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ABSTRACT

A recently published manuscript described
findings from a phase 2 open label study of the
microbiota-based live biotherapeutic product
RBX2660 in patients with two or more previous
recurrent Clostridioides difficile infection (rCDI)
episodes, and described long-term safety and
sustained treatment success through
24 months. As previous studies have typically
focused on short-term clinical outcomes, these
new data provide insight into the tolerability,
safety, and efficacy of RBX2660 over the long
term. When microbiota-based products were
first evaluated, the long-term efficacy and safety
were principal concerns of the United States
Food and Drug Administration. Microbiota-
based live biotherapeutic products (LBPs) rep-
resent an emerging approach to the

management of CDI and perhaps other gas-
trointestinal and medical conditions whose
pathogenesis is defined by microbial dysbiosis.
RBX2660 is a human-derived, broad consortium
microbiota-based LBP that consists of a popu-
lation of microbes obtained from healthy stool
donors and may reflect the symbiotic nature of
a healthy colonic microbiome. RBX2660 is rec-
tally administered and does not require seda-
tion or special preparation of the recipient.
Potential advantages of the rectal administra-
tion of RBX2660 include the ease of adminis-
tration and lack of need for any bowel
preparation, which may benefit those who are
frail, have swallowing issues, or cannot take
bowel laxative preparations. In this multicenter
prospective trial of rCDI, patients who achieved
treatment success 8 weeks after receiving
RBX2660 continued to have a sustained clinical
response over the course of long-term follow-
up, with more than 90% of treatment respon-
ders remaining CDI-free at 6, 12, and
24 months. Following receipt of RBX2660, the
gut microbiota of those with treatment success
were restored from a dysbiotic state to become
more diverse and similar to RBX2660 composi-
tion. The restoration of the microbiota occurred
as early as 7 days after RBX2660 administration
and remained stable through the 24-month
analysis. No new adverse outcomes were
observed during the prospective assessment,
and the safety profile of RBX2660 was consis-
tent with previous studies. Based on the clinical

Digital Features This article is published with digital
features, including a video abstract, to facilitate
understanding of the article. To view digital features for
this article go to https://doi.org/10.6084/m9.figshare.
21277107.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40121-022-00714-9.

R. Orenstein (&)
Division of Infectious Diseases, Mayo Clinic
Arizona, 5777 E. Mayo Blvd, Phoenix, AZ 85054,
USA
e-mail: orenstein.robert@mayo.edu

Infect Dis Ther (2023) 12:1–7

https://doi.org/10.1007/s40121-022-00714-9

http://orcid.org/0000-0001-5210-1258
https://doi.org/10.6084/m9.figshare.21277107
https://doi.org/10.6084/m9.figshare.21277107
https://doi.org/10.1007/s40121-022-00714-9
https://doi.org/10.1007/s40121-022-00714-9
https://doi.org/10.1007/s40121-022-00714-9
https://doi.org/10.1007/s40121-022-00714-9
http://crossmark.crossref.org/dialog/?doi=10.1007/s40121-022-00714-9&amp;domain=pdf
https://doi.org/10.1007/s40121-022-00714-9


studies, RBX2660 will most likely benefit those
with C 1 rCDI episode or those who are at a
high risk of subsequent rCDI, such as patients
who have comorbid conditions including renal
disease, heart disease, or inflammatory bowel
disease, or who are immunosuppressed.

Keywords: Clostridioides difficile; Clostridium
difficile; Fecal microbiota transplantation;
Recurrent C. difficile infection; Microbiota; Live
biotherapeutic products

Key Summary Points

Several microbiota-based live
biotherapeutic products (LBPs) have now
completed phase 2 and 3 clinical trials and
appear to offer a therapeutic advance for
the management of recurrent
Clostridioides difficile infection (rCDI). The
long-term outcomes of these therapies are
only now being described.

Data were recently published from a phase
2 safety and efficacy study of RBX2660, as
a treatment for patients with C 2 previous
rCDI episodes who had completed
standard-of-care antibiotic therapy, or
severe CDI requiring hospitalization.
RBX2660 was 79% successful in
preventing recurrence of CDI at 8 weeks.

