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The practice of fecal microbiota transplantation in
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Current evidence posits a central role for gut microbiota and the metabolome in the pathogenesis and progression of inflam-
matory bowel disease (IBD). Fecal microbiota transplantation (FMT) has been established as a means to manipulate this micro-
biome safely and sustainably. Several aspects of the technical improvement including pretreatment with antibiotics, use of fro-
zen stool samples as well as short donor-to-recipient time are proposed to improve its response rates. Its efficacy in ulcerative
colitis has been proven in clinical trials while data is emerging for Crohn’s disease. This review describes briefly the biology be-
hind FMT, the available evidence for its use in IBD, and the host, recipient and procedural factors which determine the clinical
outcomes. (Intest Res 2024;22:44-64)
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic inflammation
of the gastrointestinal tract and broadly includes Crohn’s dis-
ease (CD) and ulcerative colitis (UC). The pathogenesis of IBD
is complex but is believed to involve an aberrant immune re-
sponse to pathogenic gut microbiota in genetically predisposed
individuals. The importance of gut microbiome, as reflected in
the excreted fecal microbiome, is growing as we continue to
decipher its language with novel molecular techniques.' The
gut microbiome is huge, with 10" to 10" bacterial residents,
and in the presence of disease is even more complex: microbes
interact with each other and the host immune system, are af-
fected by antibiotics or immunosuppressive drugs, and modu-
late the drugs’ metabolism. Fecal microbiota transplantation
(FMT) involves the transfer of fecal matter from a healthy do-
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nor into the gastrointestinal tract of a patient to restore a heal-
thy microbial community. This review article aims to provide
an overview of the dynamics of gut microbiome in IBD, the
mechanism of action of FMT, technical and safety aspects of
FMT and clinical outcomes following FMT in patients with
IBD.

DYNAMICS OF GUT ECOLOGY IN IBD

Awareness of changes in gut ecosystem in IBD is essential to
understand the potential benefits of microbial manipulation
therapies of which FMT is a prime example. These changes
can be in the composition of gut bacteria, virome, mycobiome,
and metabolome. The dynamics have a spatial distribution
with changes in fecal microbiota being different from mucosal
microbiome and crypt-specific microbiome.

1. Gut Dysbiosis in IBD: Cause or Effect?

Gut microbiome of patients with IBD, whether CD or UC, is
characterized by reduced taxonomic diversity and phylum-
level decrease in Firmicutes and an increase in Proteobacteria
abundance.” Even healthy individuals with IBD-susceptibility
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genes (high “IBD genetic risk score”) have differences in mi-
crobiota from those without these susceptibility genes, such
as a decrease in Roseburia genus responsible for acetate to bu-
tyrate conversion, that may precede the clinical onset of IBD.”
It is unclear whether IBD produces dysbiosis or dysbiosis leads
to IBD, however, several microbiota-altering exposures such
as widespread antibiotic use, exposure to antibiotics in the first
year of life, and consumption of a diet rich in fats, polyunsatu-
rated fatty acids, proteins and low in dietary fiber, have been
associated with incident IBD."” Initial studies found an associ-
ation between IBD and infection with Mycobacterium avium
paratuberculosis or adherent-invasive Escherichia coli, howev-
er, the data was inconsistent and therapeutic trials to eradicate
these infections have not altered disease course.”"* Firmicutes
phyla seem to play a central role in the anti-inflammatory mi-
crobial profile of a healthy population. Key members of this
phyla include Faecalibacterium and Roseburia both of which
have been found to produce anti-inflammatory metabolites,
are depleted in patients with IBD, are repleted by FMT, and re-
pletion correlates with response to therapy." The evidence of
this association between IBD and specific microbiota changes
(e.g, abundance of Bacteroides and depletion of Firmicutes)
has been strengthened by their association with several key
aspects: aggressive disease, " occurrence of complications, post-
surgical recurrence, or pouchitis following colectomy for UC,"
and response to therapy with biological agents including anti-

16,17 o . 18
or anti-integrin agents.” How-

tumor necrosis factor agents
ever, the information obtained from microbiota analysis is lim-
ited in generalizability across regions due to the influence of
genetics, diet and environment on the microbiome. The gut
microbiome of Chinese and Western (from the Human Micro-
biome Project) IBD patients have marked differences with dif-

ferent predominant species even within specific IBD types."

2. Changes in the Gut Metabolome

Stark differences in the microbiome of IBD and non-IBD pa-
tients contribute to functional changes in the metabolic mi-
lieu, or metabolome. The metabolome is considered to be the
route of interaction between the immune cells and microbi-
ome through the production of pro-inflammatory or anti-in-
flammatory metabolites. Short-chain fatty acids (SCFAs), case
in point, including butyrate, propionate, and acetate, are de-
rived from the anaerobic bacteria-mediated breakdown of di-
etary fiber and modulate host mucosal cells by regulating cell
proliferation and immune response.”” Two G protein-coupled
receptors (GPR), GPR41 and GPR43, and regulatory T cells
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(Treg) cells are activated by SCFAs.” SCFAs promote the ac-
cumulation of Treg CD4 cells in the colonic mucosa and pro-
tect against colitis.”” Similarly, CARD9 deficient mice are at an
increased risk of developing CD due to reduced microbial
production of tryptophan, and the risk is attenuated by sup-
plementing with tryptophan metabolizing Lactobacillus spe-
cies”” Metabolomic and metagenomic profiling of the IBD fecal
samples indicate enrichment of certain metabolites (bile acids,
sphingolipids) and depletion of others (tetrapyrroles, triacylg-
lycerols), indicating increased activity of functions such as
those allowing adaptation to oxidative stress in IBD." The mi-
crobiome and metabolome profiles could differentiate IBD
from non-IBD stool samples with an area under the curve of
0.92. Vich Vila et al.** analyzed fecal metabolome and metage-
nomics in 424 patients with IBD. They found that the fecal me-
tabolites in IBD were characterized by lower levels of saccha-
rolytic fermentation derivatives and increased metabolites from
proteolytic fermentation. Higher sphingolipids, ethanolamine,
and primary bile acids characterized the gut signature of pa-
tients with IBD versus controls and the ratio of sphingolipid-L-
urobilin carried high accuracy (area under the receiver oper-
ating characteristic curve=0.85) to differentiate the two. Im-
portantly, their findings supported that gut microbiota com-
position is the main determinant of fecal metabolite content,
compared with patient lifestyle, genetics, or clinical pheno-
types, highlighting the centrality and distinct role of gut micro-
biome. Machine learning algorithms incorporating clinical,
microbiome, and metabolome data, have been designed to
predict response to anti-integrin therapy in IBD with high ac-
curacy (area under the curve =0.872)."

