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ABSTRACT

Introduction: Recurrent Clostridioides difficile
infection (rCDI) often occurs after standard-
of-care antibiotics. VOWST oral spores (VOS,
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previously SER-109), an FDA-approved orally
administered microbiome therapeutic, is indi-
cated to prevent rCDI following antibiotics for
rCDL

Objective, Design, and Patients: To evalu-
ate safety and efficacy of VOS from two
phase 3 trials, (randomized, placebo-controlled
[ECOSPOR III: NCT03183128] and open-label,
single arm [ECOSPOR IV: NCT03183141]) of 349
adults with rCDI and prevalent comorbidities.
Methods: VOS or placebo [ECOSPOR III only]
(4 capsules once daily for 3 days). Integrated
analysis of treatment-emergent adverse events
(TEAESs) collected through week 8; serious TEAEs
and TEAEs of special interest collected through
week 24; and rates of rCDI (toxin-positive diar-
rhea requiring treatment) evaluated through
weeks 8 and 24.

Results: TEAEs were mostly mild or mod-
erate and gastrointestinal. Most common
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treatment-related TEAEs were flatulence,
abdominal pain and distension, fatigue, and
diarrhea. There were 11 deaths (3.2%) and
48 patients (13.8%) with serious TEAEs, none
treatment-related. The rCDI rate through week 8
was 9.5% (95% CI 6.6-13.0) and remained low
through 24 weeks (15.2%; 95% CI 11.6-19.4).
Safety and rCDI rates were consistent across
subgroups including age, renal impairment/
tailure, diabetes, and immunocompromise/
immunosuppression.

Conclusions: VOS was well tolerated and rates
of 1CDI remained low through week 24 including
in those with comorbidities. These data support
the potential benefit of VOS following antibiotics
to prevent recurrence in high-risk patients.
Trial Registration: ClinicalTrials.gov identifier,
NCT03183128 and NCT03183141.

Keywords: Clostridioides  difficile infection;
Recurrent C. difficile infection; Microbiome;
Microbiome therapeutics

M. Sims

Departments of Internal Medicine and Foundational
Medical Studies, Oakland University William
Beaumont School of Medicine, Rochester, MI, USA

M. Silverman
Western University, London, ON, Canada

T. J. Louie
Cumming School of Medicine, University
of Calgary, Calgary, AB, Canada

P. Feuerstadt
Division of Digestive Disease, Yale University School
of Medicine, New Haven, CT, USA

P. Feuerstadt
PACT-Gastroenterology Center, Hamden, CT, USA

E. S. Huang
Department of Gastroenterology, Palo Alto Medical
Foundation, Sutter Health, Mountain View, CA, USA

S. Khanna - D. S. Pardi
Division of Gastroenterology and Hepatology, Mayo
Clinic, Rochester, MN, USA

C. S. Berenson
University at Buffalo, VA Western New York
Healthcare System, Buffalo, NY, USA

E. E. L. Wang - A. De - A. Memisoglu - D. A. Lombardi -
B. R. Hasson (X)) - B. H. McGovern - L. von Moltke
Seres Therapeutics, 200 Sidney Street, Cambridge,

Why carry out the study?

VOWST oral spores (VOS, previously SER-
109) is an FDA-approved orally administered
microbiome therapeutic indicated to prevent
Clostridioides difficile infection (CDI) following
antibiotics for recurrent CDI.

In this integrated analysis of two phase 3
studies in adults with recurrent CDI and
prevalent comorbidities, VOS was well toler-
ated.

What was learned from the study?

Most treatment-emergent adverse events
were mild or moderate and gastrointestinal
in nature.

Rates of recurrent CDI were low through
24 weeks after treatment.
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INTRODUCTION

Clostridioides difficile infection (CDI) is associ-
ated with severe, debilitating diarrhea, poor
quality of life, and significant morbidity and
mortality. The main risk factor for CDI is prior
broad-spectrum antibiotic exposure [1]. Antibi-
otics can be life-saving, but also kill beneficial
bacteria in the gastrointestinal microbiome that
play a key role in host defense against C. diffi-
cile [2, 3]. In particular, depletion of Firmicutes
facilitates metabolic alterations that support
tavorable conditions for C. difficile spore ger-
mination, vegetative bacterial replication, and
toxin production, leading to acute CDI [2, 4].
Approximately 75-80% of patients with pri-
mary CDI respond to standard-of-care antibi-
otics (e.g., vancomycin, fidaxomicin) owing to
efficient killing of the toxin-producing bacteria
[5]. However, antibiotics do not directly affect
the metabolically inactive C. difficile spores that
serve as a reservoir for recurrent infection and
symptomatic disease [2, 6]. In addition, antibi-
otics used to treat CDI maintain or exacerbate
the disrupted microbiome, supporting the two-
phase life cycle of C. difficile, and increasing
the risk for future recurrences due to antibiotic
impairment of microbiome resilience [2, 7]. In
fact, the strongest predictor of rCDI is a prior
CDI episode [8]. Paradoxically, the standard-of-
care for recurrent CDI (rCDI) is more antibiotics,
leading to a vicious cycle of recurrence [9] and
placing a heavy burden on patients and greatly
diminishing quality of life [10]. Thus, rCDI is
a quintessential example of disease caused by
microbiome disruption, signaling the need for
a two-pronged treatment approach (antibiotics
followed by microbiome restoration).

