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Background. Fecal microbiota, live-jslm (RBL; REBYOTA™), the first microbiota-based live biotherapeutic approved by the 
US Food and Drug Administration to prevent recurrent Clostridioides difficile infection (rCDI) in adults, has been evaluated in 5 
prospective clinical trials. A retrospective analysis considered the safety and efficacy of RBL administered under US Food and Drug 
Administration enforcement discretion to patients with rCDI and broad eligibility criteria mimicking real-world practice.

Methods. We retrospectively identified adults with rCDI treated with RBL under enforcement discretion between November 1, 
2015, and September 30, 2019, across 5 study sites. CDI diagnosis was based on site-specific practice. The primary safety set (PSS) 
included all patients who were naïve to previous RBL treatment and had continuously comprehensive medical records for 6 months 
following treatment.

Results. The primary treatment cohort had 94 patients; the PSS included 64 patients with common comorbidities receiving 
diverse chronic therapeutics. Most treatment-emergent adverse events were mild to moderate in severity and comparable 
between comorbidity subgroups and the overall population. There were no serious adverse events related to RBL or the 
administration procedure. In the PSS, 82.8% of RBL-treated patients responded at 8 weeks, of whom 88.7% had sustained 
response through 6 months. The number of RBL doses administered had no marked effect on outcome.

Conclusions. Together with prospective clinical trial outcomes, these findings support the efficacy and safety of RBL to prevent 
rCDI, with diagnostics and comorbidities representative of real-world clinical practice.
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Clostridioides difficile is a leading cause of health care–associat-
ed infections in the United States [1] and has been identified as 
an urgent public health threat by the US Centers for Disease 
Control and Prevention [2]. C. difficile infection (CDI) and re-
current CDI (rCDI) are associated with substantial morbidity, 
mortality, and health care resource utilization [2–4].

Antibiotics, including vancomycin and fidaxomicin, are the 
standard-of-care (SOC) therapy for primary and recurrent ep-
isodes of CDI [5, 6]. Although antibiotic therapy is a known 
risk factor for rCDI  [7], some SOC therapies are superior to 
others in reducing this risk [8]. Regardless of antibiotic choice, 
the likelihood of CDI recurrence increases exponentially after 
each episode [9–11], and there is a critical need for novel ther-
apeutic strategies to prevent rCDI. Medical society guidelines 
now recommend fecal microbiota transplantation (FMT), a 
process of instilling normal microbiota via donor feces to cor-
rect gut microbiota disruption, for patients with rCDI who do 
not respond to SOC treatment [5, 6]. Quraishi et al. found an 
overall clinical response rate of 92% for FMT in patients with 
rCDI across 37 studies, the majority of which were retrospec-
tive case series [12]. However, across landmark efficacy trials 
for FMT in CDI, there have been no standardized study de-
signs, methods, microbiota formulations, or study end points, 
leading to challenges in accurately interpreting the efficacy 

and safety of this therapy [13, 14]. Along with the emergence 
of transmissible pathogenic organisms, concerns over the safety 
of preliminary FMT practices have arisen. There is an acute 
need for standardized microbiome restoration therapies for 
rCDI, developed under rigorous manufacturing protocols 
and evaluated in a manner that is comparable across clinical tri-
als [5, 15].

Fecal microbiota, live-jslm (REBYOTA™; abbreviated here 
as RBL, previously known as RBX2660) is the first single-dose, 
rectally administered, microbiota-based live biotherapeutic ap-
proved by the US Food and Drug Administration (FDA) for use 
to prevent recurrence of CDI in individuals 18 years and older 
following antibiotic treatment for rCDI [16]. RBL is manufac-
tured from human fecal matter, which is sourced from qualified 
donors and screened for a panel of transmissible pathogens [16]. 
Throughout 5 prospective clinical trials, RBL has demonstrated 
consistent safety and efficacy in patients with rCDI [17, 18].