More than 90% of patients treated with
RBX2660 who had treatment success at
8 weeks continued to be CDI-free at 6, 12,
and 24 months.

The gut microbiota in patients who had
treatment success were restored from
dysbiosis, became more diverse and more
similar to RBX2660 composition, and
reflected a healthier microbiome to that
observed prior to RBX2660
administration.

Based on the clinical trial data, LBPs will
most likely benefit those who have
had C 1 rCDI episode or those who are at
high risk of rCDI after an initial episode.

INTRODUCTION

A divergence from the normal microbiota
composition, generally referred to as dysbiosis,
has been associated with a range of gastroin-
testinal (GI) and non-GI diseases. Restoring the
gut microbiota to a more diverse, healthier, and
balanced composition, termed eubiosis, repre-
sents a novel therapeutic target to combat many
conditions known to be influenced by the
microbiome, such as infections caused by the
healthcare-associated pathogen Clostrid-
ioides difficile. Microbiota-based therapeutics are
an emerging therapy for preventing recurrence
of C. difficile infection (CDI) [1]. However, there
are few long-term safety or efficacy data for
these new therapies. It is important to deter-
mine whether these products maintain their
efficacy beyond the 8-week efficacy end point,
typically used by the Centers for Disease Con-
trol and Prevention and the United States Food
and Drug Administration (US FDA), to look for
recurrences [2].

A recently published manuscript described
findings from a phase 2 open label study of the
microbiota-based live biotherapeutic product
(LBP) RBX2660 in patients with C 2 previous
recurrent CDI (rCDI) episodes or C 2 episodes
of severe CDI requiring hospitalization, and was
among the first studies to document long-term
safety concomitant with sustained treatment
success through 24 months [3]. Studies of other
therapeutics for CDI have typically used the
8-week end point, though some have shown
effectiveness at week 12/90 days [4–6]. The
2-year follow-up in this study is important
because the safety and long-term impact on the
gut microbiome has not previously been
defined.

In an era of increasing microbial resistance, a
shift has occurred from the 1950s paradigm of
striking back at microbes with antimicrobial
agents, to recognition of the value of diverse
microbial communities to support health. Fecal
microbiota transplantation (FMT), defined as
the delivery of stool from a healthy donor to a
recipient with the goal of mitigating disease by
modifying the structure and/or function of the
gut microbiome, has been reconsidered as a
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treatment strategy for dysbiosis since it first
appeared in Western medicine in 1958 [7–9].
The development of LBPs stemmed from the
concept of FMT, and are defined by the US FDA
as a biological product containing live organ-
isms, such as bacteria, that are applicable to the
prevention, treatment, or cure of a disease [10].
The best example of this is the role that micro-
biota-based LBPs play in the reduction of rCDI
[11, 12]. The relationship between intestinal
microbial diversity in a healthy state, and dys-
biosis resulting in rCDI risk, has led to the
development of new therapeutic approaches
that include LBPs, which have demonstrated
efficacy in reducing future CDI recurrences
[13, 14].

EMERGING DATA

Much of the data on LBPs for rCDI have
demonstrated short-term treatment success at
8 weeks as required for clinical trials, but long-
term outcomes have been unknown. A patient
with rCDI wants to know that the therapy they
receive will not just alleviate their symptoms by
8 weeks but provide a long-term solution to the
problem of recurrence. It appears that the
greatest risk of recurrence occurs in the first
3 weeks after an episode of CDI, and that
restoration of microbial diversity is associated
with a continued CDI-free state. A recent study
provides some of that data. The long-term safety
and efficacy of RBX2660, a biologically sourced,
rectally-administered, broad consortium micro-
biota-based LBP as treatment in patients with
C 2 previous rCDI episodes who had completed
standard-of-care antibiotic therapy, or C 2 sev-
ere CDI episodes requiring hospitalization, were
recently published [3]. In this multicenter open
label phase 2 study using historical controls as a
comparison group, patients with rCDI who
received RBX2660 achieved 79% treatment
success at week 8 (absence of CDI diarrhea
without the need for retreatment for 8 weeks
after completing study treatment), compared
with 31% in a matched historical control group
(p\ 0.0001; chi-squared test), with a subse-
quent recurrence rate of *21%. This recurrence
rate was found to be substantially lower than

the 50–65% recurrence rate previously reported
in the literature for patients with at least one
prior rCDI episode [15–17]. Newer studies using
tailored, emerging rCDI therapies have shown
lower recurrence rates after a prior rCDI episode
of *20% [18–20].

