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Background. Recurrence of Clostridioides difficile infection (rCDI) is common, prolonging disease morbidity and leading to
poor quality of life. We evaluated disease-specific health-related quality of life (HRQL) in patients with rCDI treated with fecal
microbiota, live-jslm (REBYOTA [RBL]; Rebiotix) versus placebo.

Methods. This was a secondary analysis of a randomized, double-blind, placebo-controlled phase 3 study (PUNCH CD3). The
disease-specific Clostridioides difficile Quality of Life Survey (Cdiff32) was administered at baseline and at weeks 1, 4, and 8. Changes
in Cdift32 total and domain (physical, mental, social) scores from baseline to week 8 were compared between RBL and placebo and
for responders and nonresponders.

Results.  Findings were analyzed in a total of 185 patients (RBL, n = 128 [69.2%]; placebo, n = 57 [30.8%]) with available Cdiff32
data. Patients from both arms showed significant improvements in Cdiff32 scores relative to baseline across all outcomes and at all
time points (all P <.001); RBL-treated patients showed significantly greater improvements in mental domain than those receiving
placebo. In adjusted analyses, RBL-treated patients showed greater improvements than placebo in total score and physical and
mental domains (all P <.05). Similar improvement in mental domain was observed among responders, while nonresponders

showed numerical improvements with RBL but not placebo.

Conclusions. In a phase 3 double-blinded clinical trial, RBL-treated patients reported more substantial and sustained disease-

specific HRQL improvements than placebo-treated patients.

Clinical Trials Registration. ClinicalTrials.gov NCT03244644 (https:/clinicaltrials.gov/ct2/show/NCT03244644).
Keywords. fecal microbiota; health-related quality of life; live-jslm; randomized clinical trial; Clostridioides difficile infection.

Clostridioides difficile infection (CDI) is a bacterial infection as-
sociated with >20 000 deaths per year and >$1 billion attribut-
able healthcare cost annually in the United States [1, 2]. CDI
causes symptoms ranging from diarrhea and abdominal
cramping to life-threatening colitis and sepsis [3]. Despite
treatment of primary CDI with standard-of-care antibiotics, re-
current CDI (rCDI) is common, and a history of recurrence is
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associated with up to 65% risk of future episodes [4-9]. rCDI
increases morbidity and mortality rates [10, 11] and also sub-
stantially impairs patients’ health-related quality of life
(HRQL) [12-14]. Patients with rCDI report greater disruptions
to their daily life and work activities than those with a single ep-
isode and experience substantial psychological burdens due to
anxiety and fear of future recurrences [14].

Fecal microbiota, live-jsilm (REBYOTA) [RBL]; Rebiotix) isa
live biotherapeutic product that restores the gut microbiome
diversity and counters antibiotic-induced dysbiosis. Clinical
trials have shown that RBL, following a standard of care antimi-
crobial, significantly reduced the rate of rCDI compared with
placebo. RBL exhibited long-term efficacy and safety, with
92% of responders remaining CDI-free for up to 24 months
[15-19]. The Clostridioides difficile Quality of Life Survey
(Cdiff32) is a disease-specific instrument designed to identify
quality of life impacts related to rCDI. Domains of the
Cdiff32 include physical, mental, and social changes associated
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with rCDI. The objective of the current study was to analyze the
Cdiff32 HRQL data collected in the PUNCH CD3 trial and to
compare the HRQL in adults with rCDI between patients ran-
domized to RBL and those randomized to placebo through 8
weeks after dosing [20].

METHODS

Data Source

PUNCH CD3 (NCT03244644) was a randomized, double-
blinded, placebo-controlled phase 3 clinical trial evaluating
the safety and efficacy of RBL versus placebo [21, 22]. The trial
included adult patients (aged >18 years) with documented
rCDI (ie, patients with >1 recurrence of CDI after a primary
CDI episode, who had completed >1 round of standard-of-care
oral antibiotic therapy or had >2 episodes of hospitalization
due to severe CDI within the last year) who were taking or
just prescribed antibiotics to control CDI-related diarrhea at
the time of enrollment. Patients were randomized 2:1 to receive
either 1 dose of RBL (active agent) or normal saline solution
(placebo) and followed up for 8 weeks. A detailed description
of the trial design is available from Khanna et al [22]. The trial
was conducted in the United States and Canada according to
the ethical principles of the Declaration of Helsinki, the Good
Clinical Practice Guidelines, principles of informed consent,
and requirements of publicly registered clinical trials.