To best isolate the impact of an investigational drug on a 
specific disease state, clinical trials are designed to remove 
confounders, including patients with common comorbidi-
ties and medications encountered in general clinical prac-
tice [19]. During the clinical studies evaluating RBL, the 
sponsor acknowledged that patients who did not meet in-
clusion criteria might still require treatment to prevent 
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rCDI. Hence, the “Assured Active Treatment” program was 
developed, whereby patients deemed ineligible for clinical 
trial participation or who needed additional treatment fol-
lowing study participation were offered RBL. Through this 
program, Rebiotix supplied RBL to clinical study sites 
upon request of the principal investigator and in compli-
ance with the FDA 2013 enforcement discretion (ED) policy 
[20]. The current retrospective study details the safety and 
efficacy of RBL administered under ED in real-world pa-
tients with CDI.

METHODS

Study Design

This retrospective study reports on patients with CDI aged ≥18 
years who received RBL under ED between November 1, 2015, 
and September 30, 2019, across 5 study sites. The treating phy-
sician determined a patient’s eligibility to receive RBL under 
ED, in accordance with FDA guidance [20]. Each site obtained 
institutional review board (IRB) approval to conduct the study. 
Because this was a retrospective analysis of patient medical re-
cords, patients were not contacted; a waiver of informed con-
sent/Health Insurance Portability and Accountability Act 
(HIPAA) authorization for the collection of the retrospective 
record review was obtained from each site’s IRB before begin-
ning the record review process. Laboratory diagnosis of C. dif-
ficile was not required, and there were no exclusion criteria. 
Patient data were retrospectively captured by site staff chart re-
view and recorded using an electronic database. Although data 
were collected retrospectively, it was done using a prespecified 
protocol, and all data analyses were prespecified in a statistical 
analysis plan before database lock. Additional information per-
taining to the study design is available in the Supplementary 
Methods.

The primary objective was to evaluate the safety and tolera-
bility of RBL through 6 months after treatment in patients who 
received RBL under ED. The primary end point was the num-
ber of patients with RBL- and/or procedure-related 
treatment-emergent adverse events (TEAEs), defined as ad-
verse events (AEs) occurring on or after the day of treatment 
with RBL. Other safety end points included the number of 
AEs per patient, number of TEAEs of special interest according 
to the study definition, relatedness of TEAEs, severity of 
TEAEs, and onset of new chronic conditions relative to treat-
ment administration or worsening of preexisting conditions. 
Secondary objectives included an evaluation of the efficacy of 
RBL in preventing rCDI within 8 weeks of treatment and eval-
uation of the sustained response for 6 months after treatment.

Analysis Data Sets

Efficacy and safety results were analyzed for 3 different popula-
tions (Supplementary Figure 1). The full analysis set (FAS; 

n = 94) included all patients who met eligibility criteria and re-
ceived RBL under ED during the study period. The primary 
safety set (PSS; n = 64) served as the analysis set for safety 
and efficacy end points, comprising patients who were 
treatment-naïve to RBL and met the study requirement for con-
tinuously comprehensive medical records (defined in the 
Supplementary Methods). The secondary safety set (SSS; 
n = 30) included patients who were enrolled but excluded 
from the PSS because they had received RBL during a prior 
clinical study, did not have continuous medical records for 6 
months after administration of RBL, or exited the study early 
(on March 1, 2020).

Safety Analysis

The safety analysis reported the number of TEAEs and percent-
age of patients with a TEAE. A new chronic condition was de-
fined as a TEAE lasting more than 3 months. TEAEs of special 
interest included gastrointestinal (GI) AEs, fever, chills, fatigue, 
possibility of disease transmission from donor to recipient, and 
AEs related to the administration procedure. Subgroup analysis 
of TEAEs was performed for comorbidity subgroups. 
Assignment to these subgroups was not mutually exclusive. 
These subgroups were determined by the Standardised 
MedDRA Queries of patient medical histories, namely GI 
and nonspecific inflammation and dysfunctional conditions 
and immune-mediated/autoimmune disorders.