Patients treated with RBX2660 who met the
primary efficacy end point of treatment success
at 8 weeks continued to demonstrate a sus-
tained clinical response, and were CDI-free in
97%, 95%, and 91% of treatment responders at
6, 12, and 24 months, respectively [3]. Patients
were to receive up to two doses of RBX2660, and
of the 149 treatment recipients, 143 received
two doses. A phase 3 trial of a single dose of
RBX2660 demonstrated efficacy of 70% at week
8 [21] Many studies investigating microbiota-
based LBPs utilize a relatively conservative fol-
low-up period, with few describing long-term
outcomes [22–24].

The primary efficacy results correlate well
with similar studies of other microbial thera-
peutics. In a phase 2 trial of SER-109, an oral
capsule formulation of Firmicutes spores, 44%
of those receiving the product achieved clinical
success at 8 weeks [25]. A later phase 3 trial of
SER-109, given as four capsules/day for 3 con-
secutive days, was 88% effective at 8 weeks [26].
In this trial, 75% of recurrences occurred within
2 weeks and 85% within 4 weeks of adminis-
tration. Microbiota restoration was also seen in
this trial as early as week 1 and persisted
through week 8, but longer-term data are not
yet available. A recent phase 2 trial of another
oral, full-spectrum microbiota product in cap-
sule formulation, CP101, ten capsules once,
demonstrated a 75% efficacy at week 8 [27].
Two phase 3 studies on the monoclonal anti-
body against C. difficile toxin B, bezlotoxumab,
demonstrated 12-week recurrence rates of
16–17% [28].

The greatest insight into microbiota-based
therapeutics comes from FMT trials. In a meta-
analysis of 13 randomized, controlled trials of
610 patients treated with FMT for rCDI, clinical
cure rates of 76% and 89% were reported after
single and multiple FMTs, respectively [29]. The
clinical cure rate in the pooled placebo groups
of the meta-analysis was 43% [29], which is
similar to that observed in many other

Infect Dis Ther (2022) :1–7 3



previously described trials of microbiota-based
therapeutics. The degree of heterogeneity
among study designs evaluating FMT is sub-
stantial, even in randomized controlled trials,
and include different routes of administration,
treatment formulations, and antibiotic pre-
treatment, all of which can potentially affect
the study outcome [30]. Moreover, the inter-
pretation of existing publications evaluating
FMT as a treatment option for CDI is con-
founded by the abundance of nonrandomized
trials, most of which fail to clearly describe their
methodology, and hence may be subject to bias
[31].

In the recently published RBX2660 phase 2
trial, the lack of rCDI was supported by the gut
microbiome analysis in those patients who
received RBX2660 [3]. Following receipt of
RBX2660, the gut microbiota in patients who
had treatment success were restored from dys-
biosis, became more diverse and more similar to
RBX2660 composition, and reflected a healthier
microbiome from what was seen prior to
RBX2660 administration. These microbiome
profiles were consistently similar to the profile
of RBX2660 from 7 days after receiving the LBP
and remained stable through 24 months. Simi-
lar results were seen in a small randomized
study of FMT in patients with C 1 rCDI, in
which the gut microbiome became significantly
more diverse after FMT and were statistically
indistinguishable from the diversity of the
donor gut microbiome [32].

RBX2660 is a biologically sourced, rectally
administered, broad consortium microbiota-
based LBP that consists of a population of
microbes obtained from healthy donors and
may reflect the symbiotic nature of the healthy
microbiome. RBX2660 undergoes comprehen-
sive pathogen testing, is collected from rigor-
ously screened, healthy donors, and processed
to a stable, cryopreserved liquid suspension
of[ 107 live organisms/ml. In contrast to
unregulated FMT, the efficacy and safety of
RBX2660 has been evaluated in double-blind,
randomized, placebo-controlled phase 2b and
phase 3 trials. To date, more than 700 patients
have received at least one dose of RBX2660.

