms was
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observed in constipation (7 = 3). In pouchitis, none
of the patients (7 = 8) achieved remission. One RCT
showed significant improvement of insulin sensitivity in
metabolic syndrome (7 = 10). Serious adverse events
were rare.

CONCLUSION: FMT is highly effective in CDI, and holds
promise in UC. As for CD, chronic constipation, pouchitis
and IBS data are too limited to draw conclusions. FMT
increases insulin sensitivity in metabolic syndrome.

Key words: Fecal microbiota transplantation; Microbiota;
Clostridium difficile infection; Inflammatory bowel
disease; Metabolic syndrome

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Aberrancies in the host’s microbiota have
been found in several diseases. The most radical way
to modulate the microbiota is by fecal microbiota
transplantation (FMT). FMT is already used for various
diseases while evidence from randomized studies is
only just emerging. We systematically reviewed the
efficacy of FMT in Clostridium difficile infection (CDI),
inflammatory bowel disease, constipation, irritable
bowel syndrome, pouchitis, and metabolic syndrome.
FMT could be incorporated in clinical practice for CDI;
patients with other indications should currently only be
treated in clinical trials. Upcoming randomized studies
on the long-term efficacy and safety of FMT will be
helpful in the implication of FMT in clinical practice.

Rossen NG, MacDonald JK, de Vries EM, D’Haens GR,
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INTRODUCTION

Interest is growing rapidly worldwide for fecal
microbiota transplantation (FMT) as a “natural” therapy
from both patients’- and physicians’ perspective. FMT
is popular among some patients because it is not
associated with adverse effects from regular medicinal
therapy. Apart from offering a potentially efficacious
therapy, FMT provides an ideal human model to study
the influence of modulating the microbiota in various
(pre-)disease states. The oldest account of FMT dates
back to the 4™ century, when a Chinese physician
named Ge Hong produced a paper, in which he advised
to consume fresh stool from a healthy neighbour when
suffering from severe diarrhea™. The first report in the
medical literature concerned four patients who were
successfully treated with FMT for pseudomembranous
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colitis in 1958™. Since that time several case series
on FMT have been published mainly on refractory and
recurrent Clostridium difficile infection (CDI), but also
for other intestinal diseases such as ulcerative colitis
(UC) and irritable bowel syndrome (IBS)®®. From the
1990’s FMT has been reported in chronic constipation,
Crohn’s disease (CD), pouchitis, metabolic syndrome,
chronic fatigue syndrome, idiopathic thrombocytopenic
purpura and even in multiple sclerosis’**!,

By performing a systematic review we aimed to
provide a comprehensive assessment of the efficacy
and safety of fecal microbiota transplantation used as
clinical therapy for various diseases and pre-clinical
conditions. Clinical efficacy of FMT was presented per
indication. In addition, we described safety data, route
of administration and criteria used for selection and
screening of donors.

MATERIALS AND METHODS

This study was executed according to 27 items included
in The PRISMA statement for reporting systematic
reviews!". All available articles in the English language
on clinical efficacy and safety of FMT used as clinical
therapy in human subjects were included in this
systematic review. These studies included randomized
controlled trials (RCTs) that compared FMT with
standard medical therapy or other active comparators,
placebo or no intervention. Observational studies
including case-control, cohort studies and case-series
(number of patients treated greater than one) were also
included. The search was not restricted to disease type,
pre-clinical condition, year of publication, publication
status or length of follow-up (FU). FMT was defined as
administration of a suspension of donor feces (either
fresh or frozen) into the gastrointestinal tract. If an
unclear definition of treatment was given, studies were
not included; bacteriotherapy with a suspension of
specific bacterial groups was not regarded as FMT. This
systematic review was not registered a priori nor was
a protocol published prior to the start of the study. In
the nature of this study, no request was performed for
ethics committee approval.

Outcome measures

Efficacy of FMT was assessed by clinical improvement
as defined by the authors in the included studies.
Clinical improvement was defined as a resolution of
diarrhea in CDI and, if available, the proportion of
patients free from relapse during the follow-up period,
clinical remission and/or clinical improvement in UC and
CD, and dlinical improvement in pouchitis, constipation
and IBS. In metabolic syndrome, clinical improvement
after FMT was defined as the effect on peripheral
insulin sensitivity. Secondary outcomes included: the
proportion of patients who experienced any adverse
event (AE), withdrawal due to adverse events, serious
adverse events (SAE’s) (deaths or hospitalization)
and adverse events potentially associated with fecal
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transplantation including perforation, post-transplant
sepsis or bacteremia, and transmission of communicable
disease.

Search strategy and selection criteria

We searched MEDLINE, EMBASE, and the Cochrane
Library from inception to July 2013 using the search
terms “feces”, “faeces”, “stool”, or “microbiota”
combined with, “donor”, “donation”, “transplantation”,
“therapy”, “infusion” or “bacteriotherapy” with assistance
of a clinical librarian. Conference proceedings: European
Crohn’s and Colitis Organization (ECCO 2009 to 2013);
the United European Gastroenterology Week (UEGW
2010 to 2013); the European Congress of Clinical
Microbiology and Infectious Diseases (ECCMID 2012 to
2013); the Infectious Diseases Society of America (IDSA
2003 to 2012); Digestive Disease Week (DDW 1979 to
2013); and the American College of Gastroenterology
(ACG from 2010 to 2013) were searched to identify
abstract publications. The search was limited to human
subjects and English written articles. References from
review articles were also searched to identify applicable
studies that may have been missed by the database
searches.