We analyzed the as-observed data of the modified
intention-to-treat (mITT) population of PUNCH CD3. The
mITT population included all patients who successfully re-
ceived blinded treatment but excluded those who withdrew be-
fore treatment, for whom treatment was attempted but not
completed, or who discontinued before evaluation of treatment
failure or success at week 8 if the reason for dropout was unre-
lated to CDL

At week 8, patients who had no recurrence of CDI were cat-
egorized as responders, and those who had recurrence were cat-
egorized as nonresponders. At the investigator’s discretion,
patients who experienced a recurrence could have the option
to receive a dose of open-label RBL, regardless of the initial
treatment assignment. These patients who received another
dose of RBL before week 8 were not included in the current
analyses as the HRQL measure after receiving the second
dose would not be reflective of the effect of the originally as-
signed treatment.

Patient Consent Statement

All aspects of this study were in accordance with the ethical
standards of the institutional and/or national research commit-
tee and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. The protocol received
institutional review board approval before its use and was con-
ducted under a Food and Drug Administration Investigational

New Drug application. All patients signed a written informed
consent.

HRQL Instrument

HRQL was measured using the 32-item Cdiff32, a validated,
disease-specific survey that quantifies changes in the HRQL us-
ing a total and 3 domain scores (physical, mental, and social)
[20, 23]. Cdiff32 comprises 32 self-administered items about
the impact of CDI in physical, mental, and social domains
with 5-point Likert scale responses, typically ranging from
strong disagreement to strong agreement about whether a
CDI-specific concern affected the respondent in the past 7
days. The total and domain scores of Cdiff32 ranged from 0
(worst score) to 100 (best score) after aggregating and rescaling
of items. The Cdiff32 was administered at baseline and at weeks
1, 4, and 8 during the double-blinded trial period.

Statistical Analyses

Analyses were restricted to patients in the mITT population
who had Cdiff32 scores available at both baseline and week
8. Baseline patient demographics, disease characteristics, and
Cdiff32 scores were summarized by treatment arm, using
means and standard deviations (SDs) for continuous variables
and counts and percentages for categorical variables. Total and
domain Cdiff32 scores were summarized by treatment arm at
weeks 1, 4, and 8 among patients with recorded Cdiff32 scores
at baseline and the corresponding follow-up visit (week 1, 4 or
8, respectively) using mean and SD; mean scores were plotted
by treatment arm over the 8-week treatment period.

Absolute scores at week 8 were compared with baseline
scores using Wilcoxon rank sum tests by treatment arm and
change from baseline to each week was calculated and com-
pared between RBL and placebo at week 8 using Wilcoxon
signed rank tests by treatment arm. Multivariable linear regres-
sions were conducted for each Cdiff32 week 8 score with treat-
ment group (placebo vs RBL) as the exposure variable of
interest while controlling for the corresponding baseline
Cdiff32 score and possible confounders of the treatment effect
at baseline including sex (male vs female), age (in years), num-
ber of prior CDI episodes, prior treatment with fidaxomicin,
prior proton pump inhibitor use, and indicators of common
comorbid conditions (ie, metabolism and nutrition disorders,
surgical and medical procedures, infections and infestations,
gastrointestinal disorders, and psychiatric disorders).

Absolute scores at baseline and week 8 were summarized
separately for responders and nonresponders by treatment
arm and compared by means of Wilcoxon rank sum tests with-
in each arm. Adjusted linear regressions of week 8 scores were
conducted among responders, analogous to the adjusted re-
gressions among all patients. All statistical analyses were per-
formed using R 3.6.3 software (R Foundation for Statistical
Computing).
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Figure 1. CONSORT diagram. Abbreviations: Cdiff32, Clostridioides difficile Health-related Quality-of-Life Survey; mITT modified intention-to-treat; RBL, fecal microbiota,

live-jsim (REBYOTA; Rebiotix).

