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Background. Renal impairment is not a consistently cited risk factor for recurrent Clostridioides difficile infection (rCDI). We 
examined the association between renal impairment and rCDI and the effect of bezlotoxumab, an anti–toxin B monoclonal antibody, 
in reducing rCDI in participants with renal impairment.

Methods. We pooled data from 2 randomized, double-blind, placebo-controlled, multicenter, phase 3 clinical trials conducted 
in participants receiving bezlotoxumab or placebo infusion during oral antibacterial drug treatment for CDI. We assessed the asso-
ciation between renal impairment and rCDI in placebo-treated participants and evaluated the effect of bezlotoxumab vs placebo in 
reducing rCDI among participants with renal impairment, defined as an estimated glomerular filtration rate <90 mL/min.

Results. The proportion of placebo-treated participants experiencing rCDI within 12 weeks was higher in those with renal im-
pairment (n = 919) vs those without renal impairment (n = 612; 36.6% and 27.7%, respectively; difference, 8.9%; 95% CI, 1.3% to 
16.3%). Renal impairment was significantly associated with a higher rate of recurrence in placebo-treated participants lacking com-
monly recognized risk factors for rCDI (renal impairment as only risk factor, 28.8%; vs normal renal function and no risk factors, 
12.5%; difference, 16.3%; 95% CI, 3.4% to 28.8%). Among all participants with renal impairment, the rate of rCDI was 19.5% among 
bezlotoxumab-treated vs 36.6% among placebo-treated participants (difference, –17.1%; 95% CI, –23.4% to –10.6%).

Conclusions. This post hoc analysis adds to the literature suggesting an association of renal impairment as an independent risk 
factor for rCDI and provides preliminary evidence that patients with renal impairment who suffer with CDI may benefit from ad-
junctive treatment with bezlotoxumab.
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Clostridioides difficile infection (CDI) is the most frequent cause 
of nosocomial diarrhea in adults in the United States and is in-
creasingly associated with community-acquired gastrointes-
tinal infections [1, 2]. Despite effective treatment of CDI with 
antibiotics, about 15% of patients treated for primary CDI with 
fidaxomicin and ~29% of patients treated with vancomycin will 
experience a recurrence (rCDI) [3, 4], and ~40% of patients 
who have a first recurrence will experience 2 or more rCDIs [5]. 
Much of the current CDI intervention development is focused 
on reducing rCDI. Given that novel interventions tend to be 
more costly to acquire, the ability to stratify patients by their 
risk of rCDI would allow the identification of patients who will 

greatly benefit from such intervention and in whom the cost of 
such interventions can be easily justified.

Widely accepted risk factors associated with rCDI include 
advanced age [6, 7] and history of CDI. Additional factors in-
clude concomitant systemic antibiotic exposure [8], inadequate 
immune response [9], and prolonged hospitalization [10]. 
Chronic kidney disease (CKD) was found to be associated with 
an increased risk of CDI and CDI-associated morbidity and 
mortality [11], and 3 recent studies reported that CKD may be 
associated with higher rates of rCDI [12–14]. As patients with 
renal impairment tend to be older and frequently exposed to 
health care, it remains unclear whether renal impairment is an 
independent risk factor for rCDI, particularly in those lacking 
other risk factors. Despite demonstrated increased morbidity 
and mortality from CDI among patients with renal impairment, 
these patients have not specifically been targeted for interven-
tions that reduce recurrence.

Bezlotoxumab is a fully human monoclonal antibody against 
C. difficile toxin B. In phase 3 trials (MODIFY I and MODIFY 
II), a single infusion of bezlotoxumab was associated with a sig-
nificantly lower rate of rCDI compared with placebo in adults 
receiving antibiotic treatment for CDI [15, 16]. The MODIFY 
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protocols prespecified subgroup analyses of participants with 
risk factors associated with rCDI: age ≥65  years, prior CDI, 
compromised immunity, severe CDI, and infection due to a 
known hypervirulent strain (ribotypes 027, 078, or 244). In 
participants with at least 1 of these 5 risk factors, bezlotoxumab 
reduced the proportion of participants with rCDI compared 
with placebo by ~16% (relative reduction, ~43%), and the rela-
tive reduction was 54% in participants with 3 or more of these 
risk factors [17]. The objectives of the current analysis were to 
examine the association of renal impairment with rCDI and 
to evaluate the efficacy of bezlotoxumab in these hard-to-treat 
patients.