Other risk factors for rCDI include
age> 65 years and comorbidities (e.g., immuno-
suppression, malignancy, renal insufficiency)
[11-16]. Unfortunately, many clinical trials
exclude patients with comorbidities. Fecal
microbiota spores, live or VOWST™ (formerly
SER-109 and hereafter referred to as VOS for
VOWST™ oral spores), is an orally administered
microbiome-based live biotherapeutic product
(LBP) predominantly comprising Firmicutes bac-
terial spores. LBPs are a therapeutic class defined

as non-vaccine products containing live organ-
isms intended for the treatment or prevention
of disease. VOS was developed to restore the
composition and function of the gastrointes-
tinal microbiome in patients with a history of
rCDI based on their modulatory role in the life
cycle of C. difficile and disease pathogenesis and
is approved by the US Food and Drug Admin-
istration (FDA) to prevent recurrence of CDI
in adults following antibacterial treatment for
rCDI.

In the ECOSPOR III trial, CDI recurrence at
week 8, the primary endpoint, was significantly
lower in VOS-treated vs. placebo-treated patients
(12% vs. 40%, respectively; relative risk, 0.32;
95% CI 0.18-0.58) and VOS was well toler-
ated [17]. In the open-label, single-arm trial,
ECOSPOR 1V, VOS was well tolerated and the
rCDI rate was 8.7% (95% CI 5.6%-12.8%) [18].
The CDI recurrence rate through 24 weeks was
21% in ECOSPOR III and 14% in ECOSPOR IV
[18, 19]. We report integrated safety and efficacy
data for VOS in a broad patient population at
increased risk of rCDI through week 24 from
both studies.

METHODS

An overview of the studies is presented in Fig. 1.
ECOSPOR III was a double-blind, randomized,
placebo-controlled trial conducted at 56 US
and Canadian sites from July 2017 to Septem-
ber 2020. A total of 182 adults with 22 CDI
recurrences, confirmed via toxin EIA, were ran-
domized 1:1 to VOS or placebo. Patients were
stratified by age (<65; 2635 years) and antibiotic
regimen (vancomycin, fidaxomicin).

ECOSPOR 1V was an open-label, single-arm
study conducted at 72 US and Canadian sites
from October 2017 to April 2022. ECOSPOR 1V
included 263 patients with rCDI enrolled in two
cohorts: (1) rollover patients from ECOSPOR III
with on-study recurrence diagnosed by toxin
EIA (N=29); and (2) de novo patients with >1
CDI recurrence (diagnosed by PCR or toxin EIA),
inclusive of the current episode (N=234).

In both studies, VOS or placebo was admin-
istered orally as four capsules over three
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Fig. 1 Phase 3 clinical studies included in the integrated
analysis of VOS safety and efficacy. RCT randomized con-
trolled trial. Patients in ECOSPOR III who experienced
CDI recurrence prior to 8 weeks post-treatment (indi-
cated by rectangular box) were eligible to rollover into
ECOSPOR V. The same VOS treatment regimen (3 x 107
spore colony forming units [SCFUs] in four capsules once
daily for three consecutive days) was administered in both
ECOSPOR III and ECOSPOR 1V. Blue solid lines indi-

consecutive days following symptom resolution
after standard-of-care antibiotics. Patients were
instructed to take magnesium citrate (10 oz) or
polyethylene glycol (250 mL) 1 day before treat-
ment initiation. Patients were followed for safety
and CDI recurrence through 24 weeks. On-study
CDI recurrence was defined as>3 unformed
stools per day for two consecutive days with a
positive C. difficile toxin test (EIA or cell cyto-
toxicity neutralization assay) and a decision by
the investigator that antibiotic treatment was
needed. Recurrence was imputed for patients
who were lost to follow-up, terminated the
trial prematurely, or died. Recurrence was also
imputed if a patient had one missing criterion
(e.g., toxin test result) but the other two criteria
were documented (e.g., diarrhea, investigator
decision to treat).