Table 1. Patient Characteristics at Baseline

Patients, No. (%)?

Placebo RBL
Arm Arm

Characteristic (n=57) (n=128)
Demographic characteristics

Age, mean (SD), y 57.0(16.4) 60.8(16.7)

Age <65y 38 (66.7) 67 (52.3)

Female sex 41 (71.9) 87 (68.0)

White race 50 (87.7) 119 (93.0)

Hispanic or Latino ethnicity 2 (3.5) 2(1.6)
Disease characteristics

No. of CDI episodes before blinded treatment, 3.0(1.1) 3.2(1.1)

mean (SD)

Prior hospitalization due to CDI 9(15.8) 16 (12.5)
Antibiotics used at baseline

Vancomycin 52 (91.2) 113 (88.3)

Fidaxomicin 4 (7.0) 10 (7.8)

Other 1(1.8) 5(3.9)
Proton pump inhibitor use 14 (24.6) 23 (18.0)
Comorbid conditions

Surgical and medical procedures 29 (50.9) 83 (64.8)

Infections and infestations 35 (61.4) 76 (569.4)

Gastrointestinal disorders 31 (54.4) 69 (563.9)

Psychiatric disorders 28 (49.1) 69 (53.9)

Metabolic and nutrition disorders 27 (47.4) 67 (52.3)

Abbreviations: CDI, Clostridioides difficile infection; RBL, fecal microbiota, live-jsim
(REBYOTA,; Rebiotix); SD, standard deviation.

“Data represent no. (%) of patients unless otherwise specified. Patients include those from
the modified intention-to-treat population with baseline and week 8 Clostridioides difficile
health-related quality-of-life survey results. There were no significant differences
between treatment arms.

RESULTS

Baseline Patient Characteristics

A total of 185 of 262 patients in the mITT population had both
baseline and week 8 Cdiff32 scores and were included in this
post hoc analysis, with 128 in the RBL arm (72.3% of the
mITT RBL-treated patients) and 57 in the placebo arm

(67.1% of the mITT placebo-treated patients). Seventy-seven
patients were excluded, the majority (n = 65) owing to receipt
of open-label RBL (41 in the RBL and 24 in the placebo arm)
(Figure 1). Baseline demographics and disease characteristics
across treatment arms are summarized in Table 1. Most pa-
tients were female (68.0% for RBL and 71.9% for placebo
arm) and white (93.0% and 87.7%, respectively). The mean
age (SD) was 60.8 (16.7) years for RBL and 57.0 (16.4) years
for placebo. The mean numbers of prior CDI episodes were
3.2 and 3.0 for RBL and placebo, respectively, and 88.3% and
91.2% of patients received vancomycin as their standard of
care antimicrobial before RBL and placebo, respectively.
Given the trial design, the majority of patients who remained
double-blind at week 8 were responders. At week 8, 178 of
the 185 patients were responders (125 [97.7%] in the RBL
and 53 [93.0%] in the placebo arm), and 7 patients were nonre-
sponders (3 [2.3%] and 4 [7%], respectively). Responders were
younger (average age, 59.3 vs 66.4 years for responders and
nonresponders, respectively), and a smaller proportion were fe-
male (68.5% vs 85.7%, respectively).

CDI-Related HROL Changes From Baseline by RBL Versus Placebo
At baseline, Cdiff32 total scores (mean [SD]) were similar be-
tween RBL (44.2 [17.5]) and placebo (43.6 [21.3]). Cdiff32 total
scores increased significantly from baseline to weeks 1, 4, and 8
in both arms (all P <.001) (Table 2 and Figure 2A). The mean
(SD) change from baseline to week 8 was 6.0 (3.4) points higher
for RBL (31.6 [21.4]) than for placebo (25.6 [21.4]) (P=.12).
Adjusted multivariable analyses found a statistically significant
difference of 7.2 (95% confidence interval, 1.2-13.2; P < .05) in
favor of RBL compared with placebo at week 8 (Table 3).
Baseline mean values were similar for the physical, mental,
and social domain scores between RBL and placebo groups
(Table 2). Improvement from baseline was noted in week 1
and continued for weeks 4 and 8 for each domain (Table 2
and Figure 2B-2D). Adjusted multivariable analyses showed
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Table 2. Descriptive Summary of Clostridioides difficile Health-Related Quality-of-Life Survey Scores at Baseline and Weeks 1, 4, and 8

Cdiff32 Score, Mean (SD)?

