
Microbiota-Based Live Biotherapeutic RBX2660 for the 
Reduction of Recurrent Clostridioides difficile Infection in 
Older Adults With Underlying Comorbidities
Glenn Tillotson,1, Laurie Archbald-Pannone,2 Stuart Johnson,3,4 Samson Ng,5 Masakazu Ando,6,a Adam Harvey,7 Lindy Bancke,7 and Paul Feuerstadt8,9

1Division of Microbiology, GST Micro, North, Virginia, USA, 2Department of Internal Medicine and Infectious Diseases, University of Virginia Hospital, Charlottesville, Virginia, USA, 3Department of 
Infectious Diseases, Edward Hines Jr Veterans Affairs Hospital, Hines, Illinois, USA, 4Loyola University Medical Center, Maywood, Illinois, USA, 5Medical Affairs, Ferring Pharmaceuticals, 
Parsippany, New Jersey, USA, 6Clinical Research Department, Ferring Pharmaceuticals, Parsippany, New Jersey, USA, 7Clinical Research Department, Rebiotix Inc, a Ferring Company, Roseville, 
Minnesota, USA, 8PACT Gastroenterology Center, Hamden, Connecticut, USA, and 9Division of Digestive Diseases, Yale University School of Medicine, New Haven, Connecticut, USA

Background. Advanced age and underlying comorbidities are associated with greater rates of recurrence in patients with 
Clostridioides difficile infection (CDI). Reducing the likelihood of recurrence through treatment with an antimicrobial followed 
by a microbiota replacement therapy can decrease the burden of this infection and improve patient outcomes. We report the 
efficacy and safety of RBX2660, a microbiota-based live biotherapeutic, in older adults with recurrent CDI, grouped by 
comorbidities.

Methods. In this post hoc subgroup analysis of the PUNCH CD3 trial, we assessed outcomes in older adults (age ≥65 years) 
grouped by Charlson Comorbidity Index severity scores at screening (moderate [3–4] and severe [≥5]) and by the presence of 
underlying cardiac, renal, or gastrointestinal disorders.

Results. RBX2660 treatment success rates in older adults with comorbidities were consistent across subgroups and similar to 
those in the total RBX2660-treated population. A greater percentage of RBX2660-treated older adults remained free of CDI 
recurrence through 8 weeks following treatment compared with placebo-treated participants in all but 2 subgroups assessed. 
Across all subgroups, most treatment-emergent adverse events (TEAEs) were mild or moderate in severity and related to a 
preexisting condition. None of the serious or life-threatening TEAEs that occurred were related to RBX2660 or its 
administration. Occurrence of TEAEs did not cluster in any subgroup.

Conclusions. RBX2660 is efficacious and safe in older adults with recurrent CDI and underlying comorbidities.
Keywords. Clostridioides difficile; Clostridium difficile; live biotherapeutic product; microbiome restoration; microbiome-based 

therapeutic.

Disruptions to gut microbiota composition and diversity can result 
in microbiome disruption, termed dysbiosis, and subsequent intesti-
nal proliferation of opportunistic pathogens such as Clostridioides 
difficile [1, 2]. Clostridioides difficile, a gram-positive, spore-forming 
anaerobic bacterium, is the most common cause of 
healthcare-associated infections in the United States [3–5]. 
Standard-of-care antibiotics used to treat C difficile infection (CDI) 
may further exacerbate gut dysbiosis, leading to future recurrent 

CDI episodes. Up to 35% of patients with an initial CDI episode 
and as much as 65% of patients with 2 or more CDI episodes are es-
timated to experience subsequent recurrence [6–10].

Recurrent CDI (rCDI) is a serious and potentially fatal illness 
that places a profound burden on patients and the healthcare sys-
tem, with an estimated 30-day mortality rate of 9% in people ≥65 
years of age diagnosed with healthcare-associated CDI, and an 
estimated annual cost of $2.8 billion in the United States [11, 12]. 
Older age and comorbidities, including cardiac, renal, and gas-
trointestinal (GI) disorders, may increase the risk of recurrence, 
morbidity, and mortality in patients with rCDI [13, 14].

