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Current evidence on clinical cure for Fecal Microbiota Transplantation (FMT)
for the treatment of recurrent C. difficile infection
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Abstract

Controlled clinical trials and observational studies of Fecal Microbiota Transplantation
(FMT) as a treatment for C. difficile infection (CDI) have reported cure rates ranging from
68%-100%. However, such trials and studies have varying definitions of recurrent C.
difficile, use different FMT formulations and delivery methods, and treat different patient
populations. This paper reviews important points to consider when extrapolating existing
efficacy data to the unique situation of an individual patient.

Disclaimer: The guidance presented here are general principles drawn from the
experience and medical opinions of OpenBiome’s clinical team. Physicians should use
their own discretion when evaluating their patients and consider each patient’s unique
medical needs
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What is the evidence to date on the efficacy of
FMT for the treatment of C. difficile infection?

The use of FMT for C. difficile infection has largely been studied in patients whose
infections recurred after at least one round of antibiotics. In controlled clinical trials and
observational studies, reported clinical cure rates have ranged from 68% t0100%.!

The first randomized controlled trial (RCT) comparing FMT to vancomycin for patients
with recurrent CDI reported a clinical cure rate of 81% with FMT and 31% with
vancomycin.?2 The trial was stopped early for benefit, as it was determined that it would
be unethical to withhold the FMT treatment from the control group receiving standard
of care. Following publication of the trial, several RCTs have replicated these findings.
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Overall, we have observed cure rates of 79% in e o o pry
5,155 cases across 1,176 facilities (manuscript in Clinica efficacy
preparation). Figure 1 OpenBiome FMT clinical efficacy

compared to FMT RCTs
The American Gastroenterological Association

(AGA) National FMT Registry (NCT03325855) aims to collect long-term effectiveness and
safety outcomes from patients undergoing FMT.'2 The maijority of patients (67%)
included in the registry to date have received an FMT using OpenBiome material. Other
sources include hospital-based stool banks and patient-identified donors. Results
reported from the registry have supported the findings from conftrolled clinical trials. At
their one-month check-in, 200 of 222 patients (?0%) had resolved their C. difficile
infection after their FMT (Table 1). Response to FMT was durable; out of 112 patients who
were cured after one month and attended a six-month follow-up, 108 (96%) remained
cured (Table 1).
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Registry data also demonstrated that, although most CDI cases resolved after an initial
FMT, repeat FMTs or subsequent antibiotic regimens could be used to achieve cure
after failure of the initial FMT. Of the 11 patients who failed to respond to their initial FMT
that were followed to 6 months, 7 (64%) resolved their infection either through
metronizadole and/or vancomycin (6 (86%)) or repeat FMT (1 (14%)). This is consistent
with case studies showing that sequential FMT treatments can help treat severe and
fulminant C. difficile infections.13.14

Table 1 Clinical cure of C. difficile infection one month and six months after FMT for
participants in the AGA National FMT Registry

Outcome | N (%) Outcome reported at 6 months | N (%)
reported
at 1 month
Cure 200 Initial cure 112 (91)
(90) Remained cured at 6 months 108 (96)
Recurrent CDI on or before 6 4 (4)
months
Failure 22 Initial failure at 1 month 11 (9)
(10) Remained failure at 6 months 4 (36)
Subsequent cure by 6 months 7 (64)

Note: Failure of FMT is defined by continuation or new onset of C. difficile symptoms
after 8 weeks. Recurrent symptoms may be due to relapse of the initial infecting strain
or, more rarely, reinfection with a new strain. An analysis of 134 paired stool isolates from
patients with recurrent CDIs demonstrated that in 88 percent of cases isolates obtained
2 to 8 weeks apart were identical, suggesting recurrence due to the initial infecting
strain.’> Isolates obtained 8 weeks to 11 months apart were identical in 65 percent of
the cases. It is also possible but not common, for patients to be infected with multiple
strains of C. difficile.'¢17Studies of FMT in children are more limited. The North American
Society for Pediatric Gastroenterology, Hepatology & Nutrition (NASPGHAN) has
reported outcomes from a registry of pediatric patients who have undergone FMT for
CDI. To date, clinical cure two months after FMT occurred in 271 out of 335 (81%)
subjects.’® There have been no randomized conftrolled trials in pediatric patients to
date.