Baseline wk 1 wk 4 wk 8
Cdiff32 Placebo RBL Placebo RBL Placebo RBL Placebo RBL Difference in Change From
Domain (n=57) (n=128) (n=76) (n=168) (n=61) (n=135) (n=57) (n=128) Baseline to wk 8
Total 43.6(21.3) 44.2(17.5) 57.6(21.3) 61.6(18.3) 68.0(22.4) 71.7(18.7) 69.2(24.0) 75.8(18.1) 6.0 (3.4) (P=.12)
Physical 50.8(23.5) 53.2(21.3) 68.2(22.5) 73.3(184) 74.6(23.7) 81.0(17.2) 78.0(23.00 84.4(16.7) 4.1 (3.8) (P=.30)
Mental 34.5(21.5) 33.0(16.9) 46.0(23.1) 48.8(21.6) 59.0(24.4) 61.5(22.7) 59.4(27.3) 66.3(21.8) 8.5 (3.7) (P<.05)
Social 50.1(26.8) 53.6(23.4) 61.4(26.2) 66.1(23.2) 71.7(27.6) 755(22.3) 73.0(28.0) 80.1(21.1) 3.6 (4.4) (P=.51)

Abbreviations: Cdiff32, Clostridioides difficile Health-related Quality-of-Life Survey; RBL, fecal microbiota, live-jsim (REBYOTA; Rebiotix).

“The sample size at baseline was restricted to patients who also had data at week 8. The sample size at week 1 was restricted to patients with both baseline and week 1 data, and the sample

size at week 4 to patients with both baseline and week 4 data.

significantly improved domain scores for RBL for the physical
(6.6 [95% confidence interval, .8—-12.3]) and mental (8.3 [1.4-15.3])
domains compared with placebo at week 8 (both P <.05;
Table 3).

CDI-Related HROL in Responders and Nonresponders

Among responders, the Cdiff32 total score and the 3 domain
scores showed statistically significant improvements at week
8 compared with their baseline scores in both treatment arms
(Table 4). The multivariable analysis revealed significantly larg-
er improvements from baseline to week 8 in the mental domain
score for RBL-treated compared with placebo-treated patients
(7.4 [.3-14.4] (mean [95% CI]); P < .05); the adjusted analyses
for the total score and other domain scores also found numer-
ically but not significantly larger improvements for RBL than
for placebo.

Among the small number of nonresponders, numerical im-
provements from baseline to week 8 were observed for
RBL-treated patients across all 4 Cdiff32 scores (Table 4).
Although nonresponders comprised only a small number of
patients (n=7), all RBL-treated nonresponders had double-
digit improvements in Cdiff32 scores (with changes [increases]
in scores ranging from 13.1 to 25.0), while the placebo-treated
nonresponders had lower Cdiff32 scores (with changes ranging
from —4.9 to 4.7).

DISCUSSION

Patient-reported outcomes are important, independent clinical
trial end points that provide a multidimensional view on the ben-
efits of a particular treatment on patients’ overall health that can
inform clinical and regulatory decisions [24]. HRQL is particu-
larly relevant for CDI given its negative impact on patients’ phys-
ical and psychological well-being [6, 12, 25-29]. The efficacy of
RBL for the prevention of rCDI has been proved in clinical trials
[19, 23]. In this analysis of the phase 3, PUNCH CD3 clinical tri-
al, patients with rCDI had a greater improvement in CDI-related
quality of life when given RBL compared with placebo over the

8-week double-blind period. Improvements in HRQL were
also observed in patients treated with another microbiome ther-
apeutic during an 8-week trial period [30]. These data indicate
that a microbiota-based live biotherapeutic treatment can not
only improve the clinical benefit of reduced recurrence but can
also improve HRQL, an important outcome for patients, clini-
cians, and regulatory agencies.