3. Nonbacterial Components of the Microbiota

The fungal and viral components of the microbiota are impor-
tant but have been neglected due to difficulty in sequencing
techniques. Fungal mycobiome is usually sequenced using the
“universal fungal barcode sequence” of the ribosomal RNA
called internal transcribed spacer.” Ascomycota and Basidio-
mycota are the most prevalent taxa in the mucosa of healthy
subjects. The abundance of the fungus Candida tropicalis is
higher in patients with familial CD compared to non-affected
relatives, and it positively correlated with levels of anti-Saccha-
romyces cerevisiae antibodies that are purported to be against
Candida antigens.” Further, the abundance of C. tropicalis cor-
related with that of Serratia marcescens and E. coli, suggesting
that these organisms interact in the gut and a biofilm formed from
these 3 organisms was thicker than those of any single- and

45



Umang Arora, et al. * Fecal microbiota transplantation for IBD

double-species biofilms along with morphological changes in
hyphae formation when the 3 organisms coexisted. A probiotic
combination of Saccharomyces, 3 bacterial species, and amy-
lase was effective in preventing and treating this biofilm forma-
tion.”” Another report from Japan found similar alpha diversity
in patients with IBD and controls, but increased abundance of
Candida in CD compared to healthy controls and UC.” Two
studies linked different fungal genera (Debaryomyces and Mal-
assezia) with mucosal inflammation in CD and demonstrated

their pro-inflammatory potential in animal models.***

Evidently
mycobiome holds more relevance in CD than UC.

Virome signature interpretation is even more difficult-lon-
gitudinal analysis has shown that the virome is less stable and
shows interpersonal variability in viral taxa, frequent fluctua-
tion of taxa even within an individual, and vast fluctuations in
the abundance of temporal viruses.”' An in-depth analysis of
free virions enriched intestinal preparations showed signifi-
cant enhancement of Caudovirales bacteriophages in both CD
and UC.” The mucosal virome is distinct from the fecal virome
and houses certain phages that escape detection in stool sam-
ples.” The alpha and beta diversity of viromes is unable to dif-
ferentiate IBD from controls, unlike the bacteriome.

4. Fecal, Mucosal, and Crypt-Associated Microbiome

The fecal microbiome is the usual source of microbiome infor-
mation, being easily accessible and noninvasive, and allowing
longitudinal sampling. However, there appear to be additional
microbiome strata that line the mucosal lining, as well as the
crypts. Recent advancements in single-cell and spatial transcrip-
tomics have enabled us to characterize these niches.” The mu-
cosa-associated microbiome and crypt-associated microbi-
omes are ‘deeper” and thus closer to the host epithelial lining
and immune cells. They have been found to have distinct mi-
crobial profiles from the fecal microbiomes. The mucosa-as-
sociated microbiome is more “abnormal” and differentiates
better from controls than the fecal microbiome, and has a uni-
form increase in Proteobacteria and reduction in Firmicutes
regardless of IBD type and severity.”* The mucin of the epi-
thelial lining in UC has a lower degree of sulphation and cor-
respondingly lower abundance of sulfated-mucin metaboliz-
ing species Desulfovibrio.” Early studies found that only a few
crypts in IBD patients are colonized by bacteria unlike acute
self-limiting colitis, however, these used fluorescent in situ hy-
bridization techniques that have been since surpassed by la-
ser-microdissection of tissues and 16S TRNA gene sequenc-
ing.”® The composition of crypt-associated microbiota (CAM)
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in health, as well as disease, is dominated by aerobic members,
which can be attributed to higher oxygen tension in the crypts.”
Microbiome composition analysis showed mucosa-associat-
ed microbiome being dominated by members of phyla Firmi-
cutes (45%), followed by Bacteroidetes (26%), Proteobacteria
(16%), and Actinobacteria (6%), while CAM comprised pre-
dominantly of aerobic members of Actinobacteria (54%) and
Proteobacteria (38%). Dysbiosis has been reported in salivary
samples in IBD, and some strains of Streptococcus are shared
in saliva and fecal samples from patients with IBD." Atarashi
etal." elegantly demonstrated the potential pathological role
of ectopic oral microbial species (Klebsiella) when they colo-
nized the gut in gnotobiotic mice, and drive intestinal inflam-
mation via the Ty;1 cell pathway. They hypothesized that the
oral cavity may serve as a reservoir for potential intestinal path-
obionts.

MECHANISM OF ACTION OF FMT IN IBD

FMT involves transferring colonic contents rich in bacteria from
a ‘donor” without major disease and an assumed “healthy” mi-
crobiota, to a patient with IBD whose microbiota is “unhealthy”
and possibly contributes towards ongoing inflammation. FMT
aims to restore a healthy microbial community in the gut which
in turn may reduce inflammation and restore gut homeosta-
sis. The exact mechanism of action of FMT in IBD is not yet
fully understood, but it is believed to involve a combination of
direct and indirect effects on the host immune system and gut
microbiota (Fig. 1).

It serves to maintain epithelial integrity and reduce bowel
permeability by increasing the production of SCFAs, especial-
ly butyrate and also restores immune dysfunction by inhibit-
ing Th1 differentiation, activity of T cells, leukocyte adhesion,
and production of inflammatory cytokines.” The main advan-
tage of FMT over probiotics is its speed-it rapidly provides
healthy saprophytic bacteria to the site of inflammation. The
response to FMT is contingent, at least partly, on its ability to
‘correct dysbiosis” Most patients who respond clinically to EMT
in trials have been shown to have increased alpha diversity,
reduced pretreatment Fusobacterium and Escherichia species,
consistent enrichment posttreatment with Firmicutes bacteria
(Roseburia and Eubacterium species), and an increase in bio-
synthetic pathways for SCFAs and secondary bile acids pro-
duction in the recipient microbiome.”"" An interesting study
correlated FMT success with the transfer of IgA-coated Odori-
bacter splanchnicus, which mediated immune cell protection

www.irjournal.org



INTESTINAL RESEARCH

.
&,

L

N

Patient
with IBD

/Colonoscopic
Nadministration,

Screened +
Processed

https://doi.org/10.5217/ir.2023.00085 « Intest Res 2024;22(1):44-64

o P
P e % Q\f{'}'

[

)

=

Py Shon chain Secondary
fatty acids bile acids

Fig. 1. Overview of fecal microbiota transplantation (FMT) in inflammatory bowel disease (IBD). Fecal matter from a healthy donor is col-
lected, processed, and administered into a patient with IBD through one of several routes, typically via colonoscopy. FMT, if engraftment is
successful, modulates existing gut microbiota by promoting growth of eubionts and suppressing pathobionts, with downstream effects of
promoting anti-inflammatory metabolites (such as short-chain fatty acids or secondary bile acids) and suppressing inflammatory metab-
olites (triacylglycerol and tetrapyrrole). The interaction with immune system is complex but generally suppresses aberrant inflammation.

