Drugs & Therapy Perspectives (2023) 39:331-338
https://doi.org/10.1007/540267-023-01023-y

ADIS DRUG Q&A q

Check for
updates

RBX2660 (REBYOTA®) in preventing recurrence of Clostridioides difficile
infection: a profile of its use in the USA

Hannah A. Blair'

Accepted: 31 August 2023 / Published online: 23 September 2023
© Springer Nature 2023, corrected publication 2023

Abstract

RBX2660 (fecal microbiota, live-jsim; REBYOTA®) is an emerging option for the prevention of recurrent Clostridioides
difficile infection (CDI) following standard of care (SOC) antibiotics. RBX2660 is a first-in-class, live biotherapeutic product
available as a single-dose microbiota suspension for rectal administration. RBX2660 was effective in reducing recurrent
CDI following SOC antibiotic therapy in the pivotal, phase 3 PUNCH CD3 trial. In a Bayesian analysis model, RBX2660
was superior to placebo in terms of treatment success, defined as the absence of CDI diarrhea within 8 weeks of study treat-
ment. Most patients with treatment success at 8§ weeks remained free of CDI recurrence at 6 months. The effectiveness of
RBX2660 has also been demonstrated in the real-world setting. RBX2660 was well tolerated in the PUNCH CD3 trial, with
a manageable adverse event (AE) profile. The most common AEs with RBX2660 were gastrointestinal in nature. Most AEs
occurred during the first 2 weeks after treatment and were of mild or moderate severity.

Plain Language Summary

Clostridioides difficile is a type of bacteria that can cause infection of the large intestine. It often affects people who have
been taking antibiotics. The main symptom of C. difficile infection (CD]I) is diarrhea, which can lead to serious complica-
tions. Fecal microbiota transplantation is an investigational procedure that transfers feces from a healthy donor into the gut
of a patient with CDI. RBX2660 (fecal microbiota, live-jslm; REBYOTA®) is the first FDA-approved fecal microbiota-
based live biotherapeutic product that is administered rectally as a single dose to prevent recurrence of CDI after antibiotic
therapy for recurrent CDI. In a phase 3 clinical trial, patients with recurrent CDI who received a single dose of RBX2660 had
significantly higher rates of treatment success compared with placebo, and this response was sustained through 6 months.
RBX2660 was well tolerated, and most adverse events were mild or moderate in severity. RBX2660 is an emerging option
for preventing recurrence of CDI after treatment with antibiotics.
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Adis evaluation of RBX2660 (REBYOTA®) in

preventing recurrence of CDI

First-in-class, fecal microbiota-based live biotherapeutic
product

Supplied as a 150 mL suspension for rectal administra-
tion

Restores the intestinal microbiome

Reduces recurrent CDI following SOC antibiotic
therapy, with a sustained response through 6 months

Well tolerated, with a manageable AE profile

CDI recurrence [4, 5]. However, the procedure is not stand-
ardized, associated data for FMT is very heterogeneous, and
improper donor screening can result in the transfer of patho-
gens and multidrug-resistant bacteria [2, 6]. This has led to
the development of standardized live biotherapeutic products
that are regulated as drugs by the FDA [2]. One such prod-
uct is RBX2660 (fecal microbiota, live-jsim; REBYOTA®), a
first-in-class, rectally administered fecal microbiota suspension
approved in the USA for the prevention of recurrence of CDI in
individuals 18 years of age and older, following antibiotic treat-
ment for recurrent CDI [9]. A summary of the US prescribing
information for RBX2660 is provided in Table 1.

How does RBX2660 (REBYOTA®) work?

