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ABSTRACT

Gut dysbiosis is a characteristic of inflammatory bowel disease (IBD) and is believed to play a role in
the pathogenesis of IBD. Fecal microbiota transplantation (FMT) is an effective strategy to restore
intestinal microbial diversity and has been reported to have a potential therapeutic value in IBD.
Our recent study reported a holistic integrative therapy called “step-up FMT strategy,” which was
beneficial in treating steroid-dependent IBD patients. This strategy consists of scheduled FMTs
combined with steroids, anti-TNF-o antibody treatment or enteral nutrition. Herein, we will
elaborate the strategy thoroughly, introducing the concept, potential indication, methodology, and

safety of “step-up FMT strategy” in detail.

Introduction

Inflammatory bowel disease (IBD) includes Crohn’s
disease (CD) and ulcerative colitis (UC) and is a
chronic immunologically-mediated disease charac-
terized by remission and relapse." Genetics, immu-
nology, gut microbial dysbiosis and environmental
factors play a key role in IBD pathogenesis."* Cor-
ticosteroids is one of the most effective therapies to
control active IBD,? but it is not recommended for
IBD maintenance therapy, and its efficacy in refrac-
tory IBD is limited.

Fecal microbiota transplantation (FMT), a con-
cept originally recorded in China a millennia ago,*
is a strategy to treat dysbiosis by restoring intesti-
nal microbial diversity.>® There is growing evidence
that has indicated a potential therapeutic role for
FMT in IBD.>”'® According to data (accessed
December 31, 2015) from www.clinicaltrials.gov, a
total of 35 FMT studies have been registered, with
74.3% (26/35) of these studies beginning in 2014 or
afterwards. This trend further reflects the growing
public interest in FMT for IBD treatment.
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From October 2012 to December 2015, more than
500 cases of FMT have been performed in the Medical
Center for Digestive Disease of the Second Affiliated
Hospital of Nanjing Medical University, Nanjing,
China. We previously reported the safety, feasibility,
and efficacy of a single FMT through the mid-gut as
rescue therapy for patients with medically-refractory
CD.® However, for the patients with steroid-depen-
dent IBD, a single FMT showed limited therapeutic
effect. Anecdotally, some patients failed to benefit
from the first FMT, but would achieve clinical
improvement or remission after a second FMT or a
single FMT followed by a short course of corticoste-
roid treatment. We were inspired to further study this
phenomenon and evaluate the efficacy of combination
FMT and steroid therapy for steroid-dependent UC, a
technique we termed “step-up FMT strategy.” Our
recent study demonstrated that 57.1% (8/14) of
patients with steroid dependent UC had clinical
improvement or remission and were able to discon-
tinue steroids after using this step-up FMT strategy.”
This is an addendum to the published paper.”
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The step-up FMT concept: Holistic integrative
strategy

We recently reported on the concept and efficacy of a
step-up FMT strategy using a protocol of 2 FMTs fol-
lowed by a course of steroid therapy.” We propose
that the therapeutic effects of FMT along with stan-
dard IBD therapies may work synergistically to con-
trol IBD activity.” In brief, the step-up FMT strategy
in the study was composed of 3 steps.® After a patient
was treated with the first FMT, the efficacy would be
evaluated based on clinical symptoms and laboratory
examinations. Patients who failed to benefit from the
first step would undergo the second FMT within
approximately one week. If the patient still did not
have clinical response to the second FMT within one
week, a course of steroids by oral or intravenous injec-
tion would be given, which would be tapered off by
oral after 2—-4 weeks of full dose therapy (recommend
prednisone 0.75-1.0mg/kg.d). Patients who had no
response at any of these steps could choose to switch
to a different therapy. In our center, beside this com-
bination of scheduled FMT followed by steroids, the
step-up FMT strategy has also been employed using
FMT followed by anti-TNF-« antibody or FMT fol-
lowed by exclusive enteral nutrition (Fig. 1). Our com-
ing reports will further describe the performance of
these strategies.