Data extraction

Records were imported into a bibliographic database
and duplicates were removed manually. Where possible,
those with potential overlaps in patient populations
were identified before the analysis. In case of any
uncertainty of duplicate data or where missing data
were encountered, the author was contacted. Two
authors (NGR and EMdV) independently assessed
articles by title and abstract to determine eligibility. Full
text articles were obtained for all studies deemed to be
potentially eligible. Disagreements were resolved by
discussion and consensus. The first author extracted
data on the patient group (P), intervention (I),
comparison (C) and outcome (O). Included studies
were categorized according to indication for FMT. If
patients received FMT for multiple indications [e.g.,
inflammatory bowel disease (IBD) and CDI] patients
were categorized according to the condition for which
the primary endpoint of the study was established.

Methodological quality of included studies

The Cochrane risk of bias tool was used to assess the
methodological quality of the included RCT’s, each
study was assessed for sequence generation, allocation
concealment, blinding, handling of incomplete outcome
data, selective outcome reporting and other sources
of bias™. These items were rated as low (e.g., the
study was double-blind and an identical placebo was
used), high (e.g., study was open label), or unclear
risk of bias (e.g., procedures for blinding were not
adequately described). As no validated tool for the
assessment of risk of bias in observational studies
was available, we used the eight criteria for quality
assessment of case series, published by Chambers et
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al'®l, These criteria address both quality of reporting
as risk of bias. Each study was assessed for: adequate
reporting of eligibility criteria, representative patient
population, reporting measures of variability, reporting
of loss to follow-up, follow-up of at least 90% of the
included patients, prospective inclusion, consecutive
recruiting of patients and relevant prognostic factors.
These items were rated as “yes” or “no” resulting in an
overall rating of “good”, if the answer was “yes” to all
eight criteria; “satisfactory”, if the answer was “yes” to
criteria 2, 4-7 and “poor”, if the answer was not “yes”
to one or more of the criteria listed for “satisfactory.”

Statistical analysis

The efficacy of treatment was compared across
studies per treatment category. If more than one
RCT was available per indication, a meta-analysis on
efficacy of treatment was performed as appropriate.
We intended to pool the data for meta-analyses if
the patient groups, outcomes and interventions were
sufficiently similar. This was determined by consensus.
For case series, a summary of efficacy of treatment
was reported. The overall treatment effect of FMT was
calculated as the percentage of patients who received
FMT and achieved clinical improvement per treatment
category. All analyses were carried out on an intention-
to-treat (ITT) basis. As such, dropouts or withdrawals
before the completion of the studies were considered
to be treatment failures. If possible, the presence of
heterogeneity among studies was assessed using the
7’ test, the I* statistic was used to assess the degree
of inconsistency between the trials!'’”). Sensitivity
analyses were performed to investigate statistically
significant heterogeneity. A sensitivity analysis was
conducted to determine the impact of trial quality on
the overall results. Trials deemed to be at high risk
of bias were excluded from the analysis to see if the
results changed. Efficacy of FMT was compared per
route of administration (nasogastric or nasoduodenal
tube infusion vs infusion into the colon vs retention
enema). Data were analyzed using the SPSS statistics
20 software.

RESULTS

Study selection

After duplicate removal, the search yielded 2029
records. Based on screening of title and abstract 1817
records were excluded, mainly because the topic did
not pertain to FMT. For the remaining 212 records,
reasons for exclusion are shown in Figure 1. Forty-five
studies met the inclusion criteria and were included
in the review. Only two RCTs were found, all other
studies were retrospective series or pilot studies.

Risk of bias within studies

A quality assessment of included case series is
presented in Table 1. Forty-two case series were rated
as “poor”, only one of the included case series was
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Records identified through
MEDLINE search
n = 1059

Records identified
through EMBASE search
n = 1705

Records identified through

Records identified through
other sources
n =54

COCHRANE
n =172

Records after duplicates removal
n =2029 Records excluded (7 = 167) Based on
‘ Comment on article 26
Article screened on basis of title and abstract Article not in English language 5
n =212 Interview 4
Full text could not be obtained 11
} Review or meta-analysis 62
Opinion or expert panel 13
Included in analyses 7 = 45 Unclear definition of treatment 2
Protocol 5
Clostridium difficile 34 Case report 21
IBD 7 No clinical outcome 7
Constipation 1 Duplicate data 11
Metabolic syndrome 1
Pouchitis 1
IBS 1

Figure 1 Identification, screening, eligibility and inclusion of studies. IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome.

rated as “satisfactory”. None of the case series was
considered to be of “good” quality. In 15 of the 43 case
series, patients were prospectively included. Quality
assessment of two included randomised studies is
shown in Table 2. The study performed by Vrieze et
al" was rated as high methodological quality on four
out of five items, the study by van Nood et a*® was
rated as “high” methodological quality on three items.
A sensitivity analysis to determine the impact of trial
quality on the overall results could not be properly
executed, due to the overall “poor” assessed quality of
the included case series. Excluding the 32 case-series
deemed to be at high risk of bias for sub-analyses of
efficacy of fecal transplantation in CDI would result
in determination of treatment effect in only one case
series qualified as “satisfactory” compared to the only
RCT included for this indication. In IBD, all included 7
studies were assessed equally as “poor” quality, which
made further comparison between studies impossible.