Efficacy Analysis

An on-study episode of CDI was defined by a record of the use 
of medication (either microbiota therapy or anti-infective ther-
apy) for the treatment of CDI or a record of suspected CDI di-
arrhea following the qualifying administration of RBL. 
Treatment success was defined as the absence of CDI recur-
rence within 8 weeks following the final dose of RBL adminis-
tered for the qualifying CDI event. Sustained clinical response 
was defined as no documented on-study CDI event within 6 
months after the final dose of RBL administered for the quali-
fying CDI event. An unknown outcome was defined as no doc-
umented on-study CDI event within 8 weeks/6 months after 
the final dose of RBL administered for the qualifying CDI event, 
but medical records were not continuously comprehensive. 
Unknown outcomes were recorded as recurrence to conserva-
tively estimate efficacy for RBL. If an on-study CDI event oc-
curred within 8 weeks of the last dose of RBL administered 
for the qualifying CDI event, then that participant was deemed 
a treatment failure.

RESULTS

Demographics and Baseline Characteristics

The FAS included 94 patients across 5 study sites in Arkansas, 
Connecticut, Idaho, Louisiana, and Virginia (Supplementary 
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Table 1). Within the FAS, the mean age was 59.8 years, with 
44.7% of patients being ≥65 years of age and 72.3% being 
female. The qualifying CDI event was detected by a positive lab-
oratory test (enzyme immunoassay [EIA]/glutamate dehydro-
genase assay, or polymerase chain reaction [PCR]) in 89.4% 
of patients. PCR was the most common test for a qualifying 
CDI episode (37.2%). Eight patients (8.5%) had a positive 
EIA alone, 5 patients (5.3%) had a positive C. DIFF QUIK 
CHEK COMPLETE test alone, 12 patients (12.8%) had multi-
ple positive tests (all were PCR positive, with 6 EIA tests and 6 
C. DIFF QUIK CHEK COMPLETE), and 24 patients (25.5%) 
had positive tests defined as “other,” which included stool 
culture assays for C. difficile and toxigenic C. difficile 
(Supplementary Table 2). These tests were ordered by the local 
provider using the typical diagnostic method for CDI at the re-
spective study sites. Ten patients (10.6%) had no documented 
stool assay for C. difficile for the qualifying event and were di-
agnosed clinically.

Of the 94 FAS patients, 16 received doses in previous clinical 
studies, 15 had incomplete records, and 2 had their 6-month 
follow-up after March 1, 2020; these events were not mutually 
exclusive, and these patients were excluded from the PSS 
(n = 64) (Supplementary Figure 1). A single treatment course 
of RBL administered under ED in the PSS ranged between 1 
and 2 doses. The decision to administer 1 or 2 doses was 
made by the treating physician before intervention and was 
completed regardless of the patient’s clinical status. Patients 
who experienced rCDI after the first course may have received 
a second course of RBL under ED; 4 doses (2 treatment courses 
of 2 doses each) was the maximum number of doses that any 
patient received.

In the PSS, 70.3% of patients had GI and nonspecific 
inflammation and dysfunctional conditions, and 65.6% 
had immune-mediated/autoimmune disorders at baseline. 
Comorbid conditions included irritable bowel syndrome 
(21.9%), microscopic colitis (10.9%), Crohn’s disease (7.8%), 
and ulcerative colitis (6.3%) (Supplementary Table 1); 17.2% 
of patients received concomitant medication capable of causing 
immunosuppression at the time of the qualifying administra-
tion of RBL, such as glucocorticoids (6.3%), tumor necrosis fac-
tor–α inhibitors (4.7%), and monoclonal antibodies (1.6%) 
(Supplementary Table 3).

PSS Safety Analysis

One hundred forty-four TEAEs were recorded in 62.5% of pa-
tients who received RBL under ED (Table 1). TEAEs were con-
sidered related to RBL in 17.2% of patients and related to the 
procedure in 4.7% of patients. The majority (93%) of TEAEs 
were mild to moderate in severity.

Serious TEAEs were experienced by 12.5% of patients. One 
patient in the PSS died during the study analysis period because 
of multi-organ failure with an onset 10 days after the first 

administration of RBL. Severe and life-threatening AEs were 
experienced by 7.8% of patients and included ileus, organ fail-
ure, failure to thrive, and major depression. None of these 
events were related to RBL or the procedure.