METHODS

Study Design and Participants

MODIFY I (NCT01241552) and MODIFY II (NCT01513239) 
were randomized, double-blind, placebo-controlled, 
multicenter, phase 3 trials that were conducted from November 
2011 through May 2015 at 322 sites in 30 countries. The insti-
tutional review board or independent ethics committee at each 
study center approved the protocols and all amendments, and 
each study was conducted in accordance with Good Clinical 
Practice Guidelines and the Declaration of Helsinki. Written 
informed consent was obtained before study procedures were 
performed.

Adults with confirmed CDI were eligible for enrollment, in-
cluding those with multiple previous episodes of CDI. Eligibility 
criteria were previously described [15]. Participants were re-
ceiving or planned to initiate oral antibacterial treatment (met-
ronidazole, vancomycin, or fidaxomicin, chosen by the treating 
physician) prescribed for 10–14 days. CDI was diagnosed based 
on diarrhea (≥3 unformed bowel movements in 24 hours) and 
a positive stool test for toxigenic C.  difficile or its toxins. The 
protocols had broad inclusion and limited exclusion criteria, 
permitting a comprehensive evaluation of participants with 
diverse underlying comorbidities and a wide range of clinical 
characteristics associated with a high risk for additional CDI 
episodes, with infections caused by >130 different strains of 
C. difficile.

Randomization and Masking

Participants were randomized to receive a single infusion of 
bezlotoxumab (10 mg/kg of body weight), actoxumab (10 mg/
kg; MODIFY I  only), bezlotoxumab + actoxumab (10  mg/kg 
each), or placebo (0.9% saline). In the current analysis, we only 
included participants randomized to the bezlotoxumab or pla-
cebo groups. Randomization was stratified by antibacterial 
treatment and hospitalization status (inpatient or outpatient) 
at the time of randomization. The participants, investigators, 
study center personnel except for the pharmacist preparing 
the infusion, and sponsor were blinded to the randomization 

assignments until the trial was completed and the database 
was locked. Due to slight differences in appearance between 
bezlotoxumab and placebo, infusion bags were covered in an 
opaque sleeve to ensure that other study personnel and all par-
ticipants remained blinded to study treatment assignment.

Procedures

Loose stool counts (types 5, 6, and/or 7 on the Bristol Stool 
Chart) were recorded by participants daily through 12 weeks. 
New episodes of diarrhea were monitored via scheduled phone 
contacts between visits. If there was a new episode of diarrhea, 
a stool sample was collected and tested for toxigenic C. difficile, 
regardless of suspected diagnosis. Safety assessments included 
monitoring for infusion reactions for 24 hours after infusion, 
pre- and postinfusion electrocardiogram, vital sign measure-
ments, recording of adverse events, and safety laboratory values 
during infusion and through week 4.  Serious adverse experi-
ences (SAEs including death) were assessed through week 12.

End Points and Subgroup Definitions

Initial clinical cure was defined as no diarrhea for 2 consecu-
tive days after completion of antibacterial therapy. Response 
was defaulted to clinical failure if therapy extended beyond 16 
calendar days. Initial clinical cure was assessed in the modified 
intent-to-treat (mITT) population (defined as all randomly 
assigned participants who received study infusion, had a pos-
itive toxigenic C. difficile stool test, and initiated antibacterial 
therapy before or within 1 day after the infusion). rCDI was de-
fined as the development of a new episode of diarrhea associ-
ated with a positive stool test for toxigenic C. difficile within 12 
weeks following study medication infusion and was assessed in 
mITT participants who achieved initial clinical cure (Clinical 
Cure population). Additional end points included 30-day all-
cause hospital readmissions (defined as a hospital readmission 
within 30 days of discharge); 30-day CDI-associated readmis-
sion (defined as a readmission that satisfied ≥1 of the following 
criteria: occurrence within 5 days after onset of a new episode 
of CDI; onset of a new CDI episode during the readmission; 
or discharge diagnosis included terms synonymous with CDI, 
rCDI, or pseudomembranous colitis, as recorded on the trial 
case report form); and proportion of participants who died 
within 90 days after randomization for any reason.

For this analysis, the estimated glomerular filtration rate 
(eGFR) was calculated using the Modified Diet in Renal 
Disease (MDRD) equation using the serum creatinine value at 
the time of randomization [18]. Each participant was categor-
ized by renal function status at time of randomization using 
a binary variable based on the eGFR value: without renal im-
pairment eGFR ≥90 mL/min/1.73 m2, with renal impairment 
eGFR <90 mL/min/1.73 m2. Subgroups by degree of renal func-
tion were not presented for this analysis (ie, mild, moderate, 
severe, and end-stage renal disease) because the number of 
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participants in the severe and end-stage renal disease categories 
was small, and the power to detect a difference between treat-
ment groups was low.