Current guideline-recommended standard-of-care antibiot-
ic treatment for CDI and rCDI, particularly vancomycin, is 
able to control the vegetative phase of infection but does not af-
fect spores and can worsen a patient’s underlying dysbiosis, 
leaving them vulnerable to rCDI [13, 15, 16]. This vicious cycle 
makes rCDI treatment especially challenging and can be fur-
ther complicated in patients with underlying comorbidities. 
CDI-related complications and mortality rates increase with 
each subsequent infection [17, 18]. Innovative treatments to 
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address dysbiosis and reduce rCDI are needed to improve the 
impact of this infection—to decrease morbidity and mortality 
rates, reduce economic burden on patients and the healthcare 
system, and, most importantly, improve patients’ quality of life.

Microbiome-based therapeutics are being actively developed 
to restore the gut microbiome and reduce rCDI. RBX2660 is a 
microbiota-based live biotherapeutic product developed to re-
duce CDI recurrence following antibiotic treatment for rCDI as 
early as first recurrence. RBX2660 is supplied as a single-dose, 
rectally administered microbiota suspension that contains a 
broad consortium of spore-forming and non-spore-forming 
bacteria, including Bacteroidetes and Firmicutes. RBX2660 is 
developed through a proprietary standardized manufacturing 
process that adheres to Good Manufacturing Practice and un-
dergoes standardized rigorous screening procedures including 
pathogen testing to ensure patient safety as previously de-
scribed [19–21].

Medically complex patients are often encountered in medical 
practice and are very commonly affected by both initial and 
rCDI. Here, we report a post hoc subgroup analysis of the 
PUNCH CD3 [21] phase 3 trial to demonstrate the efficacy and 
safety of RBX2660 in older adults with rCDI and comorbidities 
that may increase their risk for recurrence and mortality.

METHODS

Study Design

This is a post hoc subgroup analysis of the PUNCH CD3 trial 
(NCT03244644), a prospective, multicenter, randomized, double- 
blind, placebo-controlled phase 3 study to evaluate the efficacy 
and safety of RBX2660 for the prevention of rCDI in participants 
≥18 years old with documentation of rCDI per the study defini-
tion, including either (i) at least 1 recurrence after a primary ep-
isode and had completed at least 1 round of standard-of-care oral 
antibiotic therapy or (ii) had at least 2 episodes of severe CDI re-
sulting in hospitalization within the last year [21]. A positive stool 
test for the presence of toxigenic C difficile within 30 days before 
enrollment was required. Clostridioides difficile laboratory testing 
according to the site’s standard of care was acceptable for enroll-
ment, and toxin testing was not required. Polymerase chain reac-
tion (PCR) was the predominant standard-of-care diagnostic test 
at the time the study was conducted, and >70% of PUNCH CD3 
participants were confirmed by PCR. Patients with a history of in-
flammatory bowel disease (IBD; eg, ulcerative colitis, Crohn’s dis-
ease, or microscopic colitis) or diagnosis of irritable bowel 
syndrome (IBS) as determined by Rome III criteria were excluded 
from PUNCH CD3. Following completion of standard-of-care 
antibiotic therapy, participants were randomized to receive 1 
blinded dose of RBX2660 or placebo in a 2:1 ratio.

The study design included an optional retreatment for pa-
tients who experienced a CDI recurrence after blinded therapy. 
The open-label RBX2660 (OL RBX2660) treatment was 

administered within 21 calendar days of failure determination. 
If a participant received OL RBX2660 treatment, the follow-up 
requirements started over from the day of OL RBX2660 treat-
ment administration according to the same schedule as re-
quired for the blinded portion of the study.

PUNCH CD3 was conducted in the United States and 
Canada according to the ethical principles of the Declaration 
of Helsinki, Good Clinical Practice guidelines, principles of in-
formed consent, and requirements of publicly registered clini-
cal trials. The protocol received Institutional Review Board 
approval before its commencement and was conducted under 
a Food and Drug Administration Investigational New Drug 
application.

Outcomes

The primary efficacy outcome was assessed in the modified 
intent-to-treat (mITT) population. The mITT population was 
defined as all randomized participants who successfully re-
ceived blinded treatment but excluded participants who with-
drew before treatment and participants who discontinued 
from the study before evaluation of treatment success/failure 
if the reason for exit was unrelated to CDI symptoms.

Treatment success was defined as the absence of CDI diar-
rhea through 8 weeks after completing blinded treatment. 
CDI diarrhea was defined as the passage of ≥3 unformed/loose 
stools (ie, Bristol Stool Scale type 6–7) in 24 or fewer consecu-
tive hours for at least 2 consecutive days, and positive stool test 
for the presence of C difficile toxin documented at the time of 
the diarrhea. For the determination of study failures, a central 
laboratory was used to perform the C. DIFF QUIK CHEK 
COMPLETE test, a rapid enzyme immunoassay for glutamate 
dehydrogenase and toxins A and B. Treatment outcomes 
were based on endpoint adjudication committee determina-
tion. If treatment outcome was indeterminate, it was counted 
as treatment failure (nonsuccess) for analysis purposes.