Both trials were performed in accordance with
Good Clinical Practice and with the Helsinki
Declaration of 1964 and its later amendments.
The protocols and amendments were reviewed
and approved by local or central investigational
review boards. Written informed consent was
obtained from all patients at screening.

1 1
8 24

Weeks

cate data included in the integrated datasets. Placebo data
(dashed blue lines) were not included in the integrated
datasets. Integrated data was available from 349 unique
patients treated with at least one VOS dosing regimen (90
patients from ECOSPOR III [note that 4 of these patients
received a second regimen in ECOSPOR 1V], 25 pla-
cebo rollover patients in ECOSPOR 1V, and 234 de novo
patients in ECOSPOR IV

In both trials, all treatment-emergent adverse
events (TEAEs), serious AEs (SAEs), and AEs of spe-
cial interest (AESIs), predefined as any invasive
infection (e.g., bacteremia, abscess, meningitis,
etc.), were collected weekly via telephone after
treatment initiation up to week 8. From weeks 8
to 24, all treatment-emergent SAEs and AESIs, and
related data, were collected every 4 weeks via tel-
ephone. In ECOSPOR III only, solicited AEs (i.e.,
diarrhea, gas or flatulence, abdominal distention
or bloating, abdominal pain or cramping, nau-
sea, anorexia, vomiting, fatigue, chills or shiver-
ing, and constipation) were recorded in a diary
card daily for 7 days after treatment completion
on day 3.

Additional details are published elsewhere
[17-19].

Endpoints

Safety endpoints were AEs, including SAEs, and
AESIs, clinical laboratory evaluations, and vital
signs. In both studies, different types of inva-
sive infection events were designated as AESIs
by the investigators. To account for all events,
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a retrospective AESI analysis was performed
using the integrated dataset (see Supplemen-
tary Material).

Efficacy endpoints were rCDI (recurrent
toxin +diarrhea requiring treatment) through
week 8 (i.e., the primary efficacy endpoint in
each trial) and through week 24. An analysis
of 1CDI rates up to 8 weeks after treatment was
conducted for the following subgroups: prior
CDI episodes (including the qualifying episode
(2, 23); age (<65, 2635); sex (male, female);
qualifying episode definition (PCR alone [diag-
nostic method permitted in ECOSPOR 1V only],
toxin with or without PCR); acid-suppressing
medication usage (i.e., proton pump inhibitors
and/or H2-receptor antagonists); creatinine
clearance rate (<30 ml/min, >30 to <50 ml/
min to <80 ml/min, >80 ml/min); prior anti-
biotic regimen (vancomycin, fidaxomicin);
age-adjusted Charlson Comorbidity Index
[20] (CCI) score category (0, 1-2, 3-4, 25), and
immunocompromised/immunosuppressed sta-
tus (see Supplementary Material Tables 1 and
2).

Statistical Analysis

In the integrated datasets, only data from VOS-
treated patients were included from the follow-
ing populations:

1. VOS-treated patients in ECOSPOR III who
did not roll over into ECOSPOR IV.

2. VOS-treated patients in ECOSPOR III who
rolled over and received VOS in ECOSPOR IV
(cohort 1).

3. Placebo-treated patients in ECOSPOR III who
rolled over and received VOS in ECOSPOR IV
(cohort 1).

4. De novo patients enrolled and treated with
VOS in ECOSPOR 1V (cohort 2).

For each study, up to 24 weeks of follow-up
was included. Where appropriate, confidence
intervals (ClIs) were presented at the 5% level
of significance.

All continuous variables are summarized
using descriptive statistics: N, mean, standard

deviation (SD), median, maximum, and mini-
mum. All categorical variables are summarized
using frequency counts and percentages.

rCDI rates and non-recurrence rates (propor-
tion of patients with and without recurrence)
are presented with 95% ClIs (calculated via
Clopper-Pearson exact method).

Descriptive summaries are by the overall
integrated population.

TEAEs were coded using the Medical Diction-
ary for Regulatory Activities version 24.1. All
statistics were completed using SAS® version
9.4.