Statistical Methods

The analysis was conducted with the pooled data set from 
MODIFY I  and MODIFY II. As this was a post hoc analysis, 
there was no preplanned determination of optimal sample size. 
We performed 2 separate analyses. The first analysis evaluated 
the association between renal impairment and rCDI overall. To 
avoid a possible confounding by treatment, we only included 
placebo-treated participants in this analysis. The second anal-
ysis evaluated the efficacy of bezlotoxumab in the renal impair-
ment group. In this analysis, we included all participants with 
any degree of kidney impairment.

Baseline demographic and clinical characteristics of the 
mITT population were summarized descriptively using fre-
quencies and percentages. In the placebo-treated participants, 
observed clinical cure and rCDI rates along with unadjusted 
rate differences for the “with renal impairment” and “without 
renal impairment” subgroups were calculated. The 95% con-
fidence intervals were based on Miettinen and Nurminen’s 
method without stratification [19]. Further analyses of the 
placebo-treated participants were conducted to understand the 
impact of renal impairment on the rate of rCDI when combined 
with additional risk factors. A  logistic regression analysis was 
performed using a model that included terms for renal impair-
ment in addition to the known risk factors of age ≥65 years and 
≥1 prior episode of CDI within 6 months. Odds ratios and 95% 
CIs were calculated.

 In the subgroup of participants with renal impairment, 
observed clinical cure and rCDI rates, unadjusted rate differ-
ences, and 95% CIs for the rate differences comparing the pla-
cebo and bezlotoxumab treatment groups were also analyzed. 
The nonparametric Kaplan-Meier method was used to estimate 
the distribution of time to recurrence of baseline CDI episode 
for each treatment in the subgroup of participants with renal 
impairment.

RESULTS

The mITT population included 1554 participants: 781 in the 
bezlotoxumab group and 773 in the placebo group. For this 
analysis, 1531 participants were included (919 [60.0%] in the 
renal impairment group and 612 [40.0%] in the no renal im-
pairment group); 23 of the full mITT population were excluded 
because of missing baseline eGFR values. In the group of parti-
cipants with renal impairment, 447 received bezlotoxumab and 
472 received placebo. Among the 919 participants with renal 
impairment, 489 had mild renal impairment (53.2%, eGFR 60 
to <90 mL/min 1.73 m2), 290 had moderate renal impairment 
(31.6%, eGFR 30 to <60 mL/min 1.73 m2), 71 had severe renal 

impairment (7.7%, eGFR 15 to <30 mL/min 1.73 m2), and 69 
had end-stage renal disease (7.5%, eGFR <15 mL/min 1.73 m2). 
There were 381 (85%) and 400 (85%) participants with renal 
impairment who remained in the study through week 12 in the 
bezlotoxumab and placebo groups, respectively. A similar pro-
portion of participants without renal impairment completed 
the study in both treatment groups (280 [87%] bezlotoxumab, 
239 [82%] placebo). The primary reason for premature discon-
tinuation in both treatment groups was death (n  =  65 in the 
renal impairment group [bezlotoxumab: n = 34 of 447; placebo: 
n = 31 of 472] and n = 39 in the no renal impairment group 
[bezlotoxumab: n = 16 of 322; placebo: n = 23 of 290]).

Baseline Characteristics and rCDI Incidence in Placebo Recipients With 
and Without Renal Impairment

Table  1 summarizes the baseline demographics and clinical 
characteristics of the placebo-treated participants by renal 
impairment vs no renal impairment. There was a higher per-
centage of participants with renal impairment who were 
≥65 years of age, had a Charlson index ≥3, and had at least 1 of 
the 5 prespecified risk factors for rCDI compared with partici-
pants without renal impairment (Table 1).

Among placebo-treated participants, there was no difference in 
the proportion of participants who had an initial clinical cure in 
the renal impairment group (79.9%) compared with those without 
renal impairment (81.0%; difference, –1.2%; 95% CI, –6.8% to 
4.8%). In contrast, the proportion of placebo participants who ex-
perienced rCDI during the 12-week follow-up period was higher 
in those with renal impairment than in those without renal im-
pairment (36.6% and 27.7%, respectively; difference, 8.9%; 95% 
CI, 1.3% to 16.3%) (Figure 1). When further assessing the risk of 
recurrence in participants based on risk factors for rCDI, renal 
impairment was associated with a higher rate of recurrence even 
in participants lacking more commonly recognized risk factors for 
rCDI (renal impairment as the only risk factor, 28.8%; vs normal 
renal function and no risk factors, 12.5%; difference, 16.3%; 95% 
CI, 3.4% to 28.8%). This trend was also seen in younger partici-
pants (age <65 years; 30.8% and 20.7%, respectively; difference, 
10.1%; 95% CI, 0.0% to 19.9%) and in participants with primary 
CDI (32.2% and 18.1%, respectively; difference, 14.1%; 95% CI, 
5.7% to 22.0%) (Figure 1). In elderly participants and in patients 
with a history of CDI, the rate of rCDI was high, and renal impair-
ment did not appear to further increase the risk of rCDI.