Patients, treatment information, and donor screening

The studies were published between 1958 and 2013.
A total number of 1029 patients underwent FMT. The
clinical efficacy of FMT was assessed in patients with:
CDI****% (n = 883), IBDP** (n = 112), IBS®"! (n
= 13), pouchitis® (n = 8), constipation® (n = 3)
and metabolic syndrome!® (n = 10 randomised to
the donor feces arm). Age of the included patients
varied widely from 6 to 94 years. Two studies on
fecal transplantation in pseudomembranous colitis
published in 1958 and 1981 were regarded as fitting
the diagnoses of CDI although determination of
Clostridium toxin was not available in the first study
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and not routinely used in 19817°%, Assessment of
Clostridium toxin in the stool was not performed in all
studies to confirm the diagnose CDI before treatment,
nor to assess whether there was adequate clearance
of CDI after treatment. Most of the studies measured
clinical response with regard to patients’ symptoms.
The diagnoses of IBD was confirmed by pathology
in three studies®>***!, the other four studies did not
confirm the diagnoses of IBD beyond clinical diagnoses
by the treating physician®">>***®), Pinn et al*”’ did not
describe criteria for the diagnoses of IBS and included
patients with diarrhea-predominant, constipation-
predominant and IBS patients with alternating stool
pattern. Landy at al'® confirmed chronic refractory
pouchitis clinically, endoscopically and histologically.
Borody et al*® defined chronic constipation as a stool
frequency of once every four to seven days associated
with symptoms. Vrieze et a/™® used the following
criteria for recruiting patients with a metabolic
syndrome: a body mass index > 30 kg/m? or waist
circumference > 102 cm and a fasting plasma glucose
level > 5.6 mmol/L.

Follow-up varied between ten days to eight
years in CDI, 12 wk to 16.5 years in IBD, six to 18
mo in IBS, four weeks in pouchitis, one to 28 mo in
constipation and six weeks in metabolic syndrome. Of
the 45 included studies, two were randomised trials of
FMT for CDI and metabolic syndrome, in which FMT
was compared with active comparators or placebo
respectively. van Nood et al*® conducted an open-
label, RCT in patients with CDI in which the infusion
of donor feces was preceded by a short regimen of
vancomycin and bowel lavage, a standard vancomycin
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Table 1 Quality assessment of selected case series according to the Chambers criteria

Indication for Author Year Publication 1 2 3 4 5 é 7 8 Case series quality
FMT type (J, CA) rating
CDI Aas 2003 J + + + + + - - - Poor
Arkkila 2010 T - + + e + + - - Poor
Aroniadis 2013 T + - + e + - - - Poor
Bansal 2013 J - + - - ? - - - Poor
Bobo 2013 CA 1 - S T T 1 - - Poor
Borody 2013 CA - + + - ? - - - Poor
Bowden 1981 T - - + T + - - - Poor
Brandt 2012 ] i G % T + = - - Poor
Byrne 2008 CA + + - - + + - - Poor
Eisman 1958 J - - - - - - - - Poor
Elopre 2013 J - - - - + - - - Poor
Fischer 2013 CA - - + + + - - + Poor
Garborg 2010 J + + - + + - - - Poor
Hamilton 2012 J + + + + + + + + Good
Thunnah 2013 CA - - + + - - - - Poor
Jorup-Ronstrom 2012 J + + + + + - - - Poor
Kassam 2010 CA - + + + + + + - Satisfactory
Kelly 2012 J - + + + + - - - Poor
Khanna 2013 CA + + + - + + - - Poor
Louie 2013 CA + - - - - - - - Poor
MacConnachie 2009 J + + - - + - - - Poor
Mattila 2012 J + + + 1 + - - + Poor
Mellow 2010 J - + + 1 + - - - Poor
Miller 2010 J - + - - + - - - Poor
Neelakanta 2011 J - - - i + - - - Poor
Newton 2013 CA - - - - - - + - Poor
Potakamuri 2013 CA - + + - ? - - - Poor
Rohlke 2010 ] - + - + + - - - Poor
Rubin 2013 ] + + + o + - - - Poor
Shiekh Sroujieh 2012 CA iz iz iz ¥ T 1 - - Poor
Silverman 2010 ] - + - - + - - - Poor
Yoon 2010 ] + + + i + - - - Poor
Youngster 2013 CA + + - + + + - - Poor
IBD Angelberger 2012 ] - iz - F T iz - - Poor
Borody 2012 CA - + + + + - - - Poor
Greenberg 2013 CA - iz Sz = - - - iz Poor
Kump 2013 CA - + - + + + - - Poor
Kump 2013 J + + + + + + - + Poor
Kunde 2013 ] + + + + + + - +/- Poor
Vermeire 2012 CA - + + + + + - - Poor
IBS Pinn 2013 CA - - + - + - - - Poor
Pouchitis Landy 2013 CA iz - Sz ¥ T iz - - Poor
Constipation Borody 2001 J - - - - + + - - Poor

'Sixteen out of 21 treated patients were successfully contacted for FU; %62 patients with FU results were included. Chambers criteria: (1) were selection/
eligibility criteria adequately reported? (2) was the selected population representative of that seen in normal practice? (3) was an appropriate measure of
variability reported? (4) was loss to follow-up reported or explained? (5) were at least 90% of those included at baseline followed up? (6) were patients
recruited prospectively? (7) were patients recruited consecutively? and (8) did the study report relevant prognostic factors? J: Journal article; CA:
Conference abstract. ?: Unknown; CDI: Clostridium difficile-infection; IBD: Inflammatory bowel disease; IBS: Irritable bowel syndrome.