While there are weaknesses in these data, as with any real-world evidence, including
underreporting and misclassification bias, data from real-world clinical experience is an
important addition to data from controlled clinical trials, and supports our
understanding of the safety and efficacy of FMT and microbial therapeutics.
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Considerations when reviewing evidence on
FMT

The evidence on the short-term clinical cure rates of FMT are good. However, there are
important points to consider when interpreting this evidence in the context of an
individual patient.

Variability in clinical trials—including differences in donor screening as well as FMT
preparation and delivery—potentially limits the generalizability of findings on efficacy:
FMT remains an investigational therapy and can be secured from multiple sources
including universal stool banks, hospital-based stool banks, and commercial companies
conducting clinical trials. Given the varied sources of FMT, formulations, concentrations,
and delivery modalities, inferences about the generalizability of clinical cure rates from
clinical trials and observational studies can be challenging.

Delivery modality and dosage are important: Clinical trials and real-world experience
suggest that enema delivery has the lowest clinical cure rate while colonoscopic
delivery has the highest clinical cure rate (Figure 1). Clinical cure rates using upper
delivery (nasoenteric/gastric tube or esophagogastroduodenoscopy) and capsules
appear to be less efficacious compared to colonoscopic delivery but potentially more
efficacious than enema delivery.

Specifically, in a randomised study primarily comparing the efficacy of fresh and frozen
FMT in freatment for recurrent CDI, only 52.8% of patients in the ‘frozen’ arm and 50.5%
of patients in the ‘fresh’ arm of the study (n=57/108 and 56/111 respectively)
experienced resolution of symptoms after a single enema, by modified intention to treat
analysis.'0 Additionally, resolution rates in both arms only reached >80% after at least
three enemas.’® A recent randomised study demonstrated similar rates of recurrence
of CDI in patients with recurrent CDI treated with either a single FMT enema or a six
week vancomycin taper (9/16 patients with recurrence vs 5/12 respectively).? However,
enemas do have specific advantages, such as being a treatment option where full
colonoscopy is contfraindicated. It is also possible to give multiple infusions relatively
easily. These lower cure rates by enema are likely driven by poor retention of material.
Colonoscopic delivery allows for higher dosage and direct delivery to the site of
infection.

An OpenBiome retrospective analysis found that FMT by colonoscopy (85.8% clinical
cure, n=1441) was superior to that by upper endoscopy (74.1 clinical cure, n=201)."?
These results extend the findings of a smaller study showing that colonoscopic delivery
resulted in a primary cure rate of 80% (8/10 patients) while nasogastric tube delivery
resulted in a primary cure rate of 60% (6/10 patients). Due to the small sample size, the
study was noft sufficiently powered to detect a difference in efficacy between the two

methods.20
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Follow-up data from physicians using OpenBiome capsules demonstrate a 74% cure
rate (304/419). This is consistent with two smaller studies observing a cure rate of
approximately 70% in smaller patient cohorts.?!22 Importantly, a randomized clinical trial
comparing capsule and colonoscopic FMT found no significant difference in clinical
cure rates when the dosage of donor microbiota was controlled.¢

Overall, comparing efficacy rates across different modalities and studies is challenging
due to differences in FMT manufacturing processes and dosing, patient populations,
and disease severity. Real-world and clinical trial data suggest that colonoscopic
delivery, upper delivery, and capsule delivery have clinical cure rates of at least 70%
while the cure rate of enema delivery is substantially lower. When selecting a delivery
modality, physicians should consider these relative efficacy rates as well as patient
comorbidities that may be contraindications for particular modailities.

Varying definitions of recurrent CDI: Another consideration when interpreting findings
from clinical trials and observational studies is the variation in reported definitions of
recurrent CDI. Most trials include patients after 3 or more episodes of C. difficile
infection (patients experienced relapses after at least 2 rounds of antibiotic
therapy),however some trials include patients after 2 episodes of CDI (patients
experienced relapses after 1 round of antibiotic therapy). Of note, the landmark
randomized controlled trial by Van Nood and collegaues2 mentioned previously
included patients who had experienced a relapse of C. difficile infection after at least
one course of antibiotic therapy.