The gut microbiota profiles of the few
patients who did not have treatment success,

i.e., those who had a recurrence during the
study, remained largely dysbiotic despite
receiving RBX2660. Nonresponders showed less
reduction of Gammaproteobacteria and Bacilli
and restoration of Clostridia and Bacteroidia
after treatment. The cause of these treatment
failures may be due to a profound loss of
diversity prior to treatment, host immune fac-
tors, or possibly slow transit and residual
antibiotic effect from prior therapy. As real-time
microbiome analysis is not yet routinely per-
formed, we do not have a marker to determine
the likelihood of success at the point of care, but
this may be accessible in the future.

The safety profile of RBX2660 was consistent
with its previous studies, showing that most
adverse events were mild or moderate in sever-
ity and GI in nature, such as local irritation or
bloating [33, 34]. Overall, 123/149 patients
reported a treatment-emergent adverse event
(TEAE), with 84% of those TEAEs being mild to
moderate in severity. Two participants reported
serious adverse events assessed as possibly rela-
ted to RBX2660, however, these events were
also deemed related to pre-existing conditions
and CDI.

Who could be considered for this therapy?
Based on the clinical trials data, microbiota-

based LBPs could be considered for patients who
have had C 1 rCDI episode or those who are at a
high risk of rCDI after an initial episode, such as
patients who have comorbid conditions
including renal disease, heart disease, or
inflammatory bowel disease, or who are
immunosuppressed. Future microbiome ana-
lytics might help predict who would benefit
from microbiota-based LBPs prior to giving
prolonged therapies with antimicrobials.

A potential advantage of RBX2660 is that it
does not require bowel preparation prior to
administration, which may benefit those who
have a contraindication or intolerance to such
procedures, especially in the setting of recent
acute CDI. Additionally, RBX2660 is a rectally
administered microbiota suspension that is not
limited by swallowing issues, drug–drug inter-
actions, emesis or aspiration concerns, a fasting
window before or after administration, and does
not require sedation as would be needed with
colonoscopic administration, which can be
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riskier in older adults. Rectal administration is
not as messy and unpleasant as an enema, and
there is no concern over treatment retention.
One possible limitation of rectal administration
is that RBX2660 must be administered by a
healthcare provider in the inpatient/outpatient
setting.

FMT has been included in clinical practice
guidelines for CDI since 2011, but its accessi-
bility has been a major challenge [11]. Current
guidelines from the Infectious Diseases Society
of America (IDSA) and Society for Healthcare
Epidemiology of America (SHEA) suggest FMT as
a treatment option for the second or subsequent
recurrence of CDI [35]. European Society of
Clinical Microbiology and Infectious Diseases
clinical guidelines suggest FMT as a treatment
option for multiple rCDI and severe/compli-
cated refractory CDI [36].

For patients to realize the treatment benefit
of microbiota-based LBPs and the healthcare
system to lessen its burden of CDI, new thera-
pies will need to become more accessible. Real-
world claims analyses of adults in the USA with
CDI demonstrate rates of FMT of approximately
0.7–1.1% in all patients, with a greater propor-
tion of patients with rCDI having FMT (up to
10% of patients with C 3 rCDI episodes)
[17, 37]. FMT uptake for rCDI did increase under
the US FDA Enforcement Discretion Policy
when samples were available from stool banks
[37, 38].

CONCLUSION

Microbiota-based LBPs represent a novel
approach to the management of GI and other
medical conditions whose pathogenesis is
defined by microbial dysbiosis. The potential
application of LBPs could expand over time to
include preventive approaches in high-risk
patients who require antimicrobials. If LBPs
continue to demonstrate consistently high rates
of clinical efficacy and long-term safety, they
may be considered a reasonable treatment
option earlier in the course of CDI for patients
at risk of antimicrobial failure.
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