Table 2 Methodological quality of included randomised trials

Ref. Random sequence Allocation concealment Blinding Incomplete outcome Selective reporting
generation data
Vrieze et al™ Low" Unclear’ Low’ Low* Low

1[18]

van Nood et a Low' Unclear® High® Low Low

' Automated biased coin minimization, computer generated randomisation not in the paper but verified by the first author; *Not described; rated as unclear
for this item; *Patients were randomised to either allogenic or autologous feces a, open label design; *All patients completed the study; two subjects were
excluded from analyses because of antibiotic use during the trial unrelated to the microbial infusion, all except one patient (due to a clinically driven
protocol deviation) were taken into the intention to treat analyses.
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regimen, or a standard vancomycin regimen with
bowel lavage. Vrieze et a/*® conducted a double-
blind placebo controlled trial, which compared the
infusion of fecal intestinal microbiota from lean
donors to autologous microbiota infusion in male
recipients with metabolic syndrome. The remaining
43 included studies were uncontrolled case series,
in which patients were treated with FMT via the
upper gastrointestinal tract (tube infusion via the
stomach, duodenum or jejunum or oral ingestion of
gelatin coated capsules containing microbes after
centrifugation of a suspension of donor feces) or via
the lower gastrointestinal tract or colon (infusion via
the endoscope channel into the terminal ileum, coecum
or sigmoid or rectal infusion by enema’s). Infusion via
the upper GI route supposedly leads to more profound
replacement of the microbiota in the small bowel and
proximal colon. The mode of infusion for each study
was categorized into administration via the upper GI
tract (U), colon (C) or retention enema (C°) Table 3.
The amount of fresh feces prepared for infusion or the
amount of infused fecal suspension was reported in
23 studies and varied from 30 to 250 g of fresh stool,
20 mL to 350 mL of fresh stool, 6 to 8 tablespoons of
fresh stool in studies in which the amount of prepared
feces per treatment was reported and 30 to 700 mL
fecal infusion if the amount of infused suspension after
adding saline solution was reported. FMT regiments
varied between single treatments to 14-d regiments
(Table 3). Different donors were used among studies;
donors could be family friends, partners, relatives,
friends or unrelated healthy subjects. Relation of the
donor to the patient was expressed in 3 categories:
“genetically related” (e.g., 1% or 2" degree relative),
“sharing the same household”; (e.g., partner) or
“other” (e.g., healthy volunteer) (Table 3). Table
4 shows the protocol for screening of fecal donors
as used in the two RCT's!"**®, In 2013, already an
optimized screening protocol for fecal donors was
published by the same authors®®, which concerns not
only the risk for transmission of infectious diseases,
but also to the risk of transmitting other (autoimmune)
diseases with regard to several conditions that may be
transferred through feces.

Efficacy of FMT in CDI and IBD

CDI: In 33 case series published on CDI, the efficacy
of FMT (defined as “resolution of diarrhea”) ranged
from 87.8% to 90.0% in repeated FMT's, comparable
to a treatment effect of 81% to 94% in repeated
FMT's in the single published RCT. Treatment efficacy
> 80% was achieved in severe and complicated
CDI™", hospitalized patients™®*!, immunocompromised
patients®®*!, patients with > 3 episodes of CDI in
their medical history®” and patients with underlying
IBD™®**, Resolution of diarrhea and relapse-free
FU (reported in 21 out of 34 studies) was 80.9%
(range 46% to 100%). Number, age and gender of
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patients enrolled, additional clinical data on patient
group, duration of follow-up, primary outcome and
the percentage of included patients free from relapse
during follow-up are shown in Table 5.

IBD: Of patients treated with FMT for IBD, six patients
were treated for CD and 106 for UC; four UC patients
treated by Greenberg et al*®. had concomitant CDI.
All patients had active disease at inclusion varying
from mild disease activity to therapy refractory
disease. Location of IBD was reported in three out of
seven studies. CD was located ileocolonic (n = 3) and
restricted to the colon (n = 1) in the series published
by Vermeire et al®>. Extent of disease in UC was
mostly a pancolitis’®***!. Response to therapy was
measured by five different assessments in UC: patient
reporting of symptoms on a questionnaire comparing
pre- and post-FMT data®®®; (clinical) Mayo score®**"!;
the total Mayo score®"; the Paediatric UC Activity Index
in children®; and the modified Powell-Tuck index™.. In
CD, two different clinical evaluation tools were used:
“patient reporting of symptoms on a questionnaire
comparing pre- and post-FMT data™® and the Crohn’s
Disease Activity Index". Five of the included studies
used endoscopy for evaluation of mucosal response.
Patients underwent endoscopy shortly after treatment
(range 1 d to 90 d)®"***%, or on the longer term
(1-198 mo, 34% of the patients were evaluated by
endoscopy) in UC™. CD patients were evaluated by
endoscopy eight weeks after FMT™*,

Clinical outcome data (measured by different
standards) for FMT in IBD are shown in Table 6. In
three of six studies on UC in which clinical remission
was reported the percentage of patients who achieved
clinical remission varied between 0% and 68%"°*>%,
Clinical improvement was reported in six studies and
varied between 20% and 92%>°'>*>®],

In CD, the four patients treated by Vermeire et
al** did not experience clinical improvement after FMT.
Greenberg et al®® reported “improved frequency of
disease flares” in 63% of the patients; combined for
both UC and CD, results for “improvement of diarrhea”
were reported separately, and one out of two treated
CD patients reported a decrease in diarrhea frequency.
In the four CD patients in whom an endoscopy was
performed 8 wk after treatment, no endoscopic benefit
was observed™.