RESULTS

Integrated Phase 3 Study Population

In total, 349 patients received at least one dose
of VOS in ECOSPOR III or ECOSPOR IV. Four
patients received blinded VOS in ECOSPOR III
followed by a second regimen of open-label
VOS in ECOSPOR IV. The treatment adherence
rate for VOS-treated patients was 98.9% in
ECOSPOR IIT and 99.2% in ECOSPOR IV. Reten-
tion rates for the VOS arm in ECOSPOR III and
for the overall population in ECOSPOR IV were
86.5% and 94.7%, respectively. Overall, more
patients were female (68.8%), predominantly
White (>90%), not Hispanic or Latino (>90%),
with a mean age of 64.2 years. Most patients
had at least two prior CDI episodes (Table 1),
but 77 patients (22.1%) with first recurrence
were enrolled in ECOSPOR IV. The majority
(72.2%) of patients were treated with vanco-
mycin for the qualifying episode. Concomi-
tant chronic illnesses included cardiac disease
(31.2%), immunocompromise/immunosup-
pression (21.2%), diabetes (18.9%), and renal
impairment/failure (13.2%).

Overview of Adverse Events

Overall, 63.3% (221/349) of VOS-treated patients
experienced TEAEs through week 24 (Table 2).
Most were mild or moderate and gastrointestinal
(Table 2 and Supplementary Material Table 3).
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Table 1 Demographics and baseline characteristics in ECOSPOR III and ECOSPOR IV
Overall VOS exposure® (ECOSPOR III/ECOSPORIV)

N=349
7 (%)

Age (years)

Mean (SD) 64.2 (15.8)
Age group, 7 (%)

< 65 years 166 (47.6)

> 65 years 183 (52.4)
Sex, 7 (%)

Female 240 (68.8)
Race, 7 (%)

American Indian or Alaska native 1(0.3)

Asian 6(1.7)

Black or African-American 18(5.2)

Native Hawaiian or other Pacific Islander 0

White 322(92.3)

Other 2(0.6)
Ethnicity, » (%)

Hispanic or Latino 26 (7.4)

Non-Hispanic or Latino 323(92.6)
Number of previous CDI episodes (including the qualifying episode)

2 77 (22.1)

>3 271(77.7)

Missing 1(0.3)
Prior antibiotic regimen (for the qualifying episode)

Vancomycin 252 (72.2)

Fidaxomicin 97 (27.8)

Defining test for qualifying CDI episode®

PCR alone 69 (19.8)

Toxin with or without PCR 276 (79.1)
Age-adjusted Charlson Comorbidity Score®

Mean (SD), median [minimum; maximum] 3.8 (2.2), 4.0 [0.0-11.0]
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Table 1 continued

Overall VOS exposure* (ECOSPOR III/ECOSPOR1V)
N=349

n (%)

Chatlson Comorbidity Score category

0 26 (7.5)

1-2 71 (20.6)

3.4 132 (38.3)

>5 116 (33.6)
Concomitant illness!

Renal impairment/failure 46(13.2)

Diabetes 66 (18.9)

Cardiac disease 109 (31.2)

Immunocompromise/immunosuppression 74(21.2)

SD Standard deviation

“Includes patients who received one (IN=345) or two (IN=4) VOS treatment regiments in ECOSPOR III and

ECOSPORIV

®Two patients enrolled in ECOSPOR III had missing or negative assay results and are not included in the table. Two patients

were enrolled in ECOSPOR IV on the basis of a positive loop-mediated isothermal amplification assay result and are not

included in the table

Charlson Comorbidity Index (age-adjusted values) [20] categorizes comorbidities based on International Classification of

Diseases diagnosis codes and assigns a weighted score for each condition from 1 to 6 based on adjusted risk of mortality. A
score of 0 indicates no comorbidities. A higher total score indicates higher risk of mortality. 4 patients in ECOSPOR IV had

missing CCI scores

dCatcgorics are not mutually exclusive. Patients may be included under more than 1 concomitant illness

Most common TEAEs (> 5% of patients) were
flatulence, diarrhea, abdominal pain, fatigue,
and abdominal distension (Supplementary
Material Table 3). Most common treatment-
related TEAEs were flatulence, abdominal pain,
abdominal distension, fatigue, and diarrhea
(Supplementary Material Table 4).

One patient experienced a TEAE leading
to study withdrawal, which was considered
unrelated to treatment by the investigator,
and was a fatal SAE related to a pre-existing
glioblastoma.