A positive and interesting finding from this study is that the
improved HRQL with RBL versus placebo occurred despite the
fact that most persons with further CDI episodes were excluded
from this analysis owing to lack of data on Cdiff32. Inclusion
criteria for this analysis required patients to remain blinded
and complete baseline and week 8 Cdiff32 surveys. In the
PUNCH CD3 trial, patients experiencing further CDI episodes
were given the opportunity to receive an open-label dose of
RBL at the investigator’s discretion; this resulted in very few
nonresponders in our analysis. Nevertheless, HRQL benefit
with RBL was still observed, suggesting that greater HRQL ben-
efits may be observed in real-world studies with RBL including
both responders and nonresponders, although this hypothesis
will need to be tested. These data suggest that the improved
HRQL may be multicausal and that RBL may provide benefits
beyond reduced CDI recurrence. CDI is precipitated by a
disrupted microbiome associated with increased neurotrans-
mitters, which play a role in anxiety and depression (eg, seroto-
nin or gamma aminobutyric acid) [31, 32]. For example, mice
without gut microbiota exhibit increased anxiety-related be-
havior on exposure to stressors [33]. Ingestion of live microbio-
ta regulated emotional behavior and changed GABA receptor
activity in a mouse [34]. How RBL modulates these neurotrans-
mitters and provides improved HRQL will require further
research.

The current study is among the first to analyze HRQL in pa-
tients with rCDI treated with RBL, a novel broad-spectrum mi-
crobiota restoration therapy. We used the Cdiff32, a CDI-specific
survey originally developed using the SF-36 Health Survey as a
comparator and validated in a separate study [23], which allowed
us to capture patients’ HRQL with a comprehensive assessment

4 « OFID « Garey et al

€202 Joquieidag g| uo Jesn sinoT 1S Ul Aisiealun uolbulysepn Aq 9€z/2Z.2/S8EPBIO/S/0 L/3I01HE/PlI0/Wo dNo ojWwapeoe//:sdiy Wolj papeojumoqg



A B
Total score Physical domain score
90 90 810 84.4 o
%0 718 2l 50 735 74.6 :
70 680 69.2 70 682
61.7 576
: 551
g . g 80 515
45.
é 50 4.1 é 50
= 40 5 40
< <
30 30
20 20
10 10
0 0
Baseline Week 1 Week 4 Week 8 Baseline Week 1 Week 4 Week 8
mRBL  ®Placebo ERBL ®Placebo
Mental domain score Sacial domain score
90 90
80.2
%Y 80 ST 73.0
70 664 70 66.1
0 615 59 594 614
60
H 488 H =7 a0
2 50 46.0 2 s0
(=) (=]
E 40 339 34.8 E a0
= =
~ 30 ~ 30
20 20
10 10
0 0
Baseline Week 1 Week 4 Week 8 Baseline Week | Week 4 Week 8
ERBL mPlacebo =RBL =Placebo

Figure 2. Unadjusted Clostridioides difficile Health-related Quality-of-Life Survey (Cdiff32) scores (range, 0—100) during the blinded treatment period, stratified by treat-
ment (modified intention-to-treat population, as-observed data) among all patients. A, Total score. B-0, Domain scores. The numbers of patients at baseline and at weeks 1,
4, and 8, were 176, 169, 136, and 129, respectively, for the RBL (fecal microbiota, live-jsim [REBYOTA; Rebiotix]) arm and 85, 76, 61, and 57 for the placebo arm.

Table3. Multivariable Adjusted Analyses for Week 8 Comparing RBL and
Placebo Treatment”

Difference in Cdiff32 Score, Point Estimate®

Cdiff32 Domain (95% CI) (=185 P Value
Total 7.2 (1.2-13.2) <.05
Physical 6.6 (.8-12.3) <.05
Mental 8.3 (1.4-15.3) <.05
Social 6.5 (-.6t0 13.6) .08

Abbreviations: Cdiff32, Clostridioides difficile Health-related Quality-of-Life Survey; Cl,
confidence interval; RBL, fecal microbiota, live-jsim (REBYOTA; Rebiotix).

#The analyses included the following baseline covariates: respective baseline Cdiff32 score,
treatment group, sex, age (in years), number of C difficile episodes before treatment,
treatment with fidaxomicin, proton pump inhibitor use, metabolism and nutrition
disorders, surgical and medical procedures, infections and infestations, gastrointestinal
disorders, and psychiatric disorders.