Independent risk factors that were found to be associated 
with rCDI in univariate analyses were also included in a mul-
tivariate logistic regression. These included age ≥65 years, his-
tory of CDI in the past 6 months, and renal impairment. When 
modeling the odds of increased rCDI rates using logistic re-
gression, there was significant interaction between history of 
CDI and renal impairment. Among participants with no prior 
episodes of CDI, the independent odds of recurrence for those 
with renal impairment were 2.0 (95% CI, 1.2 to 3.2). However, 
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among those with a history of CDI, the odds of rCDI for those 
with renal impairment were 0.8 (0.4 to 1.5). Both age and CDI 
history remained significant in the multivariate model as well.

In a preliminary analysis, we estimated the rate of rCDI in 
the mild renal impairment group (eGFR 60 to <90 mL/min 1.73 
m2) because there was a sizeable number of placebo-treated 
participants (n = 214); the rCDI rate was 40.2% in participants 
with mild renal impairment, compared with 27.7% in the no 
renal impairment group.

Outcomes in Participants With Renal Dysfunction

Demographic and clinical characteristics of the study par-
ticipants with renal dysfunction were similar between the 

bezlotoxumab and placebo groups (Table  2), and there was 
no difference between treatment groups in the proportion 
of participants who achieved initial clinical cure (Table  3). 
Bezlotoxumab treatment was associated with a reduction in 
the incidence of rCDI compared with placebo (difference, 
–17.1%; 95% CI, –23.4% to –10.6%) (Table 3). The results were 
similar in the subgroups of participants with renal dysfunc-
tion and at least 1 additional risk factor (difference, –18.5%; 
95% CI, –25.7% to –11.2%), ≥1 CDI episode in the previous 
6 months (difference, –18.5%; 95% CI, –30.8% to –5.5%), and 
age ≥65 years (difference, –20.4%; 95% CI, –28.7% to –11.8%) 
(Table  3). Hospital readmissions within 30  days of discharge 
for any reason were similar in the placebo-treated participants 
compared with bezlotoxumab-treated participants (27.5% and 
24.5%, respectively) (Table 3). In contrast, the observed rate of 
CDI-associated hospital readmissions within 30  days of dis-
charge was higher in the placebo-treated participants (13.7%) 
compared with bezlotoxumab-treated participants (5.0%) 
(Table  3). The proportions of participants who died within 
90 days of randomization were similar between the 2 treatment 
groups (7.2% and 7.9%, respectively) (Table 3).

In participants with renal impairment, the majority of all 
recurrences (64% in the bezlotoxumab group and 76% in the 
placebo group) occurred within the first 4 weeks following 
the infusion (Figure  2). When comparing between treatment 
groups, the week 4, week 8, and week 12 Kaplan-Meier rCDI 
event rates were lower in the bezlotoxumab group than in the 
placebo group. Differences in the distribution of time to rCDI 
between the bezlotoxumab and placebo treatment groups 
were apparent as early as 3 weeks postinfusion and continued 
throughout the 12-week follow-up period.

DISCUSSION

Previous studies have found an association between the pres-
ence of chronic kidney disease and end-stage renal disease 
(ESRD) and an increased risk of rCDI, higher mortality, and 
poor treatment responses [6, 12, 13, 20–22]. Abdelfatah et al. 
assessed the relationship of comorbidities with rCDI rates 
and showed that low eGFR (particularly in patients with stage 
5 chronic kidney disease on dialysis) was significantly asso-
ciated with rCDI [21]. Two separate systematic review and 
meta-analyses, as well as a post hoc analysis, that included 
participants with CKD and/or renal dysfunction demon-
strated significantly increased risks of rCDI in patients with 
chronic kidney disease [12, 13, 20]. Although 1 study showed 
no association between chronic kidney disease and primary 
CDI, mortality and rCDI were significantly higher (by ~3 
times) in patients with both CDI and chronic renal failure 
compared with CDI alone [22]. Despite these prior publi-
cations, an independent effect of chronic kidney disease on 
rCDI has not been clearly demonstrated; therefore, patients 