Treatment-emergent adverse events (TEAEs) were sum-
marized for the double-blind treatment period within 8 
weeks and censored at treatment failure. The safety popula-
tion included all participants for whom treatment was 
attempted.

Subgroup Analysis

Outcomes were assessed in older adults categorized by baseline 
Charlson Comorbidity Index (CCI) scores and by the presence 
of cardiac, renal, or GI disorders.

Older adults (65–74 years and ≥75 years of age) were catego-
rized using the age-adjusted CCI, a commonly used index that 
incorporates a subset of 16 conditions and participant age to es-
timate 10-year survival based on comorbidity burden [22, 23]. 
First published in 1987, the CCI was designed to classify co-
morbid conditions that may increase the risk of mortality for 
use in longitudinal studies, and after widespread use is now 
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often considered the gold-standard measure of comorbidity 
burden in clinical research [23, 24].

The index weighs the following age groups and medical con-
ditions to calculate a score [25]: age (50–59 years: 1 point; 60– 
69 years: 2 points; 70–79 years: 3 points; ≥80 years: 4 points); 
myocardial infarction (1 point); congestive heart failure (1 
point); peripheral vascular disease (1 point); cerebrovascular 
accident or transient ischemic attack (1 point); dementia (1 
point); chronic obstructive pulmonary disease (1 point); con-
nective tissue damage (1 point); peptic ulcer disease (1 point); 
liver disease (mild: 1 point; moderate to severe: 3 points); dia-
betes mellitus (uncomplicated: 1 point; end-organ damage: 2 
points); hemiplegia (2 points); moderate to severe chronic kid-
ney disease (CKD) (2 points); solid tumor (localized: 2 points; 
metastatic: 6 points); leukemia (2 points); lymphoma (2 
points); and AIDS (6 points) (Supplementary Table 1). Older 
adult participants were grouped according to total CCI scores 
of 3 to 4 (moderate) or ≥5 (severe), as calculated at screening 
for study entrance. Based on the CCI, the estimated 10-year 
survival of individuals with a total CCI score of 3 or 4 points 
is 77% and 53%, respectively; estimated 10-year survival de-
creases to 21% for individuals with CCI of 5 points and drops 
to 0% for individuals with CCI ≥7 points.

Older adults with cardiac, renal, or GI disorders were 
identified by searching preferred terms in the medical history 
at screening based on Medical Dictionary for Regulatory 
Activities, version 20.0. The top 3 preferred terms for each cat-
egory of cardiac disorders, CKD, and GI disorders are shown in 
Table 1 (see Supplementary Table 2 for the full list of medical 
conditions).

Safety Oversight and Data Monitoring

To ensure the safety and well-being of participants through-
out the study, an independent data and safety monitoring 
board assessed if there was probable cause that RBX2660 
or the enema procedure contributed to a new intestinal in-
fection in the stool of any participant or if any events of ma-
jor significance (ie, death or other serious outcome) causally 

and plausibly connected with RBX2660 was in excess in 1 of 
the study arms.

Statistical Analysis

The primary outcome of PUNCH CD3 used a Bayesian analysis 
that integrated data from the previous phase 2b trial, PUNCH 
CD2 [21]. For this subgroup analysis, observed treatment suc-
cess rates from PUNCH CD3 are reported (Bayesian statistics 
were not applied). The difference in treatment success rates be-
tween RBX2660 and placebo in each subgroup is presented in a 
forest plot with the 95% confidence interval (CI) calculated by 
an exact method [26].

Participant Consent

All enrolled participants provided informed consent before 
randomization and treatment.

RESULTS

PUNCH CD3 Outcomes

Of the 289 participants randomly assigned in PUNCH CD3, 
267 were treated with blinded RBX2660 (n = 180) or placebo 
(n = 87). Bayesian hierarchical model estimates of treatment 
success rates in the mITT population were 70.6% with 
RBX2660 versus 57.5% with placebo, with a statistically signifi-
cant posterior probability of superiority of 0.991 [21]. For par-
ticipants who achieved treatment success at 8 weeks, most had a 
sustained clinical response through 6 months (RBX2660: 92.1% 
[n = 116/126]; placebo: 90.6% [n = 48/53]) [21]. Overall, 
RBX2660 was well tolerated with expected and manageable ad-
verse events (AEs). These results have been previously pub-
lished [21].