from colitis.” At least half of FMT studies show an increase in
alpha diversity of the host, and at least a third show an increase
in beta diversity with a trend towards respective donors." A
clinical trial administering FMT in active UC has shown enhance-
ment and reduction in specific CAM genera as well as their
respective negative and positive correlations with fecal calpro-
tectin levels and clinical/endoscopic disease activity scores,
thus highlighting the potential link of CAM with the course of
UC and its FMT-mediated restitution.” Perhaps unsurprising-
ly, autologous FMT has not been found useful in IBD due to
the dysbiotic nature of the patient's microbiome." The contri-
bution of modulation of the immune system by FMT remains
to be explored. As a proof of concept, a patient with treatment-
refractory aggressive UC received FMT based on the donor fe-
ces that generated the least cytokine response from rectal lym-
phocytes obtained from tissue biopsy."” There was excellent
engraftment and clinical response, indicating that minimal im-
mune response to donor microbes allows engraftment.

PROCEDURE-RELATED FACTORS AND
OUTCOME DETERMINANTS IN FMT

There are several host, recipient, and procedure-related factors
which determine the outcome of FMT therapy in IBD. There is
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great heterogeneity in techniques of FMT across centers world-
wide, over time, and between different diseases. However, many
of these issues are being addressed gradually through consen-
sus and a uniform protocol is slowly evolving. All these issues
have been explored here (Fig. 2).

1. Stringent Donor Screening

There is a stringent screening of the donors for viral pathogens
such as hepatitis A, B, and C viruses, human immunodeficien-
cy virus, Ebstein-Barr virus, and cytomegalovirus, severe acute
respiratory syndrome coronavirus 2, bacterial pathogens such
as Clostridioides difficile, drug-resistant bacteria particularly
Shigatoxin-producing E. coli and enteropathogenic E. coli us-
ing antimicrobial resistance genes, and parasitic infestations."**
Appropriate screening is often time and resource intensive with
around 90% of prospective donors failing screening, half of them
due to lack of follow-up.” A complete list may be accessed thr-

ough several consensus guidelines.”"”

2. Fresh, Frozen or Lyophilized Preparation

The choice between frozen versus fresh feces being used for
FMT is an area of ongoing debate. Frozen feces can be stored
at -80°C for up to 2 years, allowing the setup of “stool banks” at
several FMT centers and ready access to clinicians for use. This
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Fig. 2. Factors that determine success of fecal microbiota transplantation (FMT) in inflammatory bowel disease (IBD). The figure shows
several factors including selection of donor, FMT session frequency, choice of frozen versus fresh FMT, pretreatment with antibiotics, and
different routes of administration, all of which have been found to affect success of FMT. These serve as guides to allow improvement in

FMT technique and creation of an optimum protocol.

allows testing of each sample prior to administration and it
has been recommended for this safety factor.” On the other
hand, freezing of feces is known to impact microbiome com-
position. It leads to a 4-fold reduction in living bacterial cells as
detected by flow cytometry (70% to 15%), similar alpha diver-
sity, and definite differences in beta diversity on principal co-
ordinates analysis from fresh fecal samples.” Prolonged fro-
zen storage leads to an increase in Firmicutes to Bacteroidetes
ratio, as some Gram-negative species are depleted during stor-
age and some hypothesize that trials in which frozen FMT was
found to be effective also depend on this phenomena of selec-
tive depletion of administered Bacteroidetes. A network meta-
analysis of 8 studies in patients with recurrent C. difficile infec-
tion (CDI) found similar efficacy in fresh versus frozen FMT
(93% vs. 88%, P=0.18) and concluded that the trend towards
improved efficacy with fresh FMT was offset by safety, acces-
sibility, and practicality of frozen FMT.”* Similar findings have
been observed in UC from meta-analyses of 22 studies where
the efficacy of fresh (34.4%) versus frozen (46.8%) was similar.”
However, an understanding of the biological effect of freezing
on microbiome and its effect on the sustenance of response
remains to be seen.

3. Washed FMT and Fecal Filtrate Transplantation

Washed FMT is a technique developed in Chinese FMT cen-
ters using an automated washing machine GenFMTer (FMT
Medical, Nanjing, China). It includes additional steps of filtra-
tion, centrifugation and resuspension three times in an attempt
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to retain intact bacteria and remove fecal particles, parasite eggs
and fungi. Chinese databases found a reduction in adverse events
due to FMT from 38% to 12% upon switching from convention-
al FMT preparation practices.” Intraperitoneal injection of wash-
ed FMT into mice after increasing number of centrifugation
cycles showed a reduction in viruses, and pro-inflammatory
metabolites (leukotrienes, prostaglandin G2, corticosterone),
and prevented death of these experimental mice.” It has been
shown to not impair efficacy in either CD or UC, however, has
not been validated in other countries.”” Another technique fe-
cal filtrate transplantation instead removes intact bacteria and
only transfers bacterial debris, metabolites, and oligonucleoti-
des” It has been utilized successfully in CDI and is also being
evaluated in UC in a clinical trial.”

4. Anaerobic versus Aerobic Preparation

Anaerobic preparation of FMT involves processing frozen FMT
under anaerobic conditions, at the steps of homogenization,
freeze-thaw cycles, and the time between defecation till trans-
plant preparation, with the benefit of preservation of obligate
anaerobes from the donor. Costello et al.”” found that all micro-
bes associated with treatment response of FMT in UC were
anaerobes (mostly obligate anaerobes). Obligate aerobes (such
as Faecalibacterium prausnitzii and Bacteroides fragilis) tend
to decrease with mixing during preparation but anaerobic prep-
aration mitigates this decrease, while facultative anaerobes
(such as Enterobacteriaceae, Streptococcus) proliferate during
mixing”' Commercially available systems (such as anaerobic
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chamber Bactron IV Work Station, USA) use a nitrogen (85%)
+ hydrogen (10%) + carbon dioxide (5%) atmosphere to main-
tain anaerobic conditions. Chu et al.”* used propidium mono-
azide-based sequencing to differentiate viable and dead bac-
terial cells and assess the effect of various preparation meth-
ods. They found that oxygen exposure degraded fecal microbi-
al composition (particularly abundance of F prausnitzii), while
freeze-thaw cycles and lag time between donor defecation and
transplant preparation had smaller effects. Another group found
drastically lower viability (19%) in aerobic preparation under
ambient air, compared to anaerobic preparation (50%).** A shor-
ter duration between defecation by donor and administration
of FMT has been found in those who respond to FMT versus
nonresponders (median 2.1 hours vs. 2.6 hours, P=0.002) with

64 Con_

a drastic reduction in response rate at time gap >3 hours.
sensus guidelines suggest the use of fresh stools within 6 hours,
and frozen processed stools used within 6 hours of thawing, in
an effort to preserve anaerobic species.”' Thus, anaerobic prep-
aration is superior in composition of beneficial bacteria and
should be practiced consistently, but its direct impact on clini-

cal outcomes remains to be established.