Deaths

There were 11 deaths (3.2%; 3 in ECOSPOR III
and 8 in ECOSPOR 1V) (Supplementary Mate-
rial Table 5), none of which were deemed
treatment-related by the investigators. Patients
who died were 64-93 years old and 7 of 11
deaths were associated with pre-existing con-
ditions. There were no trends in the cause or
timing of death that would suggest an associa-
tion with VOS. The interval between treatment
initiation and death varied from 5 to 164 days.
Three patients died within 30 days due to
TEAEs of cardiomyopathy with longstanding
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Table 2 Summary of treatment-emergent adverse events in ECOSPOR IIT and ECOSPOR IV

Overall VOS exposure® (ECOSPOR III/-ECOSPOR1V)
N=349

7 (%)

Number of TEAEs 1007
Patients with at least 1 TEAE® 221 (63.3)

Patients with at least 1 mild TEAE 92 (26.4)

Patients with at least 1 moderate TEAE 78 (22.3)
Patients with study drug-related* TEAEs" 77 (22.1)
Patients with SAEs (serious TEAEs) 48 (13.8)
Patients with study drug-related® SAEs (serious TEAEs) 0
Patients with treatment-emergent AESIs? 28 (8.0)
Patients with study drug related® treatment-emergent AESY 0
Patients with TEAEs leading to study withdrawal 1(0.3
Patients with SAEs leading to study withdrawal 1(0.3)
Patients with TEAEs leading to death (3.2)

AE Adverse event; AESI adverse event of special interest; SAE serious adverse event; TEAE treatment-emergent adverse

cvent

*Includes patients who reccived one (N=345) or two (N=4) VOS treatment regiments in ECOSPOR III and

ECOSPORIV

bSolicited AEs were collected on days 4-10 in ECOSPOR III only. Solicited AEs included: diarrhea, gas or flatulence,
abdominal distention or bloating, abdominal pain or cramping, nausea, anorexia (loss of appetite), vomiting, fatigue, chills
or shivering, and constipation. Diarrhea AEs were recorded using a daily diarrhea log (ECOSPOR III and ECOSPOR IV
cohort 1) or via query by site personnel (ECOSPOR IV cohort 2)

“Includes TEAEs that were considered to be related or possibly related to study treatment according to the investigator
dAESIs were prospectively defined as invasive infections in ECOSPOR 111 and ECOSPOR IV

cardiomegaly (day 5), subdural hematoma
after a fall while taking anticoagulation ther-
apy (day 12), and SARS-CoV-2 infection/C. dif-
ficile recurrence and intestinal perforation
(day 28). The remaining 8 patients died more
than 30 days after the last dose of VOS (range
39-164 days).

Serious Adverse Events

A total of 48 patients (13.8%) (Supplementary
Material Table 6) reported SAEs, none of which
were deemed treatment-related. The most fre-
quently reported SAEs (=2 patients) included

urinary tract infection (UTI), cellulitis, C. dif-
ficile colitis, and C. difficile infection. None of
the UTIs were related to VOS drug species.

Adverse Events of Special Interest

AESIs were observed in 28 patients (8%) with
no consistent pattern and none were consid-
ered treatment-related (Supplementary Mate-
rial Table 7). The organisms isolated from
available cultures were not VOS drug species.
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Fig.2 Integrated CDI recurrence rate in patients who received at least one dose of VOS in ECOSPOR III and/or

ECOSPORIV

Safety in Subgroups

Incidence of TEAEs and SAEs were analyzed by
subgroups including age, immunosuppressed/
immunocompromised patients, and by con-
comitant illnesses associated with immune
dysfunction, including renal impairment/
failure and diabetes (Supplementary Material
Tables 8 and 9). There were no distinct or clini-
cally important differences in the AE profile
of VOS for any subgroup examined compared
with the overall population.

Clinical Laboratory Abnormalities and Vital
Signs

Treatment-emergent abnormalities in hematol-
ogy or biochemistry parameters were rare with
18 patients (5.2%) who had at least one abnot-
mal value (Supplementary Material Table 10).
There was no evidence of drug-induced liver
injury based on absence of Hy’s law cases [21].
Abnormal post-baseline vital sign measure-
ments were also rare, with 8 patients (2.3%) who

had at least one abnormal value (Supplementary
Material Table 11).

Efficacy

CDI recurrence through week 8 in patients who
received any dose of VOS was 9.5% (33/349);
95% CI [6.6-13.0] (Fig. 2). Most rollover patients
in ECOSPOR 1V (25 of 29; 86.2%) were from the
placebo arm in ECOSPOR 1II; 13.8% (4/29) had
CDI recurrence by week 8. Of the 33 recurrences
through week 8, 23 were confirmed and 10 were
imputed as recurrence due to loss to follow-up,
early termination, or death (n=35), or missing
components for defining rCDI (n=35) (Supple-
mentary Material Table 12).