Table 1. Baseline Demographics and Clinical Characteristics in the 
Placebo-Treated Participants (mITT Population)

Renal Impairment Status

Characteristics
With Impairment 
(n = 472), No. (%)

Without Impairment 
(n = 290), No. (%)

Host characteristics

 Inpatient 306 (64.8) 206 (71.0)

 Outpatient 166 (35.2) 84 (29.0)

 Female 278 (58.9) 164 (56.6)

 ≥65 y of agea 276 (58.5) 124 (42.8)

 Immunocompromiseda 90 (19.1) 61 (21.0)

 Hepatic impairment 25 (5.3) 19 (6.6)

 Charlson Index ≥3 208 (44.1) 91 (31.4)

 At least 1 of 5 prespecified 
risk factors

369 (78.2) 205 (70.7)

C. difficile characteristics

 ≥1 CDI episode in past 6 
moa

138 (29.2) 78 (26.9)

 ≥2 previous CDI episodes 
ever

85 (18.0) 38 (13.1)

 Severe CDI (Zar score ≥2)a 72 (15.3) 52 (17.9)

 Participant with a positive 
culture

298 (63.1) 182 (62.8)

 027, 078, or 244 strain 74 (24.8) 41 (22.5)

 027 straina 63 (21.1) 37 (20.3)

Treatment for CDI

 Metronidazole 225 (47.7) 146 (50.3)

 Vancomycin 229 (48.5) 136 (46.9)

 Fidaxomicin 18 (3.8)  8 (2.8)

Use of concomitant antibiotics

 Antibiotic use during SOC  159 (33.7) 110 (37.9)

 Antibiotic use after SOC  129 (27.3) 91 (31.4)

Renal impairment

 Mild (eGFR 60 to <90 mL/
min 1.73 m2)

258 (54.6) —

 Moderate (eGFR 30 to 
<60 mL/min 1.73 m2)

149 (31.6) —

 Severe (eGFR 15 to <30 mL/
min 1.73 m2)

31 (6.6) —

 ESRD (eGFR <15 mL/min 
1.73 m2)

34 (7.2) —

Abbreviations: CDI, Clostridioides difficile infection; eGFR, estimated glomerular filtration 
rate; ESRD, end-stage renal dysfunction; mITT, modified intent-to-treat; mo, months; SOC, 
standard of care; y, years.
aPredefined risk factor for recurrent CDI.
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with chronic kidney disease have not been targeted for inter-
ventions to reduce future risk of CDI.

Bezlotoxumab is indicated for the prevention of rCDI in pa-
tients being treated with antibiotics for CDI who are at high 
risk of rCDI. Therefore, it is important to identify patients 
with clinically important risk factors for rCDI and to ascertain 
whether bezlotoxumab can provide a meaningful benefit in pa-
tients with 1 or more of these risk factors. Our post hoc analysis 
of placebo-treated participants enrolled in the MODIFY trials 
showed that renal impairment was associated with a substantial 
increased risk of rCDI. This was particularly evident when no 
other known risk factors were present. In fact, we found that 
even a mild degree of impairment increases a patient’s risk for 
rCDI. These results confirm previous reports that found an as-
sociation of renal impairment with a higher rate of rCDI com-
pared with participants with normal renal function [12–14]. 
Furthermore, we found that in participants without 1 of 2 major 
risk factors for rCDI (ie, participants aged <65 and patients 
with primary disease) renal dysfunction appears to be an inde-
pendent risk factor for rCDI. These results support inclusion of 
renal impairment in the list of host characteristics that predict 
increased risk for rCDI.

Among these at-risk patients with renal impairment who 
were enrolled in the MODIFY trials, bezlotoxumab-treated 
participants had a significantly lower rate of rCDI compared 

with those who received a placebo infusion. Hence, sim-
ilar to what has been demonstrated for other subgroups at 
high risk of rCDI (eg, the elderly, immunocompromised, pa-
tients with a history of CDI) [17], bezlotoxumab has been 
demonstrated to reduce future risk of CDI in a problematic 
patient group.