5. Antibiotics Prior to FMT

Pretreatment with antibiotics improves engraftment of donor
FMT. Weekly sequencing of fecal microbiota during an 8-week
course of FMT demonstrated that higher alpha diversity and
donor engraftment strongly correlate with clinical response.”
Additionally, “post-antibiotic pre-FMT” time point alpha diver-
sity, i.e., residual diversity after antibiotic therapy, correlates
well with both engraftment and subsequent clinical response.
This is in contrast to the lack of independent efficacy of antibi-
* Initial
studies in mice compared pretreatment with antibiotics, colon-

otics or probiotics in typical non-fistulizing CD and UC.

ic lavage or no pretreatment prior to FMT and found superiori-
ty of the antibiotic regimen. They demonstrated that this treat-
ment allows colonization by the xenomicrobiota (from the do-
nor human feces), by eliminating antibiotic-sensitive bacteria
and generating niches for colonization.” Ishikawa et al.*” re-
ported using triple antibiotics (amoxicillin, metronidazole, and
fosfomycin) prior to FMT, with the intent to eradicate harmful
Bacteroidetes species. A systematic review of 28 articles (in-
cluding 6 randomized trials), in which 11% of the patients were
pre-administered antibiotics, found an improvement in re-
sponse rate (82% vs. 58%) and remission rates (66% vs. 31%)
with antibiotic pretreatment that was consistent with an in-
crease in alpha-diversity and enrichment with SCFA producing
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anaerobes." Higher baseline microbiota diversity is also linked
with greater response rates, suggesting that the dysbiosis can
potentially exceed the capability of modulation with EMT.”

6. Colonic Lavage Prior to FMT

Bowel preparation (with agents like polyethylene glycol) is
commonly used prior to FMT, regardless of whether FMT is
administered via colonoscopy, nasoduodenal tube or gastro-

51,70

scope.” " It aids cecal intubation, removal of vegetative cells,
and allows engraftment of transplanted microbes.” The lavage
impact does not alter the gut microbiota independently over
long periods but may have short-term reduction in the total
bacterial abundance of fecal microbiota as well as mucosa-as-

™™ No controlled studies have assessed

sociated microbiota.
its clinical impact on FMT in IBD but data from recurrent CDI
suggest that poor bowel preparation is associated with failure

of FMT.”

7. Route of Administration

Typically fecal matter is converted to a slurry and administered
via either one of several routes: during colonoscopy, during
gastroscopy, via nasogastric or nasojejunal tube, as enemas, or
as oral ingestion of capsules. FMT administered via nasogas-
tric tube was as effective as colonoscopy in treating recurrent
CDI in a pilot randomized controlled trial (RCT).” Similarly,
administration through a gastroscope or colonoscope did not
affect efficacy or adverse events in a trial of CD.”” Meta-analy-
ses have suggested higher response rates with colonoscopic
instillation instead of upper gastrointestinal administration
(31% in 137 patients vs. 8% in 42 patients).” The only negative
RCT on FMT in UC utilized the nasoduodenal route, suggest-
ing that the lower gastrointestinal route (colonoscopic or rec-
tal enema) would be preferred in UC.” The efficacy of oral cap-
sules in both induction and maintenance of remission in mild
to moderate UC was demonstrated in the LOTUS trial.” Oral
capsules as FMT have thus far been limited to recurrent CDI
but not IBD." A large trial and subsequently non-randomized
study proved non-inferiority of capsulized frozen FMT and colo-
noscopic administration in preventing recurrent CDI with rou-
ghly half the adverse event rate.”

8. FMT Dosage

The dose of donor feces administered per session and cumu-
latively is probably one of the most heterogeneous aspects of
the practice of FMT. As little as 30 g, and as much as 600 g, have
been utilized in clinical trials of IBD. Zhao et al.” identified 275 g
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as the median dose used in the 29 studies they included in their
meta-analysis. Studies using higher doses of donor feces (>275
g) were associated with higher response rates (52% vs. 30%)
than those using lower doses. Similarly, subgroup analysis by
Wei et al.”
UC only when the cumulative dose was higher than 300 g (risk
ratio [RR], 1.85; 95% confidence interval [CI], 1.22-2.83) but not
in lower doses. To achieve these doses, several sessions may

found benefit of FMT in induction of remission of

be required, and there may be differences in optimum doses
for induction versus maintenance of remission in IBD. A high-
er load (60 g vs. 30 g) of infused donor feces led to a greater re-
duction of irritable bowel syndrome (IBS) symptoms (89% vs.
76%) following FMT.* There are fallacies with using fecal wei-
ght as a “‘currency” and there is a need for developing ubiqui-
tous and validated measures to assess the dose of active bac-
teria being administered.

9. Sessions of FMT

Repeated sessions allow repeated exposures to the donor mi-
crobiome and allow an opportunity for donor microbial engraft-
ment, which is correlated closely to clinical response.”* This
effect is seen with repeat sessions independent of the disease
and mimics dose escalation of conventional therapy. Response
rates for repeat FMT in recurrent CDI were superior (91% vs.
84%) with a consequently lower number needed to treat (1.5
vs. 2.9) in a large meta-analysis.” In a small study of patients
with IBS, those who did not improve with FMT initially had an
excellent response following a repeat session with double dose
of transplant feces.”

A meta-analysis by Mocanu et al."* found higher pooled re-
sponse rates (70% vs. 53%) and remission rates (43% vs. 30%)
to FMT in those given repeated doses, as compared to a single
dose. Regimens applied to patients with IBD have wide vari-
ability, and the following have been used in various clinical stu-

88

dies: daily enemas,” alternate day enemas or nasojejunal or

colonoscopy,” initial colonoscopy followed by twice weekly

enemas,” weekly colonoscopies,”' 69

2 weekly colonoscopies,
and some have utilized regimens similar to those for biological
agents with an induction and maintenance phase.” Ren et al.”
evaluated “low intensity” FMT sessions for two sessions (0 and
2 months) with a single super donor and found remission rates
of 21% and 55% after the first and second FMT sessions. No
comparison is available between the different regimens due to
small number of available studies, and differences in FMT
composition and patient populations receiving the therapy.