The rCDI rate remained low through 24 weeks
(15.2% [53/349]; 95% CI [11.6-19.4]) (Fig. 2). Of
53 recurrences documented through 24 weeks,
32 were confirmed and 21 were imputed recur-
rences due to loss to follow-up, early termina-
tion, or death (n=14) or missing components
for defining rCDI (n=7) (Supplementary Mate-
rial Table 12).
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Integrated Population (n=349)

|_ Response at 8 Weeks _l

¢

¥ Non-recurrence

Fig.3 Durability of response at 24 wecks among patients
without recurrence through 8 weeks in patients who
received at least one dose of VOS in ECOSPOR III and/

Non-recurrence rates through weeks 8 and
24 were 90.5% (95% CI [87.0-93.4]) and 84.8%
(95% CI [80.6-88.4]), respectively (Fig. 2).
Among those patients with non-recurrence
through week 8 (316/349; 90.5%), 93.7%
(296/316) maintained a durable response
through week 24 (Fig. 3).

CDI Recurrence Rates by Subgroup

Analyses by select baseline characteristics or
concomitant medication use, including age,
antibiotic regimen for the qualifying episode,
sex, creatine clearance, diagnostic test used
for the qualifying episode, acid-suppressing
medication use, CCI score category, or immu-
nocompromise/immunosuppression also
showed consistent low rCDI rates through
week 8 in all subgroups, ranging from 4.2% to
22.2% (Fig. 4). In accordance with data from
ECOSPOR 1V [18], in the integrated dataset,
CDI recurrence rates were lower in younger
patients (i.e., <65 years) vs. those <635 years
(4.2% vs. 14.2%, respectively), whereas

7

Response at 24 Weeks
|_ Among Patients Without _|
Recurrence at 8 Weeks

>— 93.7%

M CDI Recurrence

or ECOSPOR IV. Among those patients with non-recur-
rence through week 8 (316/349; 90.5%), 93.7% (296/316)

maintained a durable response through week 24

recurrence rates by prior antibiotic regimen
were similarly low. Also consistent with pre-
viously reported data from ECOSPOR IV [18],
CDI recurrence rates in patients enrolled by
PCR alone were numerically lower (5.8%,
4/69 patients) compared with those enrolled
by toxin +EIA (10.5%, 29/276 patients) with
overlapping 95% ClIs. Recurrence rates range
from 4.2% to 6.1% in patients with CCI scores
between 1 and 4 while CDI recurrence rates
were highest in patients with CCI scores>35
(19%, 22/116 patients). There were no CDI
recurrences among the 26 patients with a CCI
score of O (Fig. 4). In patients who were immu-
nosuppressed or immunocompromised, CDI
recurrence rate was numerically higher (16.2%;
12/74) compared with patients who were not
immunosuppressed or immunocompromised
(7.6%; 21/275) with overlapping 95% ClIs.
Consistent with the low overall tCDI rate
of 9.5%, CDI recurrence rates through week 8
in patients with first recurrence (i.e., 2 prior
CDI episodes) were similarly low (6.5%
[5/77]) as those with >2 recurrences (i.e., >3
prior CDI episodes; 10.3% [28/271]) (Fig. 4).

A\ Adis



Infect Dis Ther (2024) 13:2105-2121

2115

Baseline Characteristic

Overall

Number of Prior CDI Episodes (incl. qualifying): 2
Number of Prior CDI Episodes (incl. qualifying): >=3
Age Group: Age < 65 years old

Age Group: Age >= 65 years old

Antibiotic Regimen: Vancomycin

Antibiotic Regimen: Fidaxomicin

Sex: Male

Sex: Female

Qualifying episode defined by PCR alone

Qualifying episode defined by Toxin with/without PCR
Charlson Comorbidity Index (CCI) Scores [1]: O
Charlson Comorbidity Index (CCI) Scores [1]: 1-2
Charlson Comorbidity Index (CCI) Scores [1]: 3-4
Charlson Comorbidity Index (CCI) Scores [1]: >=5
PPI and/or H2-blocker use at baseline: Yes

PPI and/or H2-blocker use at baseline: No

Creatinine Clearance at baseline: <30 ml/min
Creatinine Clearance at baseline: <30 mi/min to <=50 ml/min
Creatinine Clearance at baseline: <50 mi/min to <=80 ml/min
Creatinine Clearance at baseline: <80 ml/min
Immunocompromised/Immunosuppressed: Yes
Immunocompromised/Immunosuppressed: No

Recurrence Rate

/N (%) (95% Cl)