TEAEs of special interest were recorded in 34.4% of patients, 
the most common of which included worsened diarrhea and 
abdominal cramping or pain (14.1% of patients, each). Onset 
of treatment-emergent new chronic conditions relative to treat-
ment administration was reported in 3.1% of patients; these 
were not considered serious AEs. Worsening of preexisting 
conditions was reported in 20.3% of patients, 3 of whom expe-
rienced serious AEs (1 patient experienced failure to thrive, 1 
patient experienced major depression, and rectal hemorrhage 
was experienced twice by the same patient at 27 and 138 days 
after treatment, respectively). None of these events were con-
sidered related to RBL or the procedure. The most common 
TEAEs occurring in ≥5% of patients in the PSS were GI disor-
ders (45.3%) (Supplementary Table 4).

TEAEs in the PSS Subgroups With Comorbidities

Patients with GI and nonspecific inflammation and dysfunc-
tional conditions at baseline showed trends for more TEAEs 
and serious TEAEs, yet the incidence rates of TEAEs consid-
ered to be related to RBL and the procedure were comparable 
between comorbidity subgroups and the overall population 
(Supplementary Table 5). In the GI and nonspecific inflamma-
tion and dysfunctional conditions subgroup, 126 TEAEs were 
reported by 71.1% of patients, and 76 events by 59.5% 
of patients in the immune-mediated/autoimmune disorder 
subgroup.

When focusing on TEAEs related to RBL, 22 events were re-
ported by 6 patients (13.3%) in the GI and nonspecific inflam-
mation and dysfunctional conditions comorbidity subgroup, 
and 9 events were reported by 4 patients (9.5%) in the immune- 

Table 1. Overview of Treatment-Emergent Adverse Events (PSS)

Adverse Event Category

PSS

(n = 64)

Events No. (%)

Participants with any TEAE 144 40 (62.5)

Related TEAEs … …

Related to RBL 32 11 (17.2)

Related to procedure 4 3 (4.7)

Severe and life-threatening TEAEs 10 5 (7.8)

TEAEs leading to death 1 1 (1.6)

Serious TEAEs 11 8 (12.5)

TEAEs of special interest 58 22 (34.4)

Onset of treatment-emergent new chronic conditions 
relative to treatment administration or worsening of 
preexisting conditions

33 15 (23.4)

Abbreviations: PSS, primary safety set; RBL, fecal microbiota, live-jslm; TEAE, 
treatment-emergent adverse event.
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mediated/autoimmune disorder subgroup. Subgroup percent-
ages were less than the 17.2% overall TEAE rate. Three events 
related to procedure were reported in 2 patients (4.4%) in the 
GI and nonspecific inflammation and dysfunctional conditions 
comorbidity subgroup, and a single event related to procedure 
was reported in 1 patient (2.4%) in the immune-mediated/au-
toimmune disorder subgroup, which was similar to the 4.7% of 
TEAEs related to procedure reported in the overall PSS.

Efficacy Analyses
PSS
Overall, 82.8% of patients who received RBL under ED 
achieved treatment success (Table 2). The proportion of pa-
tients who remained recurrence-free 8 weeks following initial 
administration was similar for patients who received 1 dose 
of RBL (83.3%) vs 2 doses (82.5%). Four of the 24 patients 
who received 1 dose of RBL for the qualifying event received 
the product via colonoscopy; all 4 achieved treatment success.

Of the 53 patients in the PSS who demonstrated treatment 
success through 8 weeks, 47 (88.7%) experienced sustained 
clinical response through 6 months following treatment. The 
rates of sustained clinical response were similar in patients 
who received 1 (90.0%) or 2 (87.9%) doses of RBL.