Importantly, there is no single optimum way to perform FMT
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and each institute should establish standard operating proce-
dures to minimize heterogeneity in technique. Centers cater-
ing to patients with IBD and establishing FMT in their practice
should set up stool banks to provide a steady supply of frozen
stool for FMT.

10. Single versus Pooled Multi-donor

An easy workaround for enriching the microbial diversity of
donor fecal samples is to pool multiple donors. Pooling of fe-
cal samples proposes to provide a wider spectrum of microbes
such that “deficiencies” of the dysbiotic recipient microbiome
can be resolved. Mathematical modeling based on the RCT by

190

Moayyedi et al.” suggested that pooling of 2 or 3 donors can
increase remission rates in UC.”” Multi-donor or pooled FMT
have been compared with single donor FMT in a meta-analy-
sis of 14 studies that indicate the superiority of the former (RR,
2.31; P=0.04) in terms of treatment response in IBD.” Another
meta-analysis that did not detect any effect of single or pooled
donors attributed this to the possibility of “super donors” in those
receiving from a single donor. Importantly, head-to-head com-
parisons are lacking since institutes typically use a uniform pol-
icy for sourcing donor samples, and such trials are expected in

the future.

OPTIMIZATION OF DONORS AND RECIPIENTS

1. The Concept of “Super Donor”

The donor fecal microbiome is important in determining re-
sponse to therapy. Focus, thus far, during the selection of do-
nors has been on safety—particularly preventing transmission
of pathogenic or virulent organisms or genes. Recurrent CDI
required the replacement of healthy gut microbiome to replace
niches for C. difficile and thus trials were not focused on select-
ing donors for their effect on efficacy. However, in contrast to
CDJ, there is emerging evidence linking properties of donor
microbiome with clinical outcomes in IBD. In an early trial re-
porting the efficacy of FMT in inducing remission in UC, re-
mission was attained in 9 patients (24%) in the FMT arm, 7 of
whom received FMT from a single donor.” This donor, char-
acterized by enrichment for the family Lachnospiraceae and
the genera Ruminococcus, showed much higher remission rates
(39% vs. 10%). Further, there was a clear association between
achieving a microbiome similar to the donor at week 6 and achi-
eving clinical remission after FMT. This suggested the phenom-
ena of “‘super donors”: donors whose fecal microbiota charac-

95,96

teristics greatly improve clinical response to FMT.”™ A small-
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er donor-recipient age difference (< 10 years) was associated
with improved maintenance rates in a trial of FMT following
antibiotics in UC.”" A prime parameter of the donor fecal mi-
crobiota responsible for this appears to be high alpha diversity
and absolute richness. A single-arm study utilized a single do-
nor with high microbial diversity and fecal butyrate concen-
tration, considered to represent healthy gut microbiome, for
FMT to 10 pediatric patients with recurrent CDI and found
complete response in all patients at 10 weeks, as well as a sus-
tained increase in phylogenic diversity of recipient microbi-
ome over this period.” Similarly, in UC patients undergoing
FMT, higher alpha diversity was associated with better recipi-

. . 69,43
ent outcomes in 2 trials.*”*

Longitudinal analysis of 2 donors
from the LOTUS trial identified long-term microbiome stabili-
ty and donor species evenness as novel factors associated with
FMT success.” There have been several individual microor-
ganisms that have been proposed to influence response, but
these findings have been limited to individual trials and few
could be replicated in other studies, suggesting a need for bro-
ader assessment than individual organisms.” A metagenomic
analysis of 14 public databases of FMT trials in CDI and IBD
identified that donor fecal microbiome with donor/p pheno-
type, indicating Prevotella as the dominant taxa, were associ-
ated with a greater response to FMT versus donor/b pheno-
type (65.1% vs.40.1%), rich in Bacteriodetes." Clinical response
to these donor phenotypes correlated well with an increase in
recipient alpha diversity. However, Olesen and Gerardin'" re-
evaluated the statistical evidence related to super donor phe-
nomenon in studies on FMT in IBD and suggested uncertain-
ty on the magnitude of donor effect and the need for larger stu-
dies specifically designed to assess donor phenomena. When
possible, donors should be unrelated to the recipient.

2. Factors Predicting Clinical Success among FMT
Recipients

As important as selecting appropriate donors is identifying
those who will benefit from FMT, vis-a-vis several options for
pharmacotherapy. A prospective cohort treating patients with
moderate to severe UC analyzed clinical predictors of response
to FMT: younger patients, left-sided colitis disease extent (E2
disease, vs. either proctitis or pancolitis), and endoscopic Mayo
score of 2 were associated with remission, while severe disease
(Mayo Clinic score >2), Mayo endoscopic score 3, and panco-
litis (E3 extent) were associated with failure of therapy.” A sys-
tematic review of 25 studies analyzed response predictors to
FMT in IBD."” Donor fecal microbiome SCFA production, high-
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er alpha diversity, and greater abundance of Bacteroidetes and
Clostridia clusters were associated with clinical response. Re-
cipient clinical parameters of young age, less severe disease,
and shorter duration of disease, and microbiome character-
ized by higher fecal species richness, greater abundance of
Candida, and similarity to donor profile were also significant
predictors.

3. Donor-Recipient Matching

Current technology and computational setups allow a detailed
analysis of the gut microbiome. However, it is not ready for clin-
ical application because of the involved cost and turn-around
time. Retrospective analysis of donor-recipient matching pro-
vides insights into the deficiencies of the diseased microbiome
that are being filled by the donor microbiome. He et al."™ de-
veloped a machine learning model for selecting donors based
on recipients (enterotype-donors selection, EDS) and validat-
ed this model on a population of 42 patients with IBD. They
found 93% clinical response in the patient-donor pairs who
could be matched with the model and 37% in those who were
not selected by the model. An analytical-hierarchy based do-
nor-recipient matching model was proposed by Zhang et al.'”
based on sequencing data from 350 patients with UC receiv-
ing FMT. Important indicators for this model included alpha-
diversity (28% of weight) and presence of beneficial taxa and
metabolic pathways (24% and 22% of weight), and this model
showed favorable classification (>70%) for FMT effectiveness
in 2 prior trials. A matching strategy based on ex-vivo response
assessment of patient’s rectal immune cells to candidate do-
nor specimens has been explored in a case report.”