The point estimates represent improvement in Cdiff32 total or domain score in patients
given RBL versus placebo.

°Sample sizes for the as-observed analysis differed across domain scores according to data
availability.

of their quality of life. With other clinical trials noting positive
benefits of using the Cdiff32 in clinical trials [30, 35], we propose
that the Cdiff32 become a standard HRQL measurement survey
in CDI clinical trials where appropriate.

Strengths and Limitations

This was a secondary analysis from a large, phase 3, double-
blind, randomized clinical trial. We used the subset of patients
from the mITT population who completed the Cdiff32 survey
at baseline and at week 8. We did lose considerable sample
size owing to the open-label treatment option for nonrespond-
ers; however, this provided us with a novel finding related to
HRQL improvement among responders. Although the subanal-
ysis of nonresponders provided interesting results, further re-
search is warranted given the very small sample size in this
group. We did not consider a missing data imputation approach
(eg, last observation carried forward) so as to keep the data re-
ported directly by patients intact, particularly given the propor-
tion of patients without such data at week 8. Patients included in
this study exhibited demographic characteristics (age, sex, and
ethnicity) comparable to those in the overall mITT trial popula-
tion. Although we studied patients up to 8 weeks after dosing, the
durability of these changes beyond this time period will require
further evaluation. Finally, because patients enrolled in clinical
trials may differ from those in practice, the generalizability of
the study results may be limited.
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Table 4.

Clostridioides difficile Health-Related Quality-of-Life Survey Component Scores at Baseline and Week 8 by Treatment Arm and Response Status

RBL Arm Placebo Arm
Cdiff32 Score, Mean (SD) Cdiff32 Score, Mean (SD)
Cdiff32
Domain Baseline wk 8 Change PValue Baseline wk 8 Change P Value
Responders (n=178)*
Total 43.7 (17.4) 75.8 (18.3) 32.1(21.4) <.001* 42.4 (20.3) 70.1(23.2) 27.7 (19.8) <.001®
Physical 52.6 (21.1) 84.2 (16.9) 31.7 (22.8) <.001* 49.9 (22.7) 79.2 (21.6) 29.3(23.2) <.001®
Mental 32.7 (16.8) 66.4 (22.0) 33.7 (24.1) <.001* 33.0 (20.5) 60.1 (27.0) 27.0 (21.4) <.001®
Social 53.5 (23.6) 80.2 (21.3) 26.6 (27.9) <.001* 49.3 (26.5) 73.6 (27.8) 24.3 (27.3) <.001®
Nonresponders (n=7)?
Total 61.5(16.7) 76.3 (5.9) 14.8 (16.4) 42 59.0 (31.0) 57.2 (35.0) —1.8(25.6) .85
Physical 78.0 (14.9) 91.1 (4.7) 13.1 (19.3) 42 62.5 (35.3) 62.1(37.8) —-0.5(30.8) .86
Mental 47.0 (19.6) 60.7 (15.6) 13.7 (16.2) 18 54.9 (27.7) 50.0 (33.2) -4.9 (23.3) .85
Social 54.2 (15.7) 79.2 (3.6) 25.0 (16.5) 18 60.9 (33.2) 65.6 (34.8) 4.7 (22.5) >.99

Abbreviations: Cdiff32, Clostridioides difficile Health-related Quality-of-Life Survey; RBL, fecal microbiota, live-jsim (REBYOTA, Rebiotix); SD, standard deviation.
@At week 8, 178 patients were classified as responders (125 [97.7 %] in the RBL and 53 [93.0%] in the placebo arm), and 7 were classified as nonresponders (3 [2.3%] in the RBL and 4 [7%]

in the placebo arm).
5Significant at P<.05.

In conclusion, in this secondary analysis of a randomized
clinical trial (PUNCH CD3), treatment with RBL, compared
with placebo, was associated with more sustained and pro-
found improvements in overall HRQL—specifically, in phys-
ical and mental health status. Our findings indicated that live
biotherapeutic products such as RBL can positively affect
patients’ HRQL, providing comprehensive benefit in the
treatment of rCDIL.
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