To determine whether the method of detecting a CDI event 
affected efficacy outcomes, subgroup analyses of treatment suc-
cess were performed for subgroups with and without a positive 
laboratory test for the qualifying and/or first on-study CDI 
events. In the PSS, the rates of treatment success were similar 
for participants with a positive laboratory test for the qualifying 
CDI event (46/55 [83.6%] participants) and for participants 
without a positive laboratory test (7/9 [77.8%] participants). 
The first on-study CDI event in the first 8 weeks was diagnosed 
with a positive laboratory test in half of the cases (5 partici-
pants) and without a positive laboratory test in the other half 
of the cases (5 participants).

FAS
Treatment outcomes for 8 patients in the FAS were unknown. 
Given this uncertainty, they were conservatively included as 

treatment failures in the efficacy analysis. Following this as-
sumption, in the FAS, 70.2% of patients achieved treatment 
success. The number of RBL doses administered had no notable 
effect on treatment outcomes, with 74.4% and 66.7% of patients 
who received 1 and 2 doses experiencing treatment success, re-
spectively. One patient received 3 doses, each 1 week apart, as 
set forth in the local providers’ plan as a single treatment 
course; this patient experienced treatment success. Ten of the 
39 patients who received 1 dose of RBL for the qualifying event 
received the product via colonoscopy; 80% of these individuals 
achieved treatment success. Of the 66 patients in the FAS who 
experienced treatment success, 58 (87.9%) demonstrated a sus-
tained clinical response through 6 months following treatment.

DISCUSSION

In this study, RBL administered under ED to a real-world pop-
ulation demonstrated high clinical efficacy to prevent rCDI 
during the first 8 weeks following treatment. Of the initial re-
sponders, a high percentage had sustained clinical response 
through 6 months. These efficacy findings are consistent with 
previous randomized controlled trials [17]. Similarly, the safety 
results are consistent with those recorded in RBL prospective 
trials [18].

Here, treatment success rates were similar to those in the 
prospective RBL phase 2 and 3 clinical studies. The phase 3 
PUNCH CD3 study used a Bayesian analysis integrating data 
from the phase 2b PUNCH CD2 study for the primary efficacy 
end point, and the model-estimated treatment success rates 
were 70.6% and 57.5% for RBL and placebo, respectively [21]. 
Here, the FAS showed an efficacy rate of 70.2%, assuming 
that all 8 participants lost to follow-up recurred, and the PSS 
showed an efficacy of 82.8% over the 8-week period. Our results 
are consistent with the 75% of patients reported to be CDI 
recurrence-free through 8 weeks via interim results of the 
PUNCH CD3-OLS study evaluating RBL [22]. Furthermore, 
the sustained clinical response through 6 months of follow-up 
reported in our real-world population replicates that reported 
across the 5 prospective clinical trials [17]. Overall, in the clin-
ical program, the majority of primary RBL responders re-
mained CDI-free for 6 months and up to 24 months after 
treatment, with sustained response rates ranging from 82.0% 
to 92.1% [17]. Here, 88.7% of PSS patients who initially re-
sponded remained responsive 6 months following the initial 
treatment. Furthermore, a single dose of RBL in patients in 
the PSS was associated with an 83.3% response rate at 8 weeks, 
while those who received 2 doses had an 82.5% response rate. 
This response was sustained throughout 6 months in 90.0% 
and 87.5% of patients who received 1 and 2 RBL doses, respec-
tively. Similar results were observed for the FAS population 
with both a single and second dose of RBL through week 8, 

Table 2. Summary of Treatment Success by Number of RBL Doses 
Administered for the Qualifying CDI Event Under Enforcement Discretion 
(PSS)

No. (%) of Participants

Efficacy outcome PSS (n = 64) 1 dose (n = 24)a 2 doses (n = 40)

Treatment success 53 (82.8) 20 (83.3)a 33 (82.5)

Treatment failure 10 (15.6) 4 (16.7) 6 (15.0)

Unknown 1 (1.6) 0 1 (2.5)

Abbreviations: CDI, Clostridioides difficile infection; PSS, primary safety set; RBL, fecal 
microbiota, live-jslm.  
aFour participants in the PSS received 1 dose of RBL via colonoscopy. Overall, 4 of 4 
participants who received RBL via colonoscopy achieved treatment success.