4. Directional Changes in Microbiome and
Metabolome Post-FMT

Engraftment of donor fecal species into the gut of the recipi-
ent, and correction of dysbiosis, is the basis of FMT therapy.
However, the degree to which new taxa are added and existing
taxa are displaced from the microbiome pool is variable. Pa-
tients who responded well to EMT and achieved remission had
greater diversity both at baseline as well as post- EMT, compared
to those who did not respond.” Patients in remission after FMT
had enrichment of Eubacterium and Roseburia post-FMT and
increased levels of SCFA biosynthesis and secondary bile ac-
ids, versus enrichment of Fusobacterium, Sutterella, and Esch-
erichia species and increased levels of heme and lipopolysac-
charide biosynthesis in those who did not respond. A recent
study conducted by our group explored the effect of FMT on
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the composition of fecal and mucosal microbiota and metab-

" An 8-week pooled multi-donor

olome in patients with UC.
FMT in our patient cohort mediated enhancement of alpha
diversity, with increased abundances of beneficial gut micro-
bial taxa such as Eubacterium, Alloprevotella, Blautia in the
fecal microbiota and Alistipes, Eubacterium in the mucosal
microbiota. These beneficial taxa have previously been report-
ed to be active SCFAs and indole-based AhR ligand producers
and bile acid transformers. These shifts in abundances were
coupled with a reduction in abundances of pathobionts such
as Pseudomonas, Streptococcus, Enterococcus, Klebsiella, and
Staphylococcus. As seen here, there is semblance in the bacte-
rial species and metabolite changes post-FMT across 2 differ-
ent cohorts.

EFFICACY OF FMT IN UC

1. Induction of Remission in Mild-Moderate UC

Several thousands of patients with UC have undergone FMT
as part of clinical trials as well as patient care. Large meta-anal-
yses have shown the efficacy of FMT in UC, and clinical trials
for this indication are listed in Table 1.07%#?M% 1 B] Hage
Chehade et al."" published their meta-analyses limited to dou-
ble-blind placebo-controlled trials for induction of remission
in UC and found a good composite clinical and endoscopic
response with odds ratio (OR) of 4.1 (95% CI, 2.2-7.7). All in-
cluded trials included patients with mild-moderate UC based
on Mayo score between 3 to 10, and the longest duration of
follow-up was 3 months. Subgroup analyses showed no signif-
icant influence on the efficacy of several parameters that are
discussed above: fresh versus frozen FMT, single versus pooled
donor, pretreatment with antibiotics, bowel lavage, concomi-
tant antibiotic therapy, and route of FMT delivery. Zhao et al.”
included both cohort studies (n=30) and randomized clinical
trials (n=7) in their meta-analyses and found complete remis-
sion response rates of 35.9% in uncontrolled studies and OR of
3.39 (95% CI, 2.2-5.2) in controlled cohort studies and RCTs.
Serious adverse event rates were low but significant (5.9%).
Cochrane Society analyzed 12 RCTs published till 2022 and
found a RR of induction of remission in UC to be 1.79 (95% CI,
1.13-2.84) but was not clear on its role in the maintenance of
remission of active UC after induction (2 trials: RR, 2.97; 95%
CI, 0.26-34.42).""° A recent network meta-analysis compared
available pharmacotherapy and FMT for induction of remis-
sion in patients with UC.""® Four of 19 included articles were
trials for FMT, and they found a pooled OR of 2.8 (95% CI, 1.4-
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5.8) for remission compared to placebo-statistically similar
efficacy as other biological agents. Overall efficacy ranking
from highest to lowest was infliximab, tofacitinib, ustekinum-
ab, FMT, and least vedolizumab and adalimumab. As of this
review, consensus statements recommend providing FMT as
part of clinical trials as there is insufficient evidence for rou-
tine clinical use.”

2. Maintenance of Remission in Mild-Moderate UC

Long-term follow-up of trials in FMT show that clinical response
is not sustained after induction, indicating that additional mi-
crobiome manipulation is required to maintain the response." """
Role of FMT in the maintenance of remission in UC has been
explored in a randomized sham-controlled trial by Sood et al.
that included patients with UC in remission and found higher
rates of 48-week endoscopic (58% vs. 27%, P=0.03) and histo-
logical (45% vs. 16%, P=0.03) remission in those treated with 8
weekly FMT compared to placebo, although it did not meet
primary outcome of clinical remission (87% vs. 66%, P=0.11)."*
Lahtinen et al.'"” randomized 48 patients with UC to a single
session of FMT versus autologous transplant via colonoscopy
(control) and found no difference in remission rates at 12 mon-
ths (54% vs. 41%, P=0.66), although quality of life scores were
worse in FMT arm. This lack of efficacy is likely due to provid-

ing a single session of FMT versus multiple sessions.

3. Steroid-Dependent UC

Twenty percent of patients with moderate to severe UC remain
steroid-dependent on follow-up, and FMT has been evaluated
for the treatment of this subgroup in an attempt to avoid ste-
roids and related adverse effects. Cui et al.""® treated 15 patients
of steroid-dependent UC with step-up FMT and 57% (n=8)
achieved clinical response and were able to discontinue ste-
roids, and these patients were likely to have a change in their
microbiota composition towards the donor. A real-world pro-
spective cohort analysis of 49 patients with steroid-dependent
UC were treated with 4-weekly multisession FMT through colo-
noscopy and 75% patients achieved clinical response at 24
weeks and could withdraw steroids.""” A small clinical trial uti-
lized FMT for induction, maintenance and rescue therapy in
27 patients with steroid-dependent UC, 13 of whom remained
in remission at 24 weeks after induction with 3 fortnightly ses-
sions of FMT." Ten of 13 patients eventually relapsed at a me-
dian duration of 15 months, and 40% of these relapses were
managed with rescue FMT alone. While these results are prom-
ising, no patient who was on steroids at the time of recruitment
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(surrogate for steroid-dependent disease) to the RCT by Param-
sothy et al.""" achieved clinical remission with FMT. Thus, this
population of steroid-dependent UC patients is positioned to
be important stakeholders for future trials of FMT in UC.

4. Diet as an Adjunct to FMT in Induction and
Maintenance of Remission in UC

Diet has been an important modulator of gut microbiome and
hence it would be an attractive strategy to modify diet along
with FMT."”! We performed an open-label RCT in which we
randomized 66 patients with mild-moderate UC to a combi-
nation of FMT and anti-inflammatory diet (AID), compared
to optimized standard medical therapy.”' There were high re-
sponse rates in the FMT-AID arm with over two-thirds of pa-
tients having a clinical response at 8 weeks (OR, 3.5; 95% CI,
1.3-9.6). Further, the response to induction in the FMT-AID
arm was maintained with AID alone in 25% of patients (vs. 0%
in SMT, P=0.007). The AID consisted of a combination of di-
etary constituents that have been found to ameliorate gut in-
flammation in pre-clinical models and epidemiological stud-
ies—mainly, avoidance of gluten-based grains, dairy products,
processed meats, refined sugars, and increasing amount of
fruits and vegetables in diet.'” Another small trial was stopped
due to futility after the recruitment of 62 patients when UC ex-
clusion diet (UCED) was found to be superior to FMT with or
without UCED based on higher clinical remission and muco-
sal healing.' This suggests the need for further head-to-head
comparison of UCED versus FMT and as adjuncts.