FMT in other indications

In total, three patients were treated for chronic
constipation as part of a case series on FMT in both
chronic constipation and UCP®. In 100% of the
patients there was complete reversal of constipation;
defecation occurred one to two times per day without
laxatives with an accompanying resolution of most
associated symptoms such as episodic nausea and
vomiting, bloating and abdominal pain, after FMT.
Pinn et al®” treated 13 IBS patients, resolution or

May 7, 2015 | Volume 21 | Issue 17 |



Rossen NG et a/. Fecal microbiota transplantation as novel therapy

AN 0 N 0 N AN NN <l omon N €10T 19983unox
0 0 0 0 H pued AN NN 1 o] NN 0102 UOoOX
ol oSl 0 ST O pue H pue H AN 306 < <l n A €10T POON UEA 1as
0 0 0 i H pued AN T g <l D N 010C UBULIDATIS
0 0 0 0 NN AN 3 05-0¢ 1 oon NN c10c ya1noig yemys
0 0 0 0 (@] AN Tu G 1 n N €10T urqny
—Umm—‘—wﬁm
AN AN AN AN O pue H pue 5 TW 0G€-00C AN T o) A 010T Yoy
@H \QHV [ AN AN N AN AN NN a1 AN AN ¢10C Lnureyeoq
£ AN AN N N AN AN AN AN AN ¢10C UOIM3IN
AN AN AN NN HI0D AN AN 7d 8 pgz :13d T o) NN 1102 ejuReRIN
AN NN 0 N H pue D NN NN T o] N 010C ESl LAY
£ 0 0 0 NN NN NN T o] N 010C MO[IPIN
uorsuadsns
L 0 0 0 O pue H pue H TW ot W 0g-0C T O A c10C e[eN
AN 0 0 0 (@] AN 30¢ 1 n N 600C SIDEUUO)OEN
AN AN N NN A AN 305 sded p¢-1¢ n A €10T amo]
0 0 0 0 N AN 305 1 O NN €10T euueysy
0 0 0 0 A AN suoodsa[qe) g-9 1 o] A c10T Ay
0 0 0 0 N AN AN ¢l D N 0102 uressey
uorsuadsns
0 0 0 0 O D 0¢ EOGC@Q@EW D 0¢ [} C®) AN 10T EDme@NTQSHOH
s8 74T 0 AN q AN AN AN ¢l AN AN ¢10C yeuunyp
0 0 0 ST O pue H pue 5 AN 305 ¢l o) A 4114 uoj[rureHy
e 0 0 0 O pue H pue 5 AN 300105 T olon N 010T S10qreD)
0 0 0 0 (@] AN AN ¢l o) A ¢10C Iayosty
0 0 0 0 R AN AN 1 n AN £10C axdorg
0 0 0 0 (@] AN AN 14 D N 8G61T uewsry
0 0 0 ¥ O pue H pue 5 NN £.005-00€ €1 D N 800¢C auidg
pasnjur
0 0 0 0 O pue H pue H 99 004-00€ AN T o] N rqir4 jpuerg
£ 0 0 0 O pueH AN AN T N pueap N 1861 uspmog
0 0 0 0 NN AN AN [4at" NN AN €10T Aporog
AN AN N NN N AN NN <l 9D pue N N €10T oqog
NN AN NN N OPpue(H 0D AN AN N D pue N €10T [esueg
B 0 NN NN N AN AN <l AN NN €10T SIperuory
L 0 N NN OPpue(HI0D NN W 0g-0C <l o] A 010C B[PV
74 0 0 0 O pued AN 30¢ 1 n NN €00T sey 1as
(4) iy (qw Jo ) (suoodsajqel/3/qur) (u) (N/A) ¢asene]
YIIM pajeposse (u) 3e 0y pasnjui jusuneas) 1ad [003s  suopejue|dsuel} |UOHENSIUIWIPE  [3MOq YIIM
(u) aeg Ajenudjod ay  anp [emeipym (u) ?e Aouoq uoisuddsng ysalj Jo junowry Jo _qUINN Jo 3oy jusunean-ald JIedx Joyne s uonedipuj

S3IPN)S [[e J0j pasuewiuns ‘uopejuejdsues) eIOIGOIIW [BI3) UO UOIRULIOJU] JUdWIed] § d[qel