This definition of recurrent CDl is further complicated by the tests used for diagnosising a
case for inclusion, with some studies adopting an enzyme immunoassay (EIA) to detect
toxin produced by C. difficile bacteria, and other adopting a more sensitive nucleic
acid amplificatin test, typically a polymerase chain reaction (PCR) assay, to detect the
toxin-producing genes present in C. difficile bacteria. The difference in diagnostic
methods may lead to either the exclusion of patients whose C. difficile infection is not
cured (e.g. a false negative by EIA) or more likely, who still have C. difficile genes
present in their intestinal fract but whose infection has resolved. Thus, cure rates may
be artificifically lowered if indications other than C. difficile are responsible for patients’
chronic diarrhea.
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The evidence to-date suggests high cinical cure rates of
FMT for CDI. However, there are important points to
consider when interpreting this evidence in the context
of your patient including the delivery modality, severity
of disease and underlying comorbidities such as IBD.

What about fulminant CDI?

Fulminant CDI (previously referred to as severe, complicated CDI) presents a particular
challenge characterized by elevated white cell counts, hypotension, or shock.
Typically, unlike patients with recurrent CDI, patients with fulminant CDI are not stable
on antibiotics. Randomized conftrolled trials are challenging in such a patient
population and therefore there is less robust data on clinical cure rates in this
population.

Fulminant CDI is associated with mortality rates of 21% and 43% in those who fail to
respond to antibiotic therapy. Colectomy is recommended for fulminant patients but
still results in mortality rates close to 50%.23 Even in patients who are discharged after
subtotal colectomy for fulminant disease, long-term outcomes are poor with average
survival time of 18 months.23

Findings from small study of 48 patients treated with OpenBiome FMT preparations or
managed with standard of care found a 77% decrease in odds for mortality (Odds
Ratio (OR) 0.23, 95% CI1 0.06-0.97, p=.045).24 In a retrospective review of 430
hospitalizations for fulminant CDI, FMT reduced mortality from 21.3% to 9.1% (P = .015).25
FMT may therefore offer a potential option for patients who are poor candidates for
surgery. However, given the severity of disease and associated poor outcomes, the
clinical cure rates are uncertain.

Predictors of treatment non-response

Although the clinical cure rates for FMT in CDI appear good, increasing evidence points
to the predictors of treatment non-response. In a 328 patient cohort from the United
States, predictors of FMT failure were severe or fulminant CDI, inpatient status during
FMT, and previous CDI-related hospitalization. With each additional hospitalization, the
odds of failure increased by 43%.26

In another cohort from the Unites States, 522 patients underwent FMT for CDI.27 Systemic
antibiotics after FMT, inflammatory bowel disease (IBD), pseudomembranes at FMT, and
poor bowel preparation were significantly associated with FMT failure. On multivariate
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analysis, IBD (OR 4.34; 95% Cl, 1.24-15.15), systemic antibiotics (OR 7.39; 95% ClI, 3.02-
18.07), and poor bowel preparation (OR 3.84; 95% ClI, 1.59-9.28).

Therefore, while FMT has been successful in clinical trials, there is potential for treatment
failure or incomplete resolution of patient’s symptoms. This is especially relevant if a
patient has one of the predictors reviewed above.

Summary

C. difficile infection carries high morbidity and mortality with 462,100 cases in the US
annually.8 In the past decade, FMT has developed from a fringe medical practice to
the standard of care for recurrent CDI. FMT is recommended by the Infectious Disease
Society of America, American College of Gastroenterology, and the British
Gastroenterological Society for patients who have failed antibiotic therapy.27-31

Overall, the cure rates of FMT from conftrolled and real-world settings suggests a high
efficacy rate of ~80%. Colonoscopic delivery is associated with the highest clinical cure
rates. Disease severity, inpatient status, inflammatory bowel disease and post-FMT
exposure to antibiotics may impact efficacy and should be considered when
evaluating the risk-benefit of FMT for a particular patient.
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