Demographics of Older Participants With Underlying Comorbidities

Among participants aged 65–74 years, 27 (placebo: n = 8; 
RBX2660: n = 19) had moderate CCI scores and 34 (placebo: n 
= 12; RBX2660: n = 22) had severe CCI scores (Supplementary 
Table 3). Among participants ≥75 years old, 10 (placebo: n = 2; 
RBX2660: n = 8) had moderate CCI scores and 41 (placebo: n 

Table 1. Top 3 Medical Conditions in Older Adults With Cardiac Disorders, Chronic Kidney Disease, or Gastrointestinal Disorders

Cardiac Disorder 
Preferred Terms

Placebo, 
No.

RBX2660, 
No.

CKD Preferred 
Terms

Placebo, 
No.

RBX2660, 
No.

GI Disorder Preferred 
Terms

Placebo, 
No.

RBX2660, 
No.

Atrial fibrillation 5 12 CKD 4 17 Gastroesophageal reflux 
disease

11 37

Congestive heart 
failure

4 11 Renal failure 0 2 Diverticuluma 5 13

Coronary artery 
disease

4 10 Hemodialysis 1 1 Hemorrhoidsb 5 8

Participants with cardiac disorders, CKD, or GI disorders were identified by searching preferred terms in the medical history at screening based on Medical Dictionary for Regulatory Activities 
(MedDRA), version 20.0.  

Abbreviations: CKD, chronic kidney disease; GI, gastrointestinal.  
aMedDRA preferred term representing diverticulosis.  
bEither internal or external.

RBX2660 in Older Complex rCDI Patients • OFID • 3

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac703#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac703#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac703#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac703#supplementary-data


= 8; RBX2660: n = 33) had severe CCI scores. A total of 50 par-
ticipants ≥65 years old (placebo: n = 14; RBX2660: n = 36) had 
a cardiac disorder, 23 (placebo: n = 4; RBX2660: n = 19) had CKD, 
and 73 (placebo: n = 18; RBX2660: n = 55) had a GI disorder 
(Supplementary Table 4). Across all subgroups, older partici-
pants were mostly White females who had experienced at least 
3 CDI episodes (ie, at least 2 recurrences) before RBX2660 
treatment.

Treatment Success in Older Participants With Underlying Comorbidities

In the total population, RBX2660 treatment was successful across 
a range of participant ages and comorbidity burdens (Figure 1). 
RBX2660 treatment success in older adults aged 65–74 years 
with moderate or severe CCI scores was consistent with the total 
RBX2660-treated population (treatment success: all participants: 
71% [n = 126/177]; moderate CCI: 74% [n = 14/19]; severe CCI: 
73% [n = 16/22]), and a greater percentage of RBX2660-treated 
participants remained CDI-free through 8 weeks following treat-
ment compared with placebo-treated participants in these sub-
groups (Figure 2). Among RBX2660-treated participants ≥75 
years old, 50% (n = 4/8) with moderate CCI scores and 64% (n 
= 21/33) with severe CCI scores achieved treatment success. 
RBX2660 treatment success in older adults aged ≥65 years with 
cardiac disorders (69% [n = 25/36]), CKD (68% [n = 13/19]), 

and GI disorders (67% [n = 37/55]) was similar to the total 
RBX2660-treated population (Figure 3).

Following confirmed treatment failure, 65 participants in the 
total population received OL RBX2660, of whom 37 (57%) 
achieved treatment success within 8 weeks [21]. OL RBX2660 
was efficacious in older adults with underlying comorbidities 
who experienced CDI recurrence after blinded treatment 
(Supplementary Table 5). Treatment success was achieved by 
50% (blinded placebo + OL RBX2660: n = 3/7; blinded 
RBX2660 + OL RBX2660: n = 5/9), 50% (blinded placebo + 
OL RBX2660: n = 0/1; blinded RBX2660 + OL RBX2660: n = 
3/5), and 55% (blinded placebo + OL RBX2660: n = 4/7; blind-
ed RBX2660 + OL RBX2660: n = 7/13) of older adults ≥65 years 
of age with cardiac disorders, CKD, and GI disorders, respec-
tively, after their second treatment course.