May 7, 2015 | Volume 21 | Issue 17 |

5365

WIJG | www.wjgnet.com

JRaishideng®



Rossen NG et a/. Fecal microbiota transplantation as novel therapy

1uaned Aue ul Jnd2o

J0U pIp 1IN4 O1 9Np SISeasIp 9|gedIunwwIod JO uoissiwsuel] ‘papiodal sem Adodsouojod eia |4 Y3 AQ pasned Jea) |esoonw jepuladns v ~anbuol ay3 uo siaisiq pue
‘asdejjod ‘diy ay3 uo eisaisseled ‘ewsyidia ‘ssaulydll ‘anbie) (auem s3y papiodal pajejas Al SS3 (L JUSISS|0pe BUO Ul PaIINdd0 (SAep 99.y) J0) sewaus o Buiyes))
90UB.ID|03UI JUBWIIRaI] 0] 9Np [eMeIpUIA "siuaied |je ul sAep aaJy) uiylim paleaddesip Jans4 sjusned 9say) JO SWOS Ul paUinseawl sem 4y Ul asu e Ing ‘a4nynd pooiq Aq
payiuap! a1om syusbe aAResNed ON ‘... ;LW 4oue Aep auo 03 dn pue Bunnp paniodas sem ‘sisdas Jo subis 1o swoldwAs [edluld Jaylo Inoyim 4aAs4 (DN 104 ybie pue
ap 404 92443 ‘agdi Jo4 pajeasy [|e) sjusnied TT Ul ‘BUWOA pue sjuswdAOW [9MOq Jo Ajlieinbadll ‘HoJwodsIp jeulwopge ‘1 n4 3sod soueleap 1gD) Joye swoldwAs a1|-Sd1
Bbuiuiewsu ‘sdwesd jeuiwopge pue buiyoeq ‘eousiniels ‘buneolq :auam swoiydwAs papodad [eupsalul fuoISniUl J9Ye sInoy ulyiim Apusnbaly paaunddo pue bupiwi-49s
Apsow atam (€ 3|geL) L4 YIM pa3eposse sy paHodsy ... Siuaied 1ybie ul paypads Jayping Jou pue (T = u) siselyyjoydopajoyd dewoidwAs ‘(T = u) Awos|od
ysm pajeasy | |W4 burnp uonelopad 230 :papnpoul uonesijedsoy J10) SUOSEaY *9sned umoudun Jo J0 Ssau||l IJD 03 paie|a] J0u Sem Yiesp Jo asned ayy syuaned gz Jayio
3yl U[ *,,Jusuilealy 03 pajejad aq pinod yoiym spiuoiiad e Jo paip ‘1aD 404 LIN4 Yum pajeaty Juaned ||l AjRIBASS VY (...« (C = U) Paudads Jayuny jou @D pajedldwod
pue ‘(T = U) 1IN4 49Ye yuow auo 1D uaisisiad 03 anp uojooebaw 21x03 e ‘(T = u) Asdoine 1@ pawLIBu0D JUSWISA|OAUL [DMOQ [[ewS YIIM IQD pajedlidwod wods palp
aAey 0} papiodal asem syuaned Jnod - 2inpadold |INd BY3 03 pajejad 8q 03 paJapisuod sem Yolym ‘Adodsouo|od e padaisiuipe |4 Joj uonepas buunp uopedidse
woly paip uaned auQ (€ a|gel) ul papodad ale s,3yS pue 1hd YIm pajeinosse Ajjlenualod s,3y ‘s, 3y 03 anp |emelpyiim ‘s 3y Jo Jaquunu a3yl ‘N4 Buunp pasijendsoy
alom syuaned(-1no) (%/6°0) OT pue palp aAey 0} papodal atem ‘syusned 620T Jo (SIsed IAD |18 ‘%t 'E) GE ‘| 30} Ul "SAIpPMIS G JO INO HE Ul papodal aiom s,3vS
uonejueldsuel) [easy Jo Ajajes

"pr0932e|d 03 pasedwod $909y JoUop YIIM pajeady sjusididsl Jo (S0°0 > d ‘eanuiw Jad By/jowr £G4 03 29z
woly pabueyd aoueseaddesip asoon|b Jo ajes ueipaw) dwed J1wadAI6N3-o1wBuINSuUllRdAH AQ paJnseaw AARIsuas ulnsul jesayduad ul asealoul Juedyiubis Ajjeonsnels
B SeM 9J9U] SWOIPUAS dljogelaw e yum pasoubelp s1oalgns ajew 8T JO SalIas e U] ‘1IN4d buimoj|o) eliadeq aARisuas upexopoadid e 03 abueyd e pajesisuowap syuaned
oM} Ing ‘xapul Ajiaioe asessip yonod ay3 Ag painsesw ||\4 1. uoissiwad [edjuld paAsiyde sjuaied 9sayj Jo auou ‘e 39 Apue Aq pajealy alem sjusied spiyonod
W613 *(%ch) snel pue ‘(%05) buneolq ‘(%,9) eisdadsAp ‘(2%69) Nqey [amoq ‘(%z.) uled Jeulwopge bulpnpul ‘op0/ Ul papodal sem swoidwAs Jo juswanoidul

“3WOIPUAS [oMOq S[qeILL] :Sg] ‘OseasIp [Pmoq Arojewrureju] :qg] ‘peuonuauw JoN AN P & 10§ A[req,, ‘SAep 2ARNI3SUOD ¢ I0J SIS JO SURes] 2Jerpourl
YIIM dURID[OU], | LI, {(T) d1qrId3ep sem uddoyed [ersioeq ou jnq ‘usxe; a19m SININD poo[q 12a34, ‘uonednsuod pey (%e1) $9993 J0UOp Yim pajesn arem oym sjuened ¢ nNg Suung 1y ¢ unpim pasjosar swoydwiAs (% 61)
Surydpeq pue (% 1¢) Surdwren ‘eayrrerp pey (9%¥e), ‘Adeisyy onorquue ayy aydsap 1@ yim pasdepar sjusned ¢ asayy jo auoN (1) Juswederdar dry e jo sixejlydord aaperedorrad 105 sonoiquuy *(g) suondajur Joexy Areurin 1oj
jueurjean dnorquue “(T) SgI SNORORJUI 1504, ‘pesieitdsol, empadoxd ay3 Surmor|oj syeem jo 3[dnod 151y a1 SuLINp SoUS[NIL]J SAISSIOXD PUL SJUSLISAOW [2M0q JO AJLIRNSILI SWOG, PIIL[21 PUE Paje[aIun Yjoq ‘Yiea(, Sosessip
3[qedIUNWWODd JO Uolssiusuel} /eruaLadeq /sisads juedsuen-jsod ‘uonerograd, ((O) 1Yo 10 (H) ployssnoy awes ay3 utreys ‘(D) paje[a1 dxaudn), {(2D) ewaud 12d uojod 10 () uojod ‘(n) 3exn 1D 12ddn :uogensmuwpe jo 3oy,