5. FMT in Severe UC

There have been emerging reports on the use of FMT in pa-
tients with acute severe UC (ASUC). A patient who developed
ASUC on a background medical therapy comprising of inflix-
imab, azathioprine and mesalamine, and did not respond to
steroids by day 3 was provided FMT and had clinical as well
as endoscopic remission on follow-up." Another case report
depicted failure of FMT as a salvage therapy in a 3-year-old
patient with ASUC who eventually required colectomy.'” Mi-
crobiome analysis confirmed the lack of alteration in gut mi-
crobiome in this patient despite FMT, possibly explaining the
lack of response.

EFFICACY OF FMT IN CD

1. Induction of Remission
A systematic review analyzed 228 patients from 11 cohort stu-

www.irjournal.org
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dies and 1 randomized trial that evaluated the efficacy of FMT
in the induction of remission in CD."” They found 57% of pa-
tients achieved clinical remission within 2 to 4 weeks after
FMT and significantly reduced Crohn’s Disease Activity Index
(CDAI) scores within 4 to 8 weeks after FMT. Three of the 12
included studies restricted recruitment to patients with L2
(colonic) disease, possibly due to positive experience in UC.
Subgroup analyses found that pre-FMT treatment with antibi-
otics led to improved remission rates. Further, after FMT there
was an increase in microbiome alpha diversity (Shannon in-
dex) and a shift towards donor microbiome profile. Yang et
al.” only included patients with active (clinical disease activity,
CDAI scores >150) colonic disease in their clinical trial. They
administered FMT either via gastroscopy or colonoscopy in
half patients each. Baseline CDAI scores (mean) were 275 and
290 in the gastroscopy and colonoscopy groups, respectively,
with an overall clinical remission rate (CDAI <150) in 66% of
patients which was similar in both groups. Importantly, no
clinical trial in CD till date, nor any cohort, has compared FMT

115

in CD with placebo. " Thus there is an urgent need for place-
bo-controlled clinical trials of FMT in CD, and results of re-
cently completed trials are awaited (Clinicaltrials.gov NCT

03078803)."”°

2. Maintenance of Remission

A pilot RCT included 17 patients with colonic or ileocolonic
CD and after attaining remission of flare with steroids, were
randomized to either FMT or placebo for maintenance of re-
mission."” Remission rates at 10 weeks were 87% and 44%, and
at 24 weeks were 50% and 33% in the FMT and placebo arms
respectively, but the study was underpowered for this compari-
son (RR for remission at 24 weeks 1.21;95% CI, 0.36-4.14). Larg-
er controlled studies are needed to ascertain the potential of
FMT for CD, including both colonic and ileal disease.

WHY DOES FMT NOT WORK AS WELL IN CD?

There are several reasons why FMT has more consistent ben-
efits in patients with UC while studies in CD have shown mixed
results. Firstly, colonoscopic instillation during FMT provides
healthy bacteria at the immediate site of injury in UC but in
CD may not reach the target areas which are inflamed. Sec-
ondly, gut microbial diversity of ileal and ileocolonic CD is sig-
nificantly different from healthy controls while those of colon-
ic CD and UC were closer to each other’ This is consistent with
host genetic and clinical studies that show that colonic and il-

www.irjournal.org

https://doi.org/10.5217/ir.2023.00085 « Intest Res 2024;22(1):44-64

eal CD are distinct, such that colonic CD lies between UC and
ileal CD."”" Perianal fistulae in CD house their own distinct
dysbiotic microbiota.'”

SPECIAL SCENARIOS WITHIN IBD

Even within the domain of IBD, there have been small studies
that have attempted to ameliorate extraintestinal manifesta-
tions or other complications of IBD. A pilot study included 10
patients with IBD (9 UC and 1 CD) with primary sclerosing
cholangitis and elevated alkaline phosphatase > 1.5 times up-
per limit of normal, and found 3 out of 10 patients to have >50%
decline in alkaline phosphatase levels after a single session of
FMT."! Despite the small sample size, they found that engraft-
ment of the operational taxonomic units from donor feces was
correlated with response in alkaline phosphatase levels.
Pouchitis is a frequent and bothersome complication fol-
lowing ileal pouch-anal anastomosis following colectomy for
IBD, and interest in FMT has arisen after early studies show-
ing dysbiosis in patients with pouchitis but not those with heal-

132

thy pouch.™ A systematic review of FMT in pouchitis identi-
fied 9 studies (predominantly case reports and series) with 69
patients and found response rates of 31% and remission rates
of 22% following FMT, although with significant heterogeneity
in FMT methods."

Response of perianal CD to FMT has not been systemati-
cally assessed even though they have been included in ongo-

ing trials.""

CDI IN PATIENTS WITH IBD

There have been numerous reports of successful treatment of
CDI in patients with underlying IBD, whose mucosal immu-
nological dysfunction and microbial dysbiosis provide a fertile
ground for manifestation of CDL A meta-analysis of 9 cohort
studies found an overall cure rate of 89% for CDI, similar in
patients with or without IBD, and similar success rates in CD
and UC." Surprisingly, 7 patients in the review required col-
ectomy for disease flare up of IBD after FMT which was a fre-
quent adverse event. Engraftment of microbial taxa is impaired
in patients with active IBD requiring escalation of medication,
although this did not result in higher recurrence of CDI on fol-
low-up at 6 months." They also found 16% and 55% prevalence
of IBD flares at 2 and 6 months post-FMT.
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SAFETY AND ADVERSE EVENTS

FMT is generally considered safe, and few major side effects
have been reported in trials in UC, CD, as well as children and
adolescents with IBD."""*"'** One in 5 patients undergoing
FMT experience adverse events, including gastrointestinal
symptoms such as diarrhea (10%), and abdominal pain, cramps,
or bloating (7%), that are considered transient, mild, and self-
limiting,"* Serious adverse events including infections or death
have been reported in up to 1.4% of FMT sessions. These are of
great concern since the population of patients with IBD are of-
ten on immunosuppression, have impaired gut mucosal barri-
er, and are malnourished. As expected, these serious adverse
events are restricted to patients with mucosal barrier injury
(such as ulcers or erosions) as seen in IBD, but not when used
for IBS, obesity, or autism. However, the screening protocol
must be meticulous -there have been reported cases of bacte-
remia and sepsis following FMT-such as 2 cases of drug-resis-
tant extended spectrum beta-lactamase producing E. coli sep-
sis in UC (one of whom who received FMT during bone mar-
row suppression for hematopoietic stem cell transplantation
died),"” pneumonia and Staphylococcus epidermidis bactere-
mia in an 80-year-old lady with chronic obstructive pulmonary
disease after oral capsule FMT for recurrent CDI"' and E. coli

bacteremia in CD with recurrent CDL'"