Safety Outcomes

In the total safety population, 87 participants received placebo 
and 180 participants received RBX2660 (Table 2). TEAEs were 
reported by 52% (n = 94/180) of RBX2660-treated participants 
compared with 44% (n = 38/87) of placebo-treated partici-
pants. The increased incidence of TEAEs after RBX2660 treat-
ment was largely due to mild events by maximum severity: 40% 
of RBX2660-treated participants experienced mild events by 
maximum severity compared with 30% of placebo-treated 

Figure 1. Summary of treatment success in participants with recurrent Clostridioides difficile infection by age and baseline Charlson Comorbidity Index (CCI) score (mod-
ified intent-to-treat population). PUNCH CD3 participants with treatment success or treatment failure at week 8 are plotted according to age and baseline CCI score. Each 
circle represents a unique participant. Nonsuccess includes treatment failures and indeterminants.
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participants [21]. Through 6 months of follow-up of blinded 
treatment, only 1 RBX2660-treated participant discontinued 
because of TEAEs [21]. Serious adverse events (SAEs) were in-
frequent and reported in a similar percentage of placebo- and 
RBX2660-treated participants. The reported SAEs are summa-
rized in Supplementary Table 6. No reported events of major 
complication (eg, death, toxic megacolon, or colonic perforation) 

from the presenting CDI episode were reported after treatment 
with RBX2660 or placebo [21].

When grouped by CCI scores, 32% to 70% of RBX2660-treated 
older adults with comorbidities had TEAEs (65–74 years old with 
moderate CCI: 32% [n = 6/19]; 65–74 years old with severe CCI: 
70% [n = 16/23]; ≥75 years old with moderate CCI: 50% [n = 4/ 
8]; ≥75 years old with severe CCI: 50% [n = 17/34]) (Table 2). 

Figure 2. Summary of treatment success in older adults with recurrent Clostridioides difficile infection categorized by baseline Charlson Comorbidity Index (CCI) score 
(modified intent-to-treat population). The percentage of RBX2660-treated and placebo-treated participants achieving treatment success at week 8 are shown for the total 
population and across age and CCI score subgroups. The low number of participants in some subgroups (eg, ≥75 years old with moderate CCI) may limit data interpretation.

Figure 3. Summary of treatment success in older adults with recurrent Clostridioides difficile infection with cardiac disorders, chronic kidney disease (CKD), and/or gas-
trointestinal (GI) disorders (modified intent-to-treat population). The forest plot depicts the differences in the 8-week treatment success rates between placebo and RBX2660 
in the total population and across subgroups. At least 1: participants with ≥1 comorbidity among cardiac disorder, CKD, and GI disorder; At least 2: participants with ≥2 
comorbidities among cardiac disorder, CKD, and GI disorder.

RBX2660 in Older Complex rCDI Patients • OFID • 5

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac703#supplementary-data


Ta
bl

e 
2.

 
Su

m
m

ar
y 

of
 T

re
at

m
en

t-
Em

er
ge

nt
 A

dv
er

se
 E

ve
nt

s 
W

ith
in

 8
-W

ee
k 

Fo
llo

w
-u

p 
of

 B
lin

de
d 

Tr
ea

tm
en

t (
Sa

fe
ty

 P
op

ul
at

io
n)

E
ve

nt
s

A
ll 

P
ar

tic
ip

an
ts

R
B

X
26

60
-T

re
at

ed
 O

ld
er

 A
du

lts
 W

ith
 C

om
or

bi
di

tie
s

P
la

ce
bo

R
B

X
26

60

65
–7

4 
y

≥
75

 y
≥

65
 y

M
od

er
at

e 
C

C
I  

(3
–4

)
S

ev
er

e 
C

C
I (

≥
5)

M
od

er
at

e 
C

C
I (

3–
4)

S
ev

er
e 

C
C

I (
≥

5)
C

ar
di

ac
 D

is
ea

se
C

K
D

G
I D

is
or

de
r

A
t 

le
as

t 
1a

A
t 

le
as

t 
2b

A
ll 

3

n
=

87
n

=
18

0
n

=
19

n
=

23
n

=
8

n
=

34
n

=
38

n
=

19
n

=
57

n
=

73
n

=
33

n
=

8

A
ll 

TE
A

E
s

38
 (4

3.
7)

94
 (5

2.
2)

6 
(3

1.
6)

16
 (6

9.
6)

4 
(5

0.
0)

17
 (5

0.
0)

23
 (6

0.
5)

13
 (6

8.
4)

29
 (5

0.
9)

39
 (5

3.
4)

19
 (5

7.
6)

7 
(8

7.
5)

M
ild

26
 (2

9.
9)

72
 (4

0.
0)

3 
(1

5.
8)

13
 (5

6.
5)

2 
(2

5.
0)

12
 (3

5.
3)

16
 (4

2.
1)

9 
(4

7.
4)

21
 (3

6.
8)

28
 (3

8.
4)

13
 (3

9.
4)

5 
(6

2.
5)

M
od

er
at

e
23

 (2
6.