QWIOIPUAS
AN AN AN AN o) AN AN I n A T10T SZIUA SIoqeRN
AN AN NN AN AN AN AN $1-¢ D A 00T Apozog uonednsuo)
AN AN AN AN AN AN Sog I n N €10C Apue SOIINOJ
AN AN AN AN AN AN AN el NN AN £10T uurg sd1
0 o€ 0 € NN AN 3 00T € n A TI0T SIMPWIIDA
0 ol al 6 opueH AN (eT1-0£) 8 06 e D N €10¢ apumnyy
0 ol 0 I fe) AN 30S1-00T 1 o) A €10C dumnyy
0 AN 0 AN o) AN AN aT o) AN €10T duamy
0 AN AN AN AN AN AN AN NN AN T10T Aporog
0 0 0 € AN AN AN 1< D +DI0 AN £10T Srquaarn
L2 T1e9) 8 0c
‘y(Sg-291)
0 6T 0 g o 3g¢eT AN € 3D pue X £10C 1e81qEduy adr

May 7, 2015 | Volume 21 | Issue 17 |

5366

WJG | www.wjgnet.com

JRaishideng®



Rossen NG et a/. Fecal microbiota transplantation as novel therapy

Table 4 Donor screening for fecal microbiota transplantation

Screening questionnaire’

A questionnaire addressing risk factors for potentially transmissible diseases

Fecal test
Parasites, including Blastocystis hominis and Dientamoeba fragilis
Clostridium difficile, and enteropathogenic bacteria

Serology

Antibodies to HIV, human T-cell lymphotropic virus types 1 and 2, hepatitis A, B, and C, Cytomegalovirus, Epstein-Barr virus

Treponema pallidum, Strongyloides stercoralis, and Entamoeba histolytica

'Screening according to van Nood et al™ and Vrieze et al™”.

Table 5 Studies on fecal microbiota transplantation in Clostridium difficile-infection, outcome data

First author Year Patients Age (mean + SD or Male sex FU Primary Resolution of  Resolution of diarrhea +
enrolled median, range/IQR) (n) endpoint diarrhea free from relapse during
(n) FU
Aas 2003 18' 739 5 3 mo 90 d 94% \
Arkkila 2010 37 69 (24-90) 12 mo 92% 86%
Aroniadis 2013 132 70 (38-89) 3 15mo (1-42) 1-7d 84%, 92%" 50%
Bansal 2013 12 70 (31-96) 4 3 mo >90d 92% \
Bobo 2013 21* 709+11.9 10 1 mo 30d 95% \
Borody 2013 28° F:36 £18.1 M: 31 £16 17 86%
Bowden 1981 16 56 (14-85) 7 12d 12d 81% \
Brandt 2012 77 65+17 21 17 mo (3-68) 90d 91% 81%
Byrne 2008 45 62 (30-91) 12 12 mo 96%
Eisman 1958 4 45-68 B) <10d 24-48 h 100% 100%
Elopre 2013 2° 48,48 1 5yrand 6 wk 1d 100% 100%
Fischer 2013 127 46 £17 30d 7d 75%/,92% /° 75%
Garborg 2010 39 75 (53-94) 18 3 mo 80d 73%, 83%° \
Hamilton 2012 43° 69 21 12 2 mo 1-2 mo 86%, 95%°
Thunnah 2013 66° 12 mo (3-51) 78%, 89%"° 78% after 12 wk
Jorup-Ronstrom 2012 32 75 (27-94) 12 26 mo (1-68) 69%
Kassam 2010 14! 65.3 (26-87) 7 7 mo 24h 100%
Kelly 2012 26 59 (19-86) 2 11 mo (2-30) post FMT 92% 85%
Khanna 2013 13° 27 (21-48) 8 1-14d 50%
Louie 2013 25° 6 mo 100% 100%
MacConnachie 2009 15! 81.5 (68-95) 14 4 mo (1-6) 5-24 wk 73%, 80%° 67%
Mattila 2012 70! 70 (22-90) 28 12 mo 12 wk 94% 89%
Mellow 2010 13! 67 (32-87) 7 5 mo (1-10) 30d 92% 85%
Miller 2010 2 34-50 0 9 mo, 1 mo 9 mo, 1 mo 100% \
Neelakanta 2011 2° 27-39 1 12mo,5mo 2 wk, post FMT 50% 50%
Newton 2013 17° 90d post EMT 94% 76%
Potakamuri 2013 13 73.8+18.8 2 5 wk- 18 mo >1 mo 92% 46%
Rohlke 2010 19 49 (29-82) 2 27.2 yr (6-65) 6 mo 95%, 100%° 79%
Rubin 2013 74 63 (6-94) 26 2 mo 60 d 79% 58%
Shiekh Sroujieh 2012 68 66 (16-93) 100d 1-4d 100% 100%
Silverman 2010 7 72 (30-88) 4 4- 14 mo post FMT 100% 100%
Van Nood 2013 16"° 73+13 8 2.5-5mo 10 wk 81%, 94%° 81%
Yoon 2010 12 66 (30-86) 8 3 wk-8yr 3-5d 100% 100%
Youngster 2013 12 2 mo 8 wk 92% \

'Recurrent/refractory CDL Aas et al (18), Kassam et al (7), MacConnachie et al (15), Mattila et al (70), Mellow et al (13), Rubin et al (74), van Nood et al
(16); Severe CDI 84%, complicated CDI 92%; *Resolution of diarrhea (% of the patients) after 2 FMT's; *All patients were hospitalised at inclusion; °IBD.
Hamilt et al (14): CD (6), UC (4), lymphocytic colitis (4). Neelak et al (1 UC, 1 CD). Khanna et al CD (7), UC (6). Borody et al CD (14), UC (14); ‘Patients
were immunocompromised: upon review of their medical history, Newton et al (7) based on HIV Elopre et al (2); "Other diagnoses (12): UC (3), UC and

livertransplant for PSC (1), CD(3), multivisceral transplant (2), multiple myeloma (1), lung transplant (1), renal transplant (1); *Cases included 5 pediatric
(Thunnah et al) and 2 pediatric patients (Rubin et al); *> 3 episodes (25); ’Amount of patients randomised to intervention (FMT) arm. /: Outcome defined
as negative stool test (PCR) after FMT only; \: No further follow up after archivieving the primary endpoint. FMT: Fecal microbiota transplantation; FU:

Follow-up.