According to the Peer Kidney Care Initiative, within the 
first 12 months of dialysis initiation, admissions for primary 
CDI increased nearly 44% between 2004 and 2012 among 
maintenance dialysis patients, and the rates of hospitaliza-
tion remain high for CDI in this population, often resulting 
in recurrence [23]. Because of the high risk of rCDI in these 
high-risk subgroups, the use of bezlotoxumab is expected 
to result in a reasonable number needed to treat and an im-
proved pharmacoeconomic profile. In the current analysis, we 
observed a clinically important reduction in CDI-associated 
hospital readmissions during the 30  days postdischarge in 
bezlotoxumab-treated compared with placebo-treated partici-
pants with renal dysfunction.

Limitations

This was a post hoc analysis and therefore was not powered to as-
sess for statistical significance; the results should be interpreted 
in this context. Also, there could be some confounding because 
randomization was not stratified by degree of kidney function. 
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Nevertheless, the data set was fairly balanced across both treat-
ment groups, and there was a reasonable number of patients, 
such that the power was high. Finally, we did not separate the 
subgroups by degree of renal function because the numbers of 

participants in the severe and end-stage renal disease categories 
were small; additional studies are needed to assess whether the 
benefit of bezlotoxumab extends across the entire spectrum of 
renal impairment, especially those with ESRD.

Table 3. CDI Outcomes by Treatment Allocation in Bezlotoxumab and Placebo Participants With Renal Impairment

Outcome Bezlotoxumab, n/N (%) Placebo, n/N (%) Difference (95% CI), %

Initial clinical curea 353/447 (79.0) 377/472 (79.9) –0.9 (–6.2 to 4.3)

CDI recurrenceb    

 All patients with renal dysfunction 69/353 (19.5) 138/377 (36.6) –17.1 (–23.4 to –10.6)

 Renal dysfunction + ≥1 additional RF  57/282 (20.2) 115/297 (38.7) –18.5 (–25.7 to –11.2)

 Renal dysfunction + ≥1 CDI episode in previous 6 mo 30/104 (28.8) 53/112 (47.3) –18.5 (–30.8 to –5.5)

 Renal dysfunction + age ≥65 y 44/215 (20.5) 89/218 (40.8) –20.4 (–28.7 to –11.8)

30-d readmissions    

 All-cause 73/298 (24.5) 18/306 (27.5) ND

 Associated with CDIc 15/298 (5.0) 34/306 (13.7) ND

90-d all-cause mortalityd 36/454 (7.9) 34/475 (7.2) ND

Abbreviations; CDI, Clostridioides difficile infection; d, day; mITT, modified intent-to-treat; ND, analysis not done; mo, months; RF, risk factor for rCDI (risk factors include CDI history in the 
past 6 months, severe CDI at baseline [per Zar score], age ≥65 years, hypervirulent strain [027, 078, or 244 ribotypes] at baseline, and being immunocompromised).
amITT population.
bClinical cure population.
cIn-patient population.
dAll patients as treated population.

Table 2. Baseline Demographics and Clinical Characteristics by Treatment Allocation in Participants With Renal Dysfunction

Characteristics Bezlotoxumab (n = 447), No. (%) Placebo (n = 472), No. (%)

Host characteristics

 Inpatient  298 (66.7)  306 (64.8)

 Outpatient  149 (33.3)  166 (35.2)

 Female  248 (55.5)  278 (58.9) 

 ≥65 y of agea  268 (60.0)  276 (58.5) 

 Immunocompromiseda  94 (21.0)  90 (19.1) 

 Hepatic impairment  25 (5.6)  25 (5.3) 

 Charlson Index ≥3 201 (45.0) 208 (44.1)

 At least 1 of 5 risk factors  356 (79.6)  369 (78.2) 

C. difficile characteristics

 ≥1 CDI episode in past 6 moa  133 (29.8)  138 (29.2) 

 ≥2 previous CDI episodes ever  67 (15.0)  85 (18.0) 

 Severe CDI (Zar score ≥2)a  76 (17.0)  72 (15.3) 

 Participant with a positive culture  282 (63.1)  298 (63.1) 

 027, 078, or 244 strain  55 (19.5)  74 (24.8) 

 027 straina  48 (17.0)  63 (21.1) 

Treatment for CDI

 Metronidazole  209 (46.8)  225 (47.7) 

 Vancomycin  222 (49.7)  229 (48.5) 

 Fidaxomicin  16 (3.6)  18 (3.8) 

Use of concomitant antibiotics

 Antibiotic use during SOC  143 (32.0)  159 (33.7) 

 Antibiotic use after SOC  148 (33.1)  129 (27.3) 

Renal impairment   

 Mild (eGFR 60 to <90 mL/min 1.73 m2) 231 (51.7) 258 (54.6)

 Moderate (eGFR 30 to <60 mL/min 1.73 m2) 141 (31.5) 149 (31.6)