4)
50

 (2
7.

8)
5 

(2
6.

3)
9 

(3
9.

1)
2 

(2
5.

0)
11

 (3
2.

4)
15

 (3
9.

5)
7 

(3
6.

8)
20

 (3
5.

1)
24

 (3
2.

9)
13

 (3
9.

4)
5 

(6
2.

5)

S
ev

er
e

5 
(5

.7
)

13
 (7

.2
)

1 
(5

.3
)

3 
(1

3.
0)

0 
(0

.0
)

3 
(8

.8
)

3 
(7

.9
)

2 
(1

0.
5)

7 
(1

2.
3)

7 
(9

.6
)

3 
(9

.1
)

2 
(2

5.
0)

P
ot

en
tia

lly
 li

fe
-t

hr
ea

te
ni

ng
0 

(0
.0

)
1 

(0
.6

)
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
1 

(2
.9

)
1 

(2
.6

)
0 

(0
.0

)
1 

(1
.8

)
1 

(1
.4

)
1 

(3
.0

)
0 

(0
.0

)

S
er

io
us

 A
E

s
4 

(4
.6

)
9 

(5
.0

)
0 

(0
.0

)
2 

(8
.7

)
0 

(0
.0

)
4 

(1
1.

8)
4 

(1
0.

5)
2 

(1
0.

5)
6 

(1
0.

5)
6 

(8
.2

)
4 

(1
2.

1)
2 

(2
5.

0)

A
E

s 
le

ad
in

g 
to

 d
is

co
nt

in
ua

tio
n

0 
(0

.0
)

1 
(0

.6
)c

0 
(0

.0
)

0 
(0

.0
)

0 
(0

.0
)

1 
(2

.9
)c

1 
(2

.6
)c

0 
(0

.0
)

1 
(1

.8
)c

1 
(1

.4
)c

1 
(3

.0
)c

0 
(0

.0
)

TE
A

E
s 

le
ad

in
g 

to
 d

ea
th

0 
(0

.0
)

1 
(0

.6
)c

0 
(0

.0
)

0 
(0

.0
)

0 
(0

.0
)

1 
(2

.9
)c

1 
(2

.6
)c

0 
(0

.0
)

1 
(1

.8
)c

1 
(1

.4
)c

1 
(3

.0
)c

0 
(0

.0
)

P
er

ce
nt

ag
e 

w
as

 c
al

cu
la

te
d 

us
in

g 
th

e 
nu

m
be

r o
f p

ar
tic

ip
an

ts
 in

 th
e 

co
lu

m
n 

he
ad

in
g 

as
 th

e 
de

no
m

in
at

or
. T

E
A

E
s 

w
er

e 
de

fin
ed

 a
s 

an
y 

ad
ve

rs
e 

ev
en

ts
 o

cc
ur

rin
g 

on
 o

r a
ft

er
 th

e 
bl

in
de

d 
tr

ea
tm

en
t.

 F
or

 T
E

A
E

s 
co

un
te

d 
du

rin
g 

th
e 

bl
in

de
d 

tr
ea

tm
en

t p
er

io
d,

 T
E

A
E

s 
ar

e 
re

po
rt

ed
 w

ith
 a

n 
on

se
t 

da
te

 o
n 

or
 a

ft
er

 t
he

 d
at

e 
of

 t
he

 b
lin

de
d 

tr
ea

tm
en

t 
th

ro
ug

h 
th

e 
8-

w
ee

k 
tim

ef
ra

m
e 

or
 u

p 
to

 t
he

 t
im

e 
th

e 
pa

rt
ic

ip
an

t 
re

ce
iv

ed
 a

n 
un

bl
in

de
d 

tr
ea

tm
en

t.
  