RBX2660 is a live fecal microbiota suspension for rectal
use [9]. It is manufactured from donated human fecal mat-
ter that has been screened for transmissible pathogens. The
exact mechanism by which RBX2660 exerts its efficacy in
preventing recurrence of CDI is unknown [9].
Prevention of recurrent CDI with RBX2660 was asso-
ciated with restoration of the intestinal microbiome, with
responders’ microbiomes showing greater microbiome
diversity and becoming more similar to RBX2660 [10,
11]. Administration of RBX2660 was correlated with
taxonomic and functional pathway composition conver-
gence of patients’ microbiota to the donor microbiota [11,
12]. Specifically, Bacteroidia and Clostridia increased
after treatment, while Gammaproteobacteria and Bacilli
decreased [10, 13]. RBX2660 also reduced the abundance
of antibiotic-resistant organisms and antibiotic-resistance
genes [11, 12], with fecal antibiotic resistance gene car-
riage decreasing in direct relationship to the degree to
which donor microbiota engrafted [12]. Introduction
of some strains of antibiotic-resistant organisms was
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observed during the transplantation process; however,
most of these were Escherichia coli commonly found
in healthy populations, and none were correlated with
clinical infection [11]. Of note, this trial enrolled patients
from December 2014 to November 2015, prior to rec-
ognition of extended-spectrum beta-lactamase (ESBL)
as an important aspect of donor screening. During this
time, donor stools were screened for carbapenem-resist-
ant Enterobacteriaceae (CRE) but not ESBL, whereas all
donor stools are now screened for both CRE and ESBL
[11]. To date, there have been no adverse infection events
due to bacterial transmission from RBX2660 in any clini-
cal trials [11, 14].

Accumulation of primary bile acids (i.e., cholic acid and
chenodeoxycholic acid) due to the disruption of intestinal
microbiota may promote recurrence of CDI, while second-
ary bile acids (i.e., lithocholic acid and deoxycholic acid)
dominate the healthy fecal bile acid profile [15]. RBX2660
altered bile acid composition by significantly reducing
fecal levels of primary bile acids and concurrently increas-
ing fecal levels of secondary bile acids [15].

Clinical response to RBX2660 in a phase 3 trial
(PUNCH CD3) was associated with clonal engraftment of
species into the patients’ microbiome [16] and restoration
of bile acid compositions from less to more healthy [17].

What is the clinical efficacy of RBX2660
(REBYOTA?®) in preventing recurrence of CDI?

RBX2660 is effective in reducing recurrent CDI follow-
ing standard of care (SOC) antibiotics for recurrent CDI.
The efficacy of RBX2660 was demonstrated in a pivotal,
randomized, double-blind, placebo-controlled, multicen-
tre, phase 3 trial (PUNCH CD3) [18] and supported by
data from phase 2 trials (PUNCH CD2 [19], PUNCH CD
[20], and PUNCH CD open-label [13]) and an open-label
phase 3 study (PUNCH CD3 OLS) [21, 22].

PUNCH CD3

Patients eligible for enrolment in PUNCH CD3 were adults
aged > 18 years with documented recurrent CDI (defined as
one or more recurrences after a primary episode) who had
completed one or more courses of SOC antibiotics or had
two or more episodes of severe CDI resulting in hospitali-
zation within the previous year [18]. Within the previous
30 days, patients were required to have a positive stool test
for the presence of C. difficile with the capability to pro-
duce toxins assessed by polymerase chain reaction, enzyme
immunoassay, or other assays. All patients were taking
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Table 1 Prescribing summary of RBX2660 (REBYOTA®) in preventing recurrence of Clostridioides difficile infection in the USA [ ]. Consulf

local prescribing information for further details

What is the approved indication of RBX2660?

The prevention of recurrence of CDI in individuals 18 years of age and older, following antibiotic treatment for recurrent CDI

How is RBX2660 supplied?

Pre-packaged carton containing suspension bag of a single 150 mL dose of fecal microbiota, live-jslm
Each dose contains between 1 x 10® and 5 x 10'© CFU/mL of fecal microbes including > 1 x 10> CFU/mL of Bacteroides and <5.97 g of

polyethylene glycol 3350 in saline
How should RBX2660 be stored?

Upon receipt
thaw time)

Store carton in ultracold freezer (— 76 °F to — 130 °F) or refrigerator (36 °F to 46 °F) for up to 5 days (including

Store administration set at 50 °C to 93 °F; do not store in freezer

Prior to use
refreeze

How should RBX2660 be prepared?