RBL in a Real-world Population • OFID • 5



sustained through 6 months. This highlights that a single dose 
of RBL is sufficient in preventing rCDI.

The efficacy observed in the current study is comparable to 
preliminary FMT studies. Tariq et al. reported an efficacy rate 
of 76.1% for FMT in trials that included a control group, 
82.7% in open-label studies, and 67.7% in randomized con-
trolled trials [23]. Here, 82.8% efficacy in patients in the PSS 
aligned with the 82.7% from the meta-analysis, showing consis-
tent efficacy with other open-label studies [23]. This study also 
begins to inform the possibility of other routes of administration 
(ie, colonoscopy) for RBL, which occurred under ED because 
FMTs are commonly administered through this route [24].

In clinical trials, narrow eligibility criteria that isolate the dis-
ease of interest and remove confounding variables often result 
in the exclusion of patients with comorbidities and risk factors 
reflective of real-world populations [19]. The current retro-
spective analysis evaluated a patient population with broad el-
igibility criteria, inclusive of comorbidities and concomitant 
immunosuppressive medications. Data were collected retro-
spectively, but the collection process was monitored and source 
data verified by clinical research staff, and the analyses were 
prespecified before database lock. Another factor strengthening 
the simulation of real-world practice was that there were no 
specified stool assays to confirm CDI in this study, and the local 
investigator’s clinical decision-making was unaltered when di-
agnosing and deciding on indications for SOC antimicrobial 
therapy and subsequent RBL treatment. However, future anal-
yses may consider restricting the diagnostic eligibility to that of 
a nucleic acid amplification test—alone or in combination—to 
mitigate discrepancies in the accuracy of the different diagnos-
tic strategies, particularly that of the symptomatic diagnosis by 
local providers.

The inclusion of patients with immune-mediated/autoim-
mune disorders and those receiving concomitant immunosup-
pressive medications is of clinical relevance to the safety 
analysis in the present study, as these populations are particu-
larly susceptible to infections. This subgroup of patients had a 
favorable safety profile, with the incidence of TEAEs related to 
RBL and the procedure being comparable to that of the entire 
PSS. Although research exploring FMT in patients with rCDI 
who are immunosuppressed is limited, one study that included 
80 immunosuppressed patients showed a favorable safety pro-
file, similar to that reported here [25].

Although this study provides valuable real-world insights and 
data, some limitations exist. There are implicit limitations associ-
ated with retrospective studies, including potential site selection 
bias. Hence, the study was designed to include all patients who 
received RBL under ED at prespecified clinical sites. The selected 
sites were the highest users of RBL under ED, used an electronic 
medical record system, and were willing to participate in the 
study. By using a qualifying event defined by the first exposure 
to RBL under ED, possible treatment outcome selection bias 

was addressed, as all patients were included in the study irrespec-
tive of the RBL treatment effect. To counter any possible report-
ing bias, the quality of medical records was prospectively defined 
using the study definition of continuously comprehensive cover-
age of medical records. We addressed any additional reporting 
bias by providing transparency to data from all patients who re-
ceived RBL under ED and their allocation into analysis popula-
tions. These approaches helped ensure that the quality of data 
for all patients could be assessed based on prospectively described 
objective criteria. Regarding the route of RBL administration, this 
study was designed as a retrospective observational safety study 
and was not powered to detect significant differences in efficacy 
based on administration route. Therefore, any conclusions re-
garding patients who received RBL via colonoscopy are limited 
by the small number of patients.

Overall, this retrospective analysis is representative of real- 
world diagnostics and a patient population typically encoun-
tered in everyday practice. The findings reinforce the potential 
efficacy and safety of RBL in real-world populations with com-
mon rCDI comorbidities representative of clinical practice. 
Future prospective studies with broad eligibility criteria across 
multiple centers may provide additional information on the ef-
ficacy and safety of RBL administration, as well as allow for 
comparative outcomes achieved with 1 and 2 doses, in the pre-
vention of rCDI in real-world patient populations.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond-
ing author.
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tive record review was obtained from each site’s IRB before beginning 
the record review process.
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