A
bb

re
vi

at
io

ns
: A

E
, a

dv
er

se
 e

ve
nt

; C
C

I, 
C

ha
rls

on
 C

om
or

bi
di

ty
 In

de
x;

 C
K

D
, c

hr
on

ic
 k

id
ne

y 
di

se
as

e;
 G

I, 
ga

st
ro

in
te

st
in

al
; T

E
A

E
, t

re
at

m
en

t-
em

er
ge

nt
 a

dv
er

se
 e

ve
nt

.  
a A

t 
le

as
t 

1:
 p

ar
tic

ip
an

ts
 w

ith
 ≥

1 
co

m
or

bi
di

ty
 a

m
on

g 
ca

rd
ia

c 
di

so
rd

er
, C

K
D

, a
nd

 G
I d

is
or

de
r.

  
b
A

t 
le

as
t 

2:
 p

ar
tic

ip
an

ts
 w

ith
 ≥

2 
co

m
or

bi
di

tie
s 

am
on

g 
ca

rd
ia

c 
di

so
rd

er
, C

K
D

, a
nd

 G
I d

is
or

de
r.

  
c O

ne
 d

ea
th

 d
ue

 t
o 

ca
rd

io
re

sp
ira

to
ry

 a
rr

es
t 

in
 a

 p
ar

tic
ip

an
t 

≥
75

 y
ea

rs
 o

ld
 w

ith
 a

 h
is

to
ry

 o
f 

ca
rd

ia
c 

an
d 

G
I d

is
or

de
rs

 a
nd

 s
ev

er
e 

C
C

I s
co

re
 w

as
 d

ee
m

ed
 r

el
at

ed
 t

o 
a 

pr
ee

xi
st

in
g 

co
nd

iti
on

 a
nd

 u
nr

el
at

ed
 t

o 
R

B
X

26
60

 o
r 

th
e 

ad
m

in
is

tr
at

io
n 

pr
oc

ed
ur

e.

6 • OFID • Tillotson et al



TEAE incidence was 61% (n = 23/38), 68% (n = 13/19), and 51% 
(n = 29/57) in RBX2660-treated older adults with cardiac disor-
ders, CKD, and GI disorders, respectively. Most participants ex-
perienced mild or moderate TEAEs; few experienced severe or 
potentially life-threatening TEAEs. GI disorders were the only 
AEs reported in ≥5% of participants in the overall population 
(Supplementary Table 7) and were reported in a similar percent-
age of participants across subgroups. There was 1 death within 8 
weeks of blinded treatment in the group of older adults. The par-
ticipant was ≥75 years old with a history of cardiac and GI disor-
ders. Upon review, the cause of death was determined to be 
related to a preexisting cardiac condition and not related to 
RBX2660 or its administration.

DISCUSSION

In this subgroup analysis of PUNCH CD3, RBX2660 treat-
ment was consistently efficacious and safe in older adults 
with rCDI and common comorbidities. Similar to the total 
RBX2660-treated participant population, most TEAEs expe-
rienced by older adults with comorbidities were mild to mod-
erate in severity. SAEs were infrequent, and none were related 
to RBX2660 or its administration. The 1 participant death 
during the 8 weeks of safety follow-up after blinded treatment 
was determined to be unrelated to treatment.

As previously addressed [21], placebo rates in PUNCH CD3 
were higher than expected. It is important to clarify that all par-
ticipants were treated with standard-of-care antibiotics for the 
enrolling CDI episode and had to show control of CDI symp-
toms the 2 days before washout in order to receive blinded 
treatment. Furthermore, approximately one-third of PUNCH 
CD3 participants were enrolled after a first recurrent episode 
(ie, 2 episodes of CDI), meaning the participants may have 
had a lower risk of recurrence because they likely had less se-
vere dysbiosis compared with participants in other trials where 
≥2 rCDI episodes (ie, 3 episodes of CDI) were required for en-
rollment [27].

Underlying comorbidities may not only impact patient prog-
nosis but may also alter treatment and outcomes. Using the 
age-adjusted CCI, we found that RBX2660 remained efficacious 
and well tolerated by older adults with a moderate or high co-
morbidity burden.

Based on Medicare fee-for-service claims data from 2009 to 
2017, 25% of older patients aged ≥65 years with rCDI died within 
1 year of experiencing CDI (CDI-related mortality). This mortal-
ity rate is nearly 10 times that of CDI-related mortality after a first 
episode of CDI (2.7%) [17]. Additionally, patients with 
rCDI-related mortality were shown to have a higher burden of 
comorbid conditions and higher CCI scores, compared with pa-
tients who survived rCDI. In another study, a higher comorbidity 
burden was also found among CDI patients ≥65 years old who 
developed sepsis, compared with those who did not develop 

sepsis (P < .0001) [28]. These data underscore the importance 
of reducing rCDI in high-risk populations and highlight the 
need for treatment that is superior to standard-of-care antibiotics 
alone.