Thaw product completely in refrigerator (36 °F to 46 °F) for ~24 h; do not thaw using heat source; do not

Remove carton from refrigerator; remove bag containing thawed product from carton

Open administration set and close pinch clamp

Remove tab from spike port of bag and remove cap from administration tube spike; insert administration tube spike through spike port of bag

How should RBX2660 be administered?
Administer product 24—72 h after last dose of antibiotics for CDI

Instruct pt to empty bladder and bowel if possible; place pt in left-side or knee-chest position

Apply water-soluble lubricant to administration tube tip; gently insert tube ~ 12 cm into rectum in direction of umbilicus

Open pinch clamp on administration tube; gradually raise bag to allow delivery via gravity flow; do not allow tube to sag or loop; do not

squeeze bag; do not hang bag from a stand

After delivery, close pinch clamp and slowly withdraw tube; keep pt in left-side or knee-chest position for up to 15 min to minimize cramps

What are the contraindications to the use of RBX2660?

Pts with history of severe allergic reaction (e.g., anaphylaxis) to any known product components

How should RBX2660 be used in special populations?
Pregnant pts
Breastfeeding pts
Pediatric pts
Elderly pts

Maternal use is not expected to result in fetal exposure

Breastfeeding is not expected to result in exposure of the child

Efficacy and safety in pts aged < 18 years have not been established

Insufficient data to determine if pts aged <65 years respond differently than younger pts

What other special warnings and precautions pertain to the use of RBX2660?

Oral antibiotics

Transmissible infectious
agents

Acute allergic reactions
Food allergens

Should not be used for up to 8 weeks after administration of RBX2660 unless directed by physician
RBX2660 is manufactured from human fecal matter and may carry risk of transmitting infectious agents

Initiate appropriate medical treatment immediately in the event of an acute anaphylactic reaction
RBX2660 is manufactured from human fecal matter and may contain food allergens; the potential for adverse

reactions due to food allergens is unknown

CDI Clostridioides difficile infection, CFU colony-forming units, pt(s) patient(s)

antibiotics to control recurrent CDI symptoms. Exclusion
criteria included a known history of refractory CDI, inflam-
matory bowel disease (IBD), and irritable bowel syndrome
(IBS). After completing a full course of antibiotics and
following a 24-72 h washout period, patients were rand-
omized to receive a single dose of RBX2660 (microbiota
suspension) or placebo (normal saline). Randomization was
stratified by antibiotics used for the qualifying CDI event
(vancomycin alone, vancomycin plus another antibiotic,
fidaxomicin alone, or other). Both study treatments were
administered rectally as per instructions for use and standard
site procedures. Patients who experienced treatment failure

within the first 8§ weeks were eligible to receive a second
treatment course with open-label RBX2660 [18].

Of the 289 patients who were randomized to treatment,
267 were treated with RBX2660 (n = 180) or placebo
(n = 87) and comprised the intention-to-treat (ITT) popu-
lation [18]. Baseline characteristics were generally compa-
rable between treatment groups, although the proportion of
patients aged < 65 years was higher in the placebo group than
in the RBX2660 group (62 vs 51%). Patients had a median
age of 63 years and a median ATLAS (age, treatment with
systemic antibiotics, leukocyte count, albumin, and serum
creatinine [23]) score for the qualifying CDI episode of 3.0
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(scores range from O to 10, with higher scores correlating
with a lower cure rate [23]). The most common antibiotic
used to treat the qualifying CDI episode was vancomy-
cin (88%). The primary endpoint was treatment success,
defined as the absence of CDI diarrhea within 8 weeks of
study treatment. The primary analysis population [i.e., the
modified ITT (mITT) population] comprised all randomized
patients who successfully completed treatment and did not
discontinue the trial during the first 8 weeks for reasons
unrelated to CDI (n = 262). The primary endpoint was ana-
lyzed using a Bayesian hierarchical model that formally inte-
grated information about the treatment effect from the earlier
phase 2b PUNCH CD2 trial. This model provides estimates
of the treatment success rates for each treatment group in
PUNCH CD3 as well as the estimated treatment effect and
the associated posterior probability of superiority [18].
RBX2660 was effective at reducing recurrent CDI, as
evidenced by a significantly higher treatment success rate
with RBX2660 than with placebo in the mITT population
(Table 2) [18]. Similar results were seen in the ITT and per-
protocol populations (Table 2). Prespecified subgroup analy-
ses of the primary endpoint demonstrated consistent efficacy
of RBX2660 across subgroups based on sex, age (<65 vs
> 65 years), race (white vs non-white), and number of previ-
ous episodes of CDI (<3 vs > 3) [18]. In post hoc analyses,
RBX2660 treatment success rates were consistent regardless
of comorbidities [i.e., baseline Charlson Comorbidity Index
score of 0-2 (mild), 3—4 (moderate), or 5+ (severe)] [24, 25]
and the presence of underlying cardiac, renal, or gastroin-
testinal (GI) disorders [24]. Among patients with a first CDI
recurrence (n = 86), 79% of RBX2660 recipients and 61% of
placebo recipients achieved treatment success at week 8 [26].