Ad(ditional analyses

In CDI patients, the proportion of patients who
achieved resolution of diarrhea after administration
of FMT via the upper GI tract: 84.2% (n = 150), into
the colon: 89.4% (n = 326) and per retention enema:

88.5% (n = 102) was comparable, P = 0.26. In the
majority of UC patients (72%), mode of administration
of FMT was not reported. In CD, not from all six
patients the route of administration was reported and
a comparison of efficacy of treatment according to
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infusion for adequate position in the duodenum,
aspiration of fecal contents does not constitute a
problem. Furthermore, we have not encountered
transmission of microbial pathogens. In our opinion,
FMT could be incorporated in clinical practice for CDI if
there is adequate in house facilities. Currently, patients
with IBD should only be treated in clinical trials, since
there is a paucity of evidence in these patients.

The evidence for FMT in this systematic review
is mostly based on case series of poor quality, with
the exception of two RCT’s in CDI and metabolic
syndrome, both from our own institution. Worldwide,
FMT became quickly part of clinical care rather than
an experimental treatment in series on CDI and IBD.
Follow-up data were retrospectively collected in a
selection of patients up to 16.5 years after treatment in
65% of the included series, which could have resulted
in publication and selection bias. After agreement
with the authors, four studies were excluded because
of duplicate data (overlap of conference proceedings
and corresponding full publication or overlap between
patient populations)®**®*, In four articles, the first
authors could not confirm overlap between patient
populations and we choose not to exclude these studies,
which could have led to over- or underestimation of
primary and secondary outcome data presented in this
review**?*¥#_The strength of our study also harbors
its limitation. By including conference proceedings
we strived to collect all available data on this novel
treatment modality. However these abstract reports
were brief and lacked details on the methods used for
screening and FMT treatment. This approach bears the
risk of reporting on studies that have not gone through
the process of peer review.

More robust data on FMT will become available
in the next two to three years. Currently, there are
12 trials on IBD; seven on UC, two on CD and three
on IBD in general, and ten trials on CDI registered
on clinical trials.gov. Fifteen of these studies are
randomized trials. Single studies are registered for
metabolic syndrome, IBS, pouchitis and healthy
volunteers examining the restoration of the patient’
s fecal microbiota after antimicrobial exposure. All of
these trials will give rise to new research questions
including preferred route of administration, and the
number of FMT’s needed to attain remission or cure. In
addition, by using FMT as a highly informative human
model of the interaction between the gut microbiome
and the host, a wealth of data will be generated
regarding the pathophysiology of several diseases.

In conclusion, FMT appears to be highly effective in
Clostridium difficile-infection and may be a promising
therapy in ulcerative colitis. Infusion of donor feces
significantly increased insulin sensitivity in male patients
with a metabolic syndrome. As for Crohn’s disease,
chronic constipation, pouchtis and IBS data are still
too limited to draw conclusions. FMT is performed
according to not yet standardized treatment protocols
and despite the absence of infectious complications

Baishidenge ~ WJG | www.wjgnet.com

in 1029 patients reported in this review, vigilant
surveillance of adverse events is needed. More
randomized controlled data on the long-term efficacy
of FMT as well as translational data on the impact of
modulating the patient’s microbiota by the infusion of
donor feces and all its contents are still warranted.

COMMENTS

Background

Fecal Microbiota transplantation (FMT) was first reported in the literature in
1958. Since that time, approximately 500 patients who received FMT were
reported in the literature for different indications: infectious diarrhea [Clostridium
difficile-infection (CDI)], gastro-intestinal diseases [inflammatory bowel disease
(IBD), irritable bowel syndrome (IBS), pouchitis, constipation) and Metabolic
Syndrome. The majority these patients received FMT for CDI, which was
proven as a more effective therapy when compared to treatment with antibiotics
in a randomized controlled trial. FMT is widely used as clinical therapy for a
wide range of indications whereas the available evidence in the literature is
scarce.

Research frontiers
In order to accurately assess the application of FMT, the authors systematically
reviewed the clinical efficacy and safety of FMT in different indications.

Innovations and breakthroughs

FMT is highly effective in CDI, and holds promise in ulcerative colitis. As for
Crohn’s disease, chronic constipation, pouchitis and IBS data are too limited
to draw conclusions. FMT increases insulin sensitivity in metabolic syndrome.
Based on the current results, FMT can be considered as a safe treatment in the
studied population.

Applications

Vigilant surveillance of adverse events is needed, since FMT is performed
according to not yet standardized treatment protocols. More randomized
controlled data on the long-term efficacy of FMT as well as translational data on
the impact of modulating the patient’s microbiota by the infusion of donor feces
and all its contents are still warranted.

Peer-review

This paper reviewed the clinical efficacy and safety of FMT on CDI,
inflammatory bowel disease, metabolic syndrome, constipation, pouchitis
and IBS. Promising results were obtained and further studies are needed to
elucidate the mechanisms of FMT and to guard the adverse effects in large
population of the patients.
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