Two other reported
cases led to fatality but were due to technical complications-
one due to difficult delivery to the duodenum leading to aspira-
tion pneumonia,'** and the other due to sedation during colo-
noscopy.'” On the other hand, a large series of 80 immuno-
compromised patients undergoing FMT for CDI, 36 of whom
were IBD patients receiving immunosuppressants, found a sin-
gle death attributed to sedation during colonoscopy and only
"* A total of 50 deaths were

reported in the systematic review by Quraishi et al."* in patients

minor self-limited adverse effects.

INTESTINAL RESEARCH

with recurrent CDIs, most of whom the individual authors did
not attribute to FMT. Four patients with a ribotype 027 strain of
C. difficile did not respond to FMT and died shortly after FMT
and were judged by the authors to be seriously ill prior to FMT
and died as a result of CDI rather than FMT."* It would be pru-
dent to conclude that the safety of FMT is not absolute, and
there is a need for conscientious choice of candidate patients,
meticulous screening for drug-resistant organisms, and vigilant
monitoring of patients post-procedure for early identification
of bacteremia and other infectious complications.

Regulatory Issues Related to FMT

FMT has been accepted widely following revelations of its ef-
ficacy, safety, and cost-efficacy in the treatment of recurrent
CDI. Authorities regulate FMT differently across countries, as
depicted in Table 2.""***' There remains confusion as to wheth-
er FMT constitutes a product of human tissue, or a collection
of microbes alone, and is unfit for the definition of drug due to
the impossibility of similarity between samples. An important
milestone for regulatory approval was when the designation
of EMT was downgraded from human tissue to medicinal prod-
uct in the United Kingdom in 2015-which allowed greater ease
of access to this therapy for a large number of patients and clin-

152

ical trials across the nation. ™ FMT remains experimental in

the context of use in IBD.

UPCOMING ADVANCES

1. Novel Methods of FMT Delivery

The FDA issued guidance statements in 2012 detailing the
chemistry and manufacturing of live microbial products (LMPs),
and approved the first fecal microbiota product, REBYOTA, in

149,153

2022 for preventing recurrent CDI. LMPs include prepara-

tions containing live bacteria or viruses for therapeutic or pre-

Table 2. Regulation of Fecal Microbiota Transplantation Therapy for Clostridioides difficile Infection and Inflammatory Bowel Disease

across Select Countries

Country C. difficile infection Inflammatory bowel disease
USA Restricted use clinically in line with FDA Experimental therapy requires investigational
enforcement discretion policy'* new drug approval or similar approval
Rebyota approved for clinical use'®
Australia Regulated as a biological drug

Netherlands, Belgium, Italy

United Kingdom, Ireland, France, Germany,
Switzerland

Regulated as a human tissue product, under European Union Tissue and Cells Directive (EUTCD

)150

Regulated as a medicinal drug, not tissue or biological drug-flexible use allowed™'

FDA, Food and Drug Administration (of the United States).
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ventative purposes, apart from vaccines. REBYOTA is a biother-
apeutic product manufactured from qualified donors, with
samples collected at the manufacturing site, in line with good
manufacturing practices with a broad spectrum of microbes,
representative of the healthy gut. It is administered rectally as
150 mL suspension within 3 days of completing antibiotic ther-
apy and is well tolerated.” Success of SER-287 (spore-based
microbiome therapeutic) in a phase 1b trial was followed by

negative results in the phase II trial."”'*

Further trials of pre-
formulated LMP preparations in IBD are underway."”’
Colonoscopic transendoscopic tube insertion involves the
trans-anal placement of a tube to the cecum, where it is affixed
using titanium clips, for the administration of FMT.'” The place-
ment procedure was successful in all cases, required approxi-
mately 15 minutes, and the tube retention period was accept-
able to patients in the initial observation study. The tubes re-
mained in place for 2 weeks on average, before falling off, and
during this period the patients could be administered FMT or

mesalazine through this without significant discomfort.

2. Machine Learning Models for Predicting Strain
Engraftment

A recent study looked at a machine learning model to predict
the best donors and also the optimal engraftment rates.'” This
was based on an integrated shotgun metagenomic systematic
meta-analysis of new and publicly available stool microbiomes
collected from 226 triads of donors, pre-FMT recipients, and
post-FMT recipients across 8 different disease types from 24
studies. This study employed new strain-resolved metagenom-
icapproaches to elucidate the degree of FMT engraftment and
associated clinical outcomes. It was seen that recipients with
higher donor strain engraftment were more likely to experience
clinical success after FMT. Increased engraftment was seen in
individuals receiving FMT from multiple routes (e.g., both via
capsules and colonoscopy during the same treatment) as well
as in antibiotic-treated recipients with infectious diseases com-
pared with antibiotic-naive patients with noncommunicable
diseases. Bacteroidetes and Actinobacteria species (including
Bifidobacteria) displayed higher engraftment than Firmicutes
except for 6 under-characterized Firmicutes species.

3. Knowledge Gaps in Practice of IBD

Much remains to be explored regarding FMT as a routinely
available treatment option for IBD. Some gaps in our knowl-
edge that impede this goal are listed in Table 3.
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Table 3. Knowledge Gaps in the Practice of FMT in IBD

1. Efficacy of multiple donors versus single donor FMT in head-to-
head trials

Optimum route for administration of FMT
Safety and utility of capsule FMT in IBD
Dosing regimen for FMT in IBD

IS8 -~ Kl

Clinical efficacy for induction of remission Crohn's' disease,
especially perianal Crohn's' disease

o

Predictors of success of FMT

7. Fecal microbiome profiling of patients to select donors, and
decide for or against FMT

FMT, fecal microbiota transplantation; IBD, inflammatory bowel disease.
CONCLUSION

FMT is a promising treatment for IBD, but more RCTs are need-
ed to establish its efficacy and safety. The existing trials suggest
that FMT may be effective in inducing and maintaining remis-
sion in patients with UC, but its effectiveness in CD is less clear.
FMT appears to be safe with few serious adverse events report-
ed. Further research is needed to optimize the delivery of EMT,
identify optimal donor selection criteria, and establish its long-
term safety and effectiveness in the treatment of IBD.
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