The proportion of patients with treatment success
at 8 weeks who remained free of CDI recurrence at
6 months was 92% with RBX2660 and 91% with placebo
(mITT population) [18]. Of the 41 RBX2660 recipients
with confirmed treatment failure who received a second
treatment course with open-label RBX2660, 22 (54%)
achieved treatment success within 8 weeks; of these,
19 (86%) had a sustained response through 6 months.
Of the 24 placebo recipients with confirmed treatment
failure who were subsequently treated with open-label
RBX2660, 15 (63%) achieved treatment success within
8 weeks and all 15 had sustained response through
6 months [18].

RBX2660 improved health-related quality of life (HR-
QoL) in patients with recurrent CDI, as assessed using the
32-item C. difficile HR-QoL (Cdiff32) instrument (total
scores range from 0 to 100, with 100 being the best possible
score) [27]. Cdiff32 total scores improved significantly from
baseline at all time points (i.e., weeks 1, 4, and 8) in both
treatment groups (all p < 0.001). At week 8, RBX2660 was
associated with a significantly (p < 0.05) greater improve-
ment in Cdiff32 mental domain score than placebo. In mul-
tivariable adjusted analyses, there were statistically signifi-
cant differences between RBX2660 and placebo at week 8
for Cdiff32 total score, physical domain score, and mental
domain score (all p < 0.05). Among responders (i.e., no
recurrence of CDI), improvements from baseline to week 8
were statistically significant (all p < 0.001) for Cdiff32 total
score and all three domain scores (i.e., physical, mental,
and social), for both RBX2660 and placebo. Non-respond-
ers showed numerical improvements from baseline with
RBX2600 but not placebo [27].

Table 2 Efficacy of RBX2660 (REBYOTA®) for the prevention of recurrent Clostridioides difficile infection in the phase 3 PUNCH CD3 tria

1181

Matched study Treatment success® (%)

Treatment effect

Posterior probability of superiority

populations? (95% CI) of RBX2660 vs placebo®
RBX2660 Placebo

mITT 70.60 57.50 13.1 (2.3-24.0) 0.99136

ITT 69.10 56.90 12.1 (1.4-23.0) 0.98637

PP 71.50 56.20 15.3 (4.3-26.3) 0.99690

(m)ITT (modified) intention to treat, PP per protocol

#Matched populations from the phase 2 PUNCH CD2 trial [19] were used to generate Bayesian model-estimated treatment success rates

Primary endpoint, defined as the absence of C. difficile infection diarrhea within 8 weeks of study treatment

“Threshold of >0.975 (selected to control the nominal type I error rate without borrowing at one-sided 0.025) provides evidence of a statistically

significant phase 3 trial
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PUNCH CD3 OLS

Results of PUNCH CD3 were supported by those of
PUNCH CD3 OLS, an ongoing, open-label, phase 3 study
of RBX2660 for the reduction of recurrent CDI in patients,
including those with common comorbidities [21, 22]. At
the time of analysis, the study had enrolled 483 patients
aged > 18 years with medically documented recurrent CDI.
Following treatment with SOC antibiotics, all patients
received a single dose of rectally administered RBX2660.
The median age of patients at baseline was 63 years. Some
of the GI comorbidities included IBS (13%), ulcerative coli-
tis (7%), Crohn’s disease (4%), and IBD unspecified (1%)
[21, 22].

RBX2660 reduced CDI recurrence at 8 weeks, with a sus-
tained clinical response through 6 months [21, 22]. Overall,
75% of patients achieved treatment success (i.e., recurrence-
free) at week 8, and most patients (84%) remained recur-
rence-free after 6 months of follow-up [21, 22]. In ad hoc
subgroup analyses, RBX2660 consistently reduced recurrent
CDI in patients with underlying GI comorbidities (i.e., gas-
troesophageal reflux disease, IBS, diverticulitis, IBD, and
unspecified colitis) [28] and in patients with immunocom-
promising conditions (i.e., malignant tumors, end-stage renal
disease, immunodeficiency syndromes, HIV, and congenital
hemoglobinopathies) [29].