 Severe (eGFR 15 to <30 mL/min 1.73 m2) 40 (9.0) 31 (6.6)

 ESRD (eGFR <15 mL/min 1.73 m2) 35 (7.8) 34 (7.2)

Abbreviations: CDI, Clostridioides difficile infection; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal dysfunction; mo, months; SOC, standard of care; y, years.
aPredefined risk factor for recurrent CDI.
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CONCLUSIONS

This post hoc analysis adds to the body of evidence suggesting 
an association of renal impairment as an independent risk 
factor for rCDI and provides preliminary evidence that patients 
with renal impairment suffering with CDI may benefit from ad-
junctive treatment with bezlotoxumab.

Acknowledgments
Carol Zecca, BS, of Merck Sharp & Dohme Corp., a subsidiary of Merck 

& Co., Inc., Kenilworth, NJ, USA, provided editorial and submission sup-
port. We gratefully acknowledge the MODIFY I/II trial investigators and 
especially the individuals who consented to participate.

Financial support. This work was supported by Merck Sharp & Dohme 
Corp., a subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA.

Potential conflicts of interest. Dr. Golan is a grant investigator for 
Merck & Co., and Allergan; a scientific advisor (review panel or advisory 
committee) for Merck & Co., Achaogen, Allergan, and Cempra; and a 
member of the speakers’ bureau for Merck & Co., Pfizer, The Medicines 
Company, and Allergan. H.D. and F.A. participated in clinical trials with 
Merck & Co., Inc. E.H.J., M.E.H., and M.B.D. are employees of Merck Sharp 
& Dohme Corp., a subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA, 
and may own stock in Merck & Co., Inc., Kenilworth, NJ, USA. All authors 
have submitted the ICMJE Form for Disclosure of Potential Conflicts of 
Interest. Conflicts that the editors consider relevant to the content of the 
manuscript have been disclosed.

Author contributions. All authors meet the criteria for author-
ship stated in the Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals. Specifically, all authors made substantial contributions 
to the conception and design of the study and manuscript or interpretation 
of the data, contributed to the drafting of the article or revising it critically 
for important intellectual content, and all gave final approval of the version 
to be published. Furthermore, all authors agree to be accountable for all 
aspects of the work, ensuring that questions related to the accuracy or in-
tegrity of any part of the work are appropriately investigated and resolved.

Availability of data. Merck Sharp & Dohme Corp’s data-sharing 
policy, including restrictions, is available at http://engagezone.msd.com/
ds_documentation.php. Requests for access to the clinical trial data can 

be submitted through the EngageZone site or via email to dataaccess@
merck.com.

References
1. Magill  SS, Edwards  JR, Bamberg  W, et  al; Emerging Infections Program 

Healthcare-Associated Infections and Antimicrobial Use Prevalence Survey 
Team. Multistate point-prevalence survey of health care-associated infections. N 
Engl J Med 2014; 370:1198–208.

2. McDonald  LC, Gerding  DN, Johnson  S, et  al. Clinical practice guidelines for 
Clostridium difficile infection in adults and children: 2017 update by the Infectious 
Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of 
America (SHEA). Clin Infect Dis 2018; 66:987–94.

3. Louie  TJ, Miller  MA, Mullane  KM, et  al; OPT-80-003 Clinical Study Group. 
Fidaxomicin versus vancomycin for Clostridium difficile infection. N Engl J Med 
2011; 364:422–31.

4. Cornely  OA, Crook  DW, Esposito  R, et  al; OPT-80-004 Clinical Study Group. 
Fidaxomicin versus vancomycin for infection with Clostridium difficile in Europe, 
Canada, and the USA: a double-blind, non-inferiority, randomised controlled 
trial. Lancet Infect Dis 2012; 12:281–9.

5. Sheitoyan-Pesant  C, Abou  Chakra  CN, Pépin  J, et  al. Clinical and healthcare 
burden of multiple recurrences of Clostridium difficile infection. Clin Infect Dis 
2016; 62:574–80.

6. Bauer  MP, Notermans  DW, van  Benthem  BH, et  al; ECDIS Study Group. 
Clostridium difficile infection in Europe: a hospital-based survey. Lancet 2011; 
377:63–73.

7. Lessa FC, Mu Y, Bamberg WM, et al. Burden of Clostridium difficile infection in 
the United States. N Engl J Med 2015; 372:825–34.

8. Shivashankar  R, Khanna  S, Kammer  PP, et  al. Clinical predictors of recurrent 
Clostridium difficile infection in out-patients. Aliment Pharmacol Ther 2014; 
40:518–22.