Step-up FMT strategy combines FMT and standard
IBD medications in a way that allows these therapies to
work synergistically in patients who have failed indi-
vidual components of this therapy. The exact mecha-
nism of how this strategy could work better than 2 or 3
individual therapies is still unclear. We hypothesize
that remodeling the intestinal microbiota by one or 2
FMTs might improve patients’ ability to respond to
other therapies since the intestinal microbiota play
multiple physiologic functions, such as modulating
immunity, maintaining epithelial homeostasis, partici-
pating in digestion and fat metabolism, as well as for-
mulating and developing of nervous system.'''® In
prior studies of FMT for IBD, patients with successful
responses following FMT had gut microbiome compo-
sitions that were highly similar to their related
>717 and the results of lymphocyte detection in
the patients after FMT implied a restoration of patients’

donors,

immune homeostasis.® Though it is difficult to demon-
strate the mechanism of a step-up FMT strategy, it is
presumed that FMT, as the most effective way of
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Figure 1. Flow chart of the Step-up FMT strategy.

remodeling the intestinal microbiota, is the core and
the first step of this holistic integrative strategy.

The step-up FMT strategy: Potential indications

Our recently published study’ and unpublished
data suggest that the step-up FMT strategy of using
FMT followed steroids can be used for both UC
and CD. In our preliminary observations, several
patients who failed to have sustained clinical
response to anti-TNFo antibody therapy also failed
to have positive responses to FMT. However, we
noted that they benefited from anti-TNF« antibody
therapy again following initial non-response to
FMT. Furthermore, 2 CD patients who developed
infusion reactions to anti-TNF« antibody in the
past could safely undergo this biologic therapy
again after FMT. This indicates that FMT can be
used as desensitization therapy in certain condi-
tions. Interestingly, we also demonstrated this con-
cept in 2012 in a case of a 35 y old gentleman with
refractory eosinophilic gastroenteritis.'"® This man
presented with frequent bowel obstructions and
diarrhea He was misdiagnosed as Crohn’s disease
in 2 other hospitals and underwent surgery for
intestinal obstruction. Before this gentleman was
transferred to our center, he had failed a 2-week
course of prednisone. Ultimately, he benefited from
a combination of FMT followed by treatment with
prednisone. Additionally, FMT may improve clini-
cal response to enteral nutrition in patients who
did not respond to nutritional therapy prior to
FMT.>"® All of these potential indications require



further evidence from large, controlled clinical tri-
als. However, further research on which patient is
most appropriate for treatment with “step-up

FMT” is also a critical scientific question.

The step-up FMT strategy: Related methodology

Different FMT protocols have been reported from dif-
ferent medical centers,2°2¢ including our own,”?” with
corresponding variability in FMT efficacy.>*'*'7*7*
It is possible that these different FMT methodologies
may play an important role in the resulting FMT

2
outcomes.”*”*°

Donor selection: Who is the best donor?

Two recent randomized controlled trials of FMT
for ulcerative colitis indicated that FMT efficacy
was dependent on donor selection.”?” However,
Paramsothy et al.’' reported that only 10% (12/
116) of healthy persons screened met the strict cri-
teria required of FMT donors. Yet all the currently
published donor criteria are exclusion criteria, and
there are no known unique characteristics that can
identify the ideal donor for FMT for IBD indica-
tions. Screening suitable donors by their intestinal
microbiota composition may be a promising con-
cept. For example, Vermeire et al.’* reported that
donor species richness determines the efficacy of
FMT for IBD. In one of our recent studies, donor
ages ranged from 8 to 18 year-old. The reason for
this included safety considerations and guidance
from traditional Chinese medicine literature. First,
children between these ages have less risk of sexu-
ally transmitted diseases in China because they
generally have no sexual life. Secondly, the donor
selection recommended for FMT in traditional Chi-
nese medicine was at this age period.”> Whether
donors screened from this age cohort lead to better
clinical outcomes is yet to be confirmed by a well-
designed clinical trial.