In the real-world setting

Real-world experience with RBX2660 supports the efficacy
results observed during the PUNCH CD3 trial [30]. Because
an enforcement discretion policy was in place for FMT,
RBX2660 was administered off-study via this mechanism
for patients who were ineligible/unable to participate in a
clinical trial or who required additional treatment beyond
a clinical trial. Patient experience was then assessed in a
retrospective study of 94 patients aged > 18 years with recur-
rent CDI who received one or two doses of RBX2660. The
mean age of patients was 60 years, and 45% of patients were
aged > 65 years. Comorbid conditions included IBS (22%),
microscopic colitis (11%), Crohn’s disease (8%), and ulcera-
tive colitis (6%). The overall rate of treatment success (i.e.,
absence of CDI recurrence within 8 weeks of treatment)
was 83% in the primary safety set (PSS; n = 64) and 70%
in the full analysis set (FAS; n = 94). Among patients who
achieved treatment success at week 8, 89% of those in the
PSS and 88% of those in the FAS had a sustained clinical
response through 6 months. In both study populations, treat-
ment success rates were similar in patients who received one
or two doses of RBX2660 [30].

What is the tolerability of RBX2660
(REBYOTA?®) in preventing recurrence of CDI?

RBX2660 is well tolerated with a manageable adverse event
(AE) profile, based on data from the pivotal PUNCH CD3
trial [18]. Through 6 months after blinded treatment, AEs
occurred in 56% of RBX2660 recipients and 45% of pla-
cebo recipients. The most common (incidence >5%) AEs
with RBX2660 were diarrhea (20% vs 19% with placebo),
abdominal pain (19% vs 9%), nausea (11 vs 5%), and abdom-
inal distension (6 vs 5%). Most AEs occurred during the
first 2 weeks after treatment and were mild or moderate in
severity. Serious AEs occurred in 4% of RBX2660 recipients
and 2% of placebo recipients. One patient in the RBX2660
group discontinued because of an AE [18].

The safety of RBX2660 was demonstrated in an integrated
analysis of data from three phase 2 trials (PUNCH CD,
PUNCH CD2, and PUNCH CD open-label) and two phase 3
trials (PUNCH CD3 and PUNCH CD3 OLS) [14]. In the
safety population (n = 1061), treatment-emergent AEs
(TEAES) through 6 months were reported in 507/763 (66%)
patients who received RBX2660 only and 50/83 (60%)
patients who received placebo only. Most TEAEs were of
mild or moderate severity and were related to pre-existing
conditions. The most common (incidence >5%) TEAEs
associated with RBX2660 were diarrhea (21% vs 18% with
placebo), abdominal pain (15 vs 8%), nausea (8 vs 4%),
flatulence (7 vs 1%), abdominal distension (7 vs 4%), and
urinary tract infection (6 vs 5%). Serious TEAEs occurred
in 12% of RBX2660 recipients and 7% of placebo recipi-
ents, most of which were considered related to CDI and pre-
existing conditions. There were no unexpected TEAEs and
the incidence of potentially life-threatening TEAEs was low.
TEAEsS leading to death within 6 months after treatment
occurred in 18 (2%) RBX2660 recipients. One death (severe
CDI recurrence) was considered related to CDI and cardio-
vascular comorbidities and possibly related to RBX2660;
however, the event was subsequently determined to not be a
product-related safety concern [14].

A retrospective study has demonstrated the real-world
safety of RBX2660 [30]. The primary endpoint of this study
was the number of patients with TEAEs, defined as AEs
occurring on or after the day of treatment with RBX2660.
In the PSS, a total of 144 TEAEs were reported in 40 (63%)
RBX2660 recipients. The most common (incidence >5%)
TEAESs were abdominal pain (14%), diarrhea (14%), urinary
tract infection (11%), CDI (8%), abdominal distension (6%),
flatulence (6%), and nausea (6%). Most TEAEs were mild
to moderate in severity. Severe and potentially life-threaten-
ing TEAES (including ileus, organ failure, failure to thrive,
and major depression) occurred in 8% of patients, serious
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TEAEs occurred in 13% of patients, and treatment-related
TEAE:s occurred in 17% of patients [30].