33/349 9.5 (6.6-13.0) -

577 6.5 (2.1-14.5) ——
28/271 10.3 (7.0-14.6) —-—
71166 42(1.7-8.5) -—

26/183 14.2 (9.5-20.1) ——
26/252 10.3 (6.9-14.8) ——

7197 7.2(3.0-14.3) ——
12/109 11.0 (5.8-18.4) —
21/240 8.8 (5.5-13.1) —~—

4/69 5.8 (1.6-14.2) ———
291276 10.5 (7.2-14.7) ——

0/26 0.0 (0.0-13.2) —

371 42 (09-11.9) —~—
8/132 6.1(2.7-11.6) e
22116 19.0 (12.3-27.3) ——
121117 10.3 (5.4-17.2) ——
21/232 9.1 (5.7-13.5) ==

4118 22.2 (6.4-47.6)

5/51 9.8 (3.3-21.4) ——
12/104 11.5 (6.1-19.3) ——
10/164 6.1(3.0-10.9) ——

12/74 16.2 (8.7-26.6) ——
211275 7.6 (4.8-11.4) —

Fig.4 CDI recurrence rates in subgroups. CDI Clostridi-
oides difficile infection; PPI proton pump inhibitor;
VOS VOWST™ oral spores. Two patients enrolled in
ECOSPOR III had missing or negative assay results for
the qualifying episode and are not included. Two patients
were enrolled in ECOSPOR IV on the basis of a positive
loop-mediated isothermal amplification assay result and are
also not included. One rollover patient in ECOSPOR IV
was diagnosed by PCR alone; however, in the integrated

Non-recurrence rates were also similar in
patients with first recurrence (93.5%) vs. those
with >2 recurrences (89.7%) as compared
with the overall non-recurrence rate of 90.5%
through week 8.

DISCUSSION

Patients with rCDI would benefit from an effec-
tive, safe, and convenient treatment option,
in addition to antibiotics alone, to restore the
microbiome and achieve sustained clinical

T T T T T T
0 10 20 30 40 50
Recurrence Rate (%)

analysis, all baseline information for rollover patients was
recorded from ECOSPOR III and this patient is therefore
included in the category “qualifying episode defined by
toxin with/without PCR”. Four patients had missing CCI
scores; 12 patients had missing baseline creatine clearance
rate; one patient had missing data for number of prior CDI
episodes. [1] Charlson Comorbidity Index (CCI) scores
adjusted for age [20]

response. In this integrated analysis of two
phase 3 trials, oral administration of VOS was
well tolerated in a vulnerable patient popula-
tion with rCDI and prevalent comorbidities, as
reflected by the CCI scores of >3 in 72% of the
study population. This safety profile might be
expected since VOS comprised predominantly
Firmicutes spores, normally abundant in the
healthy microbiome [2]. VOS is manufactured
using a series of inactivation, filtration, and
purification steps to mitigate risk of transmis-
sion of infectious agents, not detected through
comprehensive donor screening [22, 23]. Spores
are resistant to gastric acid, which enables
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formulation of these live bacteria into oral cap-
sules suitable for room temperature storage.

The most common AEs were gastrointesti-
nal and most were mild or moderate in sever-
ity. There were no notable differences in the
safety profile of VOS for any subgroup exam-
ined. Specifically, there were no important
safety differences observed in patients with renal
impairment/failure, diabetes, or cardiac disease.
Likewise, the safety of VOS in patients who were
immunosuppressed or immunocompromised
was similar to the overall population. Addition-
ally, there were no differences in the safety pro-
file of VOS observed in patients>65 years com-
pared with the overall population. Finally, there
were no clinically relevant trends suggestive of a
safety signal in laboratory results or vital signs.
Although the numbers of patients are limited,
these data on the safety profile of VOS in rel-
evant subgroups may be reassuring to physicians
in their clinical decisions.

Historically, CDI has been noted to increase
all-cause mortality, in association with older age
and comorbid conditions [24-26]. In this analy-
sis, there were no trends in the timing or pat-
terns of death that would suggest an association
with VOS treatment. Moreover, more than half
of the population were>65 years and some of
the observed deaths may be explained by enroll-
ment of patients with underlying diseases associ-
ated with short-term survival (e.g., glioblastoma,
pancreatic cancer), consistent with the broad
inclusion/exclusion criteria.