The status of isolated microbiota: The difference for
IBD and CDI?

Clostridium difficile infection (CDI) is an infection
disease which often occurs as a result of marked dis-
ruption of the intestinal microbiota by antibiotics.”
Treatment with FMT results in high cure rates for

recurrent CDI,>** regardless of donor characteristics
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(barring screening for infectious organisms), amount
of stool material infused or delivery method. Further-
more, there are no significant differences in the effi-
cacy of fresh versus frozen microbiota. ** Compared
to CDI, IBD etiology is a more complex interaction of
chronic intestinal inflammation and factors including
genetic, immunological, environmental, and gut
microbial composition determinants."”” Tt is unclear
if the dysbiosis seen in IBD is a cause or a consequence
of the diseaese."**® The different pathogenic mecha-
nisms of CDI vs. IBD may therefore require different
donor microbiota. Our previous study showed the rate
of clinical response at 3 months after FMT in CD
patients treated with frozen fecal microbiota was lower
than that in patients treated with fresh microbiota;®
however, this was not statistically different likely due
to the small study size. Therefore, we hypothesize that
the decreased IBD clinical response in patients treated
with frozen stool may be because of the inactivation
or killing of bacteria during the freezing process.

Since we do not know the changing of fecal viable
organism after the feces is defecated from the colon, it
may be the best way to deliver them into the place
(intestine) where they should be as soon as possible.*
To that end, our FMT workflow is designed to be
completed within one hour, from stool collection to
transplantation or storage, using the support of the
automatic system GenFMTer (FMT medical, Nanjing,
China).”® To better standardize and shorten the pro-
cess of donor stool preparation, we recently estab-
lished a clinical laboratory abiding by the standards of
the Good Manufacturing Process (GMP) applicable to
pharmaceuticals and medical devices (Fig. 2). The
entire stool preparation process is completed in this
GMP laboratory, including stool collection, purifica-
tion of fecal microbiota using the GenFMTer system,
and storage in the fecal microbiota bank.

Delivering way: Mid-gut or lower-gut?

The reported delivery pathways for FMT can be sum-
marized and divided into upper-gut, mid-gut and
lower-gut. The upper-gut delivery methods include
oral capsules of fecal microbiota.”® Mid-gut delivery
methods include delivery through nasointestinal
tubes,**>*!
endoscopic gastrostomy with jejunal (PEG]) tubes.
methods colonoscopy,m42
enema,” infusions through colonic stomas?® and a

endoscopic channels® and percutaneous

Lower-gut include
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Figure 2. The lab at GMP level with the GenFMTer.

novel delivering method using colonic transendo-
scopic enteral tubing (TET) designed by us and using
in multicenter as trial.*> At least for IBD, FMT deliv-
ery through colonoscopy or enema may not be the
best choice as certain patients often have difficulty
retaining the infused contents.

The step-up FMT strategy: Safety consideration

Though there have been no severe complications from
FMT at our hospital, institutions from Austria,**
North America,***°
reported minor adverse events after FMT, such as
fever, diarrhea, abdominal pain, bloating and IBD
flares. From a review of all the FMT cases from our
center and from the national fecal microbiota bank
platform (www.fmtBank.org) in China, adverse events

Europe’”” and China® have

occurred in patients with definite or potential immu-
nocompromised status, extensive and deep mucosal
ulcers (eg. IBD), but not in those with functional intes-
tinal diseases. Therefore, the safety consideration must
be given to step-up FMT strategy.

Conclusion

Step-up FMT strategy should be a therapeutic option
for steroid dependent IBD. Further researches on its
possible conditions, methodology and mechanism are
important for improving our recognition on the sig-
nificance of remodeling gut microbiota in human
diseases.
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