What is the current clinical position
of RBX2660 (REBYOTA®) in preventing
recurrence of CDI?

RBX2660, the first fecal microbiota-based live biothera-
peutic, is an emerging option for the prevention of recur-
rent CDI following SOC antibiotic therapy. In the pivotal
PUNCH CD3 trial, a single, rectally administered dose of
RBX2660 effectively reduced recurrent CDI, with a sus-
tained response through 6 months [18]. One limitation of
PUNCH CD3 is the exclusion of participants with IBS and
IBD [18]. However, RBX2660 also consistently reduced
CDI recurrence in PUNCH CD3-OLS [21, 22] and in a
retrospective real-world study [30], both of which enrolled
more diverse populations, including patients with underlying
GI comorbidities such as IBS and IBD. These populations
are likely to be more representative of the general recurrent
CDI population.

As per current treatment guidelines, FMT is recom-
mended as a therapeutic option for patients with two or
more recurrences of CDI [4, 5]. However, for patients with
demographic, pharmacologic, and environmental risk fac-
tors for CDI recurrence, earlier usage (i.e., for a first recur-
rence) should be considered [31]. Indeed, results of a post
hoc analysis of PUNCH CD3 support the use of RBX2660
in patients with a first CDI recurrence [26].

Despite its efficacy and inclusion in treatment guide-
lines, conventional FMT is limited by the lack of standard-
ized manufacturing processes [14]. To ensure patient safety,
RBX2660 is subject to standardized screening procedures
and testing protocols in accordance with US FDA require-
ments [14]. As part of the manufacturing process, RBX2660
stool donors are required to undergo thorough screening
and routine testing for a wide range of pathogens, including
viruses, bacteria, and parasites [18]. Moreover, administra-
tion of RBX2660 is well tolerated in patients with recurrent
CDI. The AE profile of RBX2660 is manageable, with most
AEs occurring during the first 2 weeks after treatment and
being of mild or moderate severity.

To date, no randomized clinical trials have directly com-
pared the efficacy of RBX2660 with other approved phar-
macological therapies for prevention of CDI recurrence. For
example, SER-109 (fecal microbiota spores, live-brpk) is an
orally administered microbiota-based therapeutic indicated
to prevent the recurrence of CDI following antibiotic treat-
ment for recurrent CDI [32]. A recent systematic review and
meta-analysis (up to May 2021) comparing interventions
added to antibiotic therapy found that RBX2660, bezlotox-
umab/actoxumab, and bezlotoxumab were all more effective
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than placebo at reducing CDI recurrence, with odds ratios
of 0.47 (95% CI 0.22-0.99), 0.47 (95% CI 0.37-0.60), and
0.53 (95% CI1 0.42-0.68), respectively [33]. Actoxumab and
SER-109 were not superior to placebo [33]. Results of such
indirect comparisons should be interpreted cautiously. Head-
to-head clinical trials comparing the efficacy and tolerabil-
ity of RBX2660 relative to other agents would be of inter-
est. A multicentre, single-arm, phase 3 trial (CDI-SCOPE)
is currently underway to assess the safety and efficacy of
RBX2660 when delivered by colonoscopy to adults with
recurrent CDI [34].

As the most common healthcare-associated infection in
the USA [35], CDI carries a substantial clinical and eco-
nomic burden [36, 37]. Moreover, recurrent CDI can con-
siderably increase the use of medical resources and related
expenses, with direct medical costs related to recurrent CDI
in the USA estimated to be $2.8 billion per year [35]. In a
recent cost-effectiveness analysis using a Markov model with
a lifetime horizon, RBX2660 was found to be cost effective
relative to SOC from a US third-party payer perspective,
with an incremental cost-effectiveness ratio of $US18,727
per quality-adjusted life-year gained [37]. In a budget impact
analysis, RBX2660 was demonstrated to be cost saving from
a US third-party payer perspective, with higher initial drug
costs being offset by savings in direct medical costs through
prevention of CDI recurrence [36].

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40267-023-01023-y.
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