9. Morrison RH, Hall NS, Said M, et al. Risk factors associated with complications 
and mortality in patients with Clostridium difficile infection. Clin Infect Dis 2011; 
53:1173–8.

10. Bassetti  M, Villa  G, Pecori  D, et  al. Epidemiology, diagnosis and treatment of 
Clostridium difficile infection. Expert Rev Anti Infect Ther 2012; 10:1405–23.

11. Keddis MT, Khanna S, Noheria A, et al. Clostridium difficile infection in patients 
with chronic kidney disease. Mayo Clin Proc 2012; 87:1046–53.

12. Mullane KM, Cornely OA, Crook DW, et al. Renal impairment and clinical out-
comes of Clostridium difficile infection in two randomized trials. Am J Nephrol 
2013; 38:1–11.

13. Deshpande A, Pasupuleti V, Thota P, et al. Risk factors for recurrent Clostridium 
difficile infection: a systematic review and meta-analysis. Infect Control Hosp 
Epidemiol 2015; 36:452–60.

0.5

0.4

Bezlo
Placebo

0.3

0.2

C
um

ul
at

iv
e 

ra
te

 o
f 

re
cu

rr
en

ce

0.1

0.0
0

No. at Risk

Kaplan-Meier rate estimates
(95% CI), %

Week 0 Week 4 Week 8 Week 12
Bezlo
Placebo

353
377

292
254

12.8 (9.3 to 16.3)
28.4 (23.8 to 33.0)

261
228

18.0 (13.9 to 22.1)
33.8 (29.0 to 38.7)

20.6 (16.3 to 25.0)
37.7 (32.7 to 42.7)

162
122

Bezlo
Placebo

4
Weeks Postinfusion

8 12

Figure 2. Time to Clostridioides difficile infection recurrence by treatment allocation in participants with renal dysfunction.

http://engagezone.msd.com/ds_documentation.php
http://engagezone.msd.com/ds_documentation.php


8 • ofid • Golan et al

14. Thongprayoon  C, Cheungpasitporn  W, Phatharacharukul  P, et  al. Chronic 
kidney disease and end-stage renal disease are risk factors for poor outcomes of 
Clostridium difficile infection: a systematic review and meta-analysis. Int J Clin 
Pract 2015; 69:998–1006.

15. Wilcox  MH, Gerding  DN, Poxton  IR, et  al; MODIFY I  and MODIFY II 
Investigators. Bezlotoxumab for prevention of recurrent Clostridium difficile in-
fection. N Engl J Med 2017; 376:305–17.

16. Akiyama S, Yamada A, Komaki Y, Komaki F, Micic D, Sakuraba A. Efficacy and 
safety of monoclonal antibodies against Clostridioides difficile toxins for preven-
tion of recurrent Clostridioides difficile infection: a systematic review and meta-
analysis. J Clin Gastroenterol 2020. 

17. Gerding DN, Kelly CP, Rahav G, et al. Bezlotoxumab for prevention of recurrent 
Clostridium difficile infection in patients at increased risk for recurrence. Clin 
Infect Dis 2018; 67:649–56.

18. Levey  AS, Coresh  J, Greene  T, et  al; Chronic Kidney Disease Epidemiology 
Collaboration. Using standardized serum creatinine values in the modification of 

diet in renal disease study equation for estimating glomerular filtration rate. Ann 
Intern Med 2006; 145:247–54.

19. Miettinen O, Nurminen M. Comparative analysis of two rates. Stat Med 1985; 
4:213–26.

20. Phatharacharukul  P, Thongprayoon  C, Cheungpasitporn  W, et  al. The risks of 
incident and recurrent Clostridium difficile-associated diarrhea in chronic kidney 
disease and end-stage kidney disease patients: a systematic review and meta-
analysis. Dig Dis Sci 2015; 60:2913–22.

21. Abdelfatah  M, Nayfe  R, Nijim  A, et  al. Factors predicting recurrence of 
Clostridium difficile infection (CDI) in hospitalized patients: retrospective study 
of more than 2000 patients. J Investig Med 2015; 63:747–51.

22. Yousuf K, Saklayen MG, Markert RJ, et al. Clostridium difficile-associated diarrhea 
and chronic renal insufficiency. South Med J 2002; 95:681–3.

23. Wetmore JB, Li S, Molony JT, et al. Insights from the 2016 peer kidney care initi-
ative report: still a ways to go to improve care for dialysis patients. Am J Kidney 
Dis 2018; 71:123–32.