The strongest predictor of CDI recurrence
is a prior CDI episode [27, 28]. Patients with a
history of rCDI are at high risk of recurrence
because antibiotics used to treat the debilitating
symptoms of the disease do not address the anti-
biotic-induced microbiome disruption facilitat-
ing the two-phase life cycle of C. difficile. Rates
of recurrence after antibiotics alone in trials of
patients with a history of >2 recurrences range
from 37% to 52% [29, 30]. Moreover, rates of
recurrence in patients with rCDI treated with
standard-of-care antibiotics followed by placebo
in the ECOSPOR 1II trial as well as in the inte-
grated phase 2 and phase 3 trials (PUNCH CD2
and PUNCH CD3) of another FDA-approved
LBP, REBYOTA RBL™ (formerly RBX2660),
were 40% and 42.5%, respectively [17, 31]. In

the integrated efficacy analysis of VOS-treated
patients, the recurrence rate at week 8 was 9.5%,
which is notably lower than rates reported in
these populations as well as in other large rand-
omized trials of patients with a history of prior
CDI treated with standard-of-care antibiotics
[32-34]. Furthermore, in a Bayesian analysis of
the combined phase 3 PUNCH CD3 and phase 2
PUNCH CD?2 trials, the modeled estimated treat-
ment success for RBL in the mITT population,
defined as the absence of CDI diarrhea within
8 weeks of study treatment, was 70.6% [35] cor-
responding to a CDI recurrence rate of 29.4%.
It should be noted, however, that differences in
study design and study populations complicate
direct comparisons of efficacy between these two
products.

Although patients in the ECOSPOR 1V trial
could enroll on the basis of PCR testing alone,
the majority of patients (79.1%) in the inte-
grated dataset were enrolled on the basis of a
positive toxin test with or without PCR. Given
that epidemiologic and observational treatment
studies, toxin positivity has been correlated with
an increased risk of rCDI compared to PCR in
epidemiologic and observational treatment stud-
ies [28, 36], the rCDI rate of 15.2% at week 24 is
also notably low.

Among patients without CDI recurrence at
8 weeks, the durability of the clinical response at
24 weeks after VOS treatment was high (93.7%).
The low recurrence rate and durability support
the potential benefit of microbiome restoration
with VOS following antibiotics for rCDI to pre-
vent recurrence in high-risk patients. Integrated
subgroup analyses at 8 weeks revealed consist-
ently low CDI recurrence rates across all sub-
groups including age, sex, number of prior CDI
episodes, diagnostic method for the qualifying
episode, CCI score, usage of acid-suppressing
medications, baseline creatinine clearance, and
immunocompromised/immunosuppressed sta-
tus. The CDI recurrence rate was numerically
greater in the>65 years vs.<65 years age sub-
group, consistent with the greater risk of recur-
rence observed in older populations [37], which
may be attributable to immunosenescence of the
microbiome [11]. Recurrence rates were simi-
larly low between vancomycin and fidaxomicin
subgroups, giving clinicians greater therapeutic
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options for management. There was also no
difference between rCDI rates among patients
enrolled by PCR alone compared to those with
positive toxin EIA, which may reflect the high
likelihood of active disease in these patients
enrolled under strict criteria.

To our knowledge, this is the first report of
an FDA-approved microbiome therapeutic to
demonstrate comparable response rates between
patients with first and multiply rCDI. The low
recurrence rates suggest that microbiome disrup-
tion may be a key contributor to the pathogen-
esis of recurrent disease, as previously demon-
strated (Straub et al., in submission).

Strengths and Limitations

As a result of the small within-subgroup sample
sizes, there was insufficient power to conduct
formal statistical comparisons of safety or effi-
cacy across subgroups. Strengths include the
high enrollment of elderly patients who are at
increased risk for recurrence. Additionally, the
inclusion criteria of both studies allowed enroll-
ment of a broad study population, including
patients on maintenance chemotherapy, dialy-
sis, and those with neutropenia (absolute neu-
trophil count< 1500 cells/mm? but>500 cells/
mm?®), patient groups often excluded from other
trials. Estimates of safety are strengthened by
high retention rates of nearly 94% and esti-
mates of efficacy are governed by conservative
statistical analysis. Finally, the size of the safety
database is estimated to have>95% detection
probability for AEs occurring with a frequency
of at least 1%.

CONCLUSIONS

rCDI is a debilitating infection with significant
morbidity and mortality. In this integrated pop-
ulation, including complex patients with multi-
ple comorbidities, VOS was associated with low
recurrence rates and was well tolerated. Absence
of CDI recurrence is associated with improved
quality of life and may mitigate other untoward
outcomes, such as hospitalization and death [10,

38-40]. Use of microbiome restoration therapy
to manage a first recurrence of CDI may poten-
tially reduce risk of untoward clinical outcomes
and is supported by these safety and efficacy
data in a vulnerable population.
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