The combination of higher comorbidity burden and worse 
clinical outcomes from CDI/rCDI in older patients is critical to 
address. CDI incidence increases with age, and older adults are 
3 times more likely to develop complicated CDI (eg, fulminant 
colitis and admission to an intensive care unit) [29]. Moreover, 
the growing number of older patients with comorbidities is in-
creasing clinical challenges and complexity of medical decision 
making. Between 2013 and 2018, the prevalence of cardiovascu-
lar disease (including coronary heart disease, heart failure, stroke, 
and hypertension) in older adults 60–79 years old was a striking 
78% among males and 75% among females. In addition, the US 
Centers for Disease Control and Prevention estimates that 38% of 
older adults have CKD (stages 1–4) [30, 31].

Several trials have associated CDI-related mortality with car-
diopulmonary disease. One assessment of 374 747 cases of CDI 
from the 2011 Nationwide Inpatient Sample database found 
cardiopulmonary disease (including myocardial infarction, 
congestive heart failure, peripheral vascular disease, cerebro-
vascular disease, and chronic obstructive pulmonary disease) 
to be an independent predictor of CDI-associated mortality 
(odds ratio, 1.46 [95% CI, 1.38–1.56]) [14]. Another study of 
patients requiring total colectomy for CDI found underlying 
cardiopulmonary disease also to be a covariate associated 
with increased mortality (odds ratio, 2.0; P = .001) [32].

CDI is more common in patients with CKD than in the general 
population and is associated with an increased risk of severe CDI 
and risk for recurrence [33]. A recent retrospective study of pa-
tients hospitalized with CDI reported CKD to be an independent 
predictor for 30-day all-cause readmissions. Another systematic 
review found that impaired renal function was associated with an 
increased risk of mortality in those with CDI [34].

Underlying GI comorbidities could also complicate rCDI 
treatment and outcomes. Prevalence estimates for gastro-
esophageal reflux disease (GERD), a common GI disorder 
in the United States, range from 18% to 28%. In a population- 
based survey, 35% of participants who had experienced 
GERD symptoms were on current therapy, 55% of whom 
were on proton pump inhibitors (PPIs) [35]. The association 
of PPI use and CDI has been documented in systematic re-
views and meta-analyses that identified PPI use as a risk fac-
tor for CDI recurrence [29, 36–38]. Although the association 
remains controversial, in the current study, GERD was the 
most common GI disorder reported, and many participants 
were on PPI therapy. A history of diverticulitis, the second 
most commonly reported GI disorder among PUNCH CD3 
participants, is associated with poor outcomes in patients 
with CDI, including increased length of hospital stay and 
mortality [39].
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The route of administration of microbiota-based live bio-
therapeutic products in older patients with medical com-
plexities and comorbid conditions warrants consideration. 
Administration issues that should be considered in older pa-
tients include aspiration risk and inability to swallow a high 
number of capsules or to withstand the rigors of bowel prep-
aration [40]. Similar to the total PUNCH CD3 participant 
population, this subgroup analysis showed that RBX2660 
and its administration were well tolerated in older adults 
with medical complexities, suggesting that this product may 
be an impactful novel treatment for patients with minimal 
to severe comorbid disease.

Like any study, our analysis has some limitations. PUNCH 
CD3 was not powered to detect significant differences in the 
subgroups presented here. Our conclusions are therefore limit-
ed by the small number of participants in some subgroups, par-
ticularly the placebo-treated participants ≥75 years old with 
moderate CCI (n = 2) and placebo-treated participants with 
CKD (n = 4). Additionally, patients with IBD and IBS were ex-
cluded from PUNCH CD3, which limits the broad generaliz-
ability of these data; however, a more real-world, open-label 
study (PUNCH CD3-OLS) that includes participants with 
IBD or IBS is ongoing, and efficacy and safety will be assessed 
in subgroups similar to those presented here.

This post hoc subgroup analysis of PUNCH CD3 showed 
that RBX2660 is efficacious and safe in a broad range of older 
adults with rCDI with varying comorbidity burden. RBX2660 
was well tolerated across subgroups independent of comorbid-
ities, with primarily mild to moderate TEAEs, no 
treatment-related SAEs, and only 1 AE-related study discontin-
uation. RBX2660 administration after standard-of-care antibi-
otic treatment could improve the outcomes of a potentially 
complex and vulnerable patient population and reduce the 
overall burden on patients and the healthcare system.
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