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Background. Bezlotoxumab significantly reduces the incidence of recurrent Clostridioides difficile infection (CDI); however, 
limited data are available in solid organ transplant (SOT) and hematopoietic cell transplant (HCT) recipients.

Methods. We conducted a single-center retrospective analysis comparing recurrent CDI in SOT and HCT recipients receiving 
standard of care alone (oral vancomycin, fidaxomicin, or metronidazole) or bezlotoxumab plus standard of care. The primary out-
come was 90-day incidence of recurrent CDI, and secondary outcomes included 90-day hospital readmission, mortality, and inci-
dence of heart failure exacerbation.

Results. Overall, 94 patients received bezlotoxumab plus standard of care (n = 38) or standard of care alone (n = 56). The mean age 
was 53 years; patients had a median of 3 prior Clostridioides difficile episodes and 4 risk factors for recurrent infection. Most patients were 
SOT recipients (76%), with median time to index CDI occurring 2.7 years after transplantation. Ninety-day recurrent CDI occurred in 
16% (6/38) in the bezlotoxumab cohort compared to 29% (16/56) in the standard of care cohort (P = .13). Multivariable regression re-
vealed that bezlotoxumab was associated with significantly lower odds of 90-day recurrent CDI (odds ratio, 0.28 [95% confidence interval, 
.08–.91]). There were no differences in secondary outcomes, and no heart failure exacerbations were observed.

Conclusions. In a cohort of primarily SOT recipients, bezlotoxumab was well tolerated and associated with lower odds of recur-
rent CDI at 90 days. Larger, prospective trials are needed to confirm these findings among SOT and HCT populations.
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Clostridioides (formerly Clostridium) difficile infection (CDI) is 
a common hospital-acquired infection associated with a high 
incidence of recurrent disease (rCDI) [1]. Solid organ trans-
plant (SOT) and hematopoietic cell transplant (HCT) recipients 

are at particularly high risk of CDI compared to the general 
population owing to greater exposure to surgical procedures, 
antimicrobials, immunosuppression, and health care contact 
[2–4]. Transplant recipients additionally experience greater se-
verity of disease once infected. Fulminant CDI, for example, 
is estimated at 15% in SOT recipients, 2-fold higher than the 
general population [4, 5]. The sequelae of rCDI are more se-
vere among transplant populations as infections within 1 year 
posttransplantation are associated with graft loss and a signif-
icant increase in mortality [2, 6–8]. Additionally, risk of recur-
rence increases with each successive episode, whereby SOT and 
HCT patients are at incrementally higher risk for adverse out-
comes with each CDI event [9]. Due to the disproportionate 
burden of CDI on transplant recipients, therapeutic strategies 
to prevent rCDI are needed to limit morbidity and mortality in 
this population.

Bezlotoxumab (BEZ) is a monoclonal antibody directed at 
C. difficile toxin B that has been shown to prevent rCDI [10]. 
Current American Society of Transplantation (AST) Infectious 
Diseases Community of Practice guidelines for the treatment 
of CDI in SOT recipients recommend bezlotoxumab, in com-
bination with standard of care (SoC) CDI antibiotics, for the 
prevention of rCDI [11]. These recommendations, however, are 
based on limited data from the Bezlotoxumab for Prevention 
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KEY POINTS

Solid-organ and hematopoietic-cell transplant recipients 
are at high risk for recurrent Clostridioides difficile infection 
(CDI) and poor outcomes associated with these infections. 
On multivariable analysis, bezlotoxumab significantly re-
duced the incidence of recurrent CDI in this high-risk 
population.
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of Recurrent Clostridium difficile Infection (MODIFY I and II) 
randomized controlled approval trials and retrospective studies 
conducted in nontransplant populations [12–15]. This study 
sought to further evaluate the effectiveness and safety of BEZ 
as an adjunctive therapy to SoC antibiotics for the prevention of 
rCDI in SOT and HCT recipients.

MATERIALS AND METHODS

Study Design and Population

This was a retrospective cohort study conducted at the 
University of Colorado Hospital (UCH), an academic ter-
tiary care center with approximately 700 inpatient beds. 
Patients admitted to UCH between January 2015 and 
November 2019 meeting the following criteria were eligible 
for inclusion: (1) age 18–89 years; (2) history of SOT or HCT; 
(3) CDI diagnosis as documented by positive C. difficile pol-
ymerase chain reaction (PCR) results and new onset of clini-
cally significant diarrhea, as defined in AST guidelines [11]; 
(4) treatment with SoC CDI antibiotics (oral vancomycin 
[VAN], fidaxomicin [FDX], or metronidazole [MTZ]); and 
(5) follow-up visit documented ≥90  days after completion 
of therapy. Patients in the SoC cohort were treated with SoC 
CDI therapy between January 2015 and June 2017, a period 
immediately prior to BEZ availability at UCH. Patients in 
the BEZ cohort were treated with BEZ, in addition to SoC 
antibiotics, at a UCH-associated facility between November 
2017 and November 2019. BEZ was dosed according to an 
institutional protocol at 10  mg/kg of actual bodyweight 
(or adjusted bodyweight if actual bodyweight was >30% 
over ideal bodyweight). Doses were capped at a maximum 
dose of 1000  mg (1 vial) for all patients. Select vulnerable 
populations (pregnant, incarcerated, age >89 years, and age 
<18 years) were excluded in accordance with local institu-
tional review board ethics requirements. This study was ap-
proved by the Colorado Multiple Institutional Review Board 
prior to study initiation.

Clinical Data Extraction

Patient demographic, clinical, and treatment characteristics 
were abstracted from the electronic medical record using 
REDCap (Research Electronic Data Capture, Vanderbilt 
University), a structured data collection tool hosted at the 
University of Colorado [16]. Infection-related characteristics, 
such as time from transplant to CDI, presence of prior CDI, 
CDI complications, and presence of rCDI risk factors, such 
as age ≥65 years, broad-spectrum antibiotic receipt, proton 
pump inhibitor use, presence of proteinuria, and severe CDI 
episode, were also collected. Treatment information col-
lected included antibiotic regimen, antibiotic duration, and 
adjunctive therapies for rCDI such as probiotics, rifaximin, 
toxin-binding agents, intravenous immunoglobulin, and 

fecal microbiota transplant (FMT). Combination therapy for 
CDI was defined as overlapping receipt of oral (PO) VAN, 
FDX, or MTZ for any indication. Sequential therapy for CDI 
was defined as a switch in therapy from one anti-CDI agent 
to another. Extended-duration CDI therapy was defined as 
receipt of CDI antibiotics for >14  days [11]. The Charlson 
Comorbidity Index (CCI) and Zar score were calculated for 
each patient to estimate mortality risk and CDI severity at 
time of diagnosis, respectively [17, 18].

Outcomes

The primary endpoint was incidence of rCDI at 90  days 
after completion of CDI antibiotics. rCDI was defined as 
new onset of clinically significant diarrhea, as defined in 
AST guidelines [11], accompanied by initiation of treatment 
with PO VAN or FDX within 90 days after initial comple-
tion of CDI therapy at the discretion of the treating phy-
sician. Confirmatory C. difficile PCR was not required due 
to previously published reports of high rates of repeat pos-
itive tests several weeks after completion of initial therapy, 
even in the absence of active infection [19]. Completion of 
CDI therapy in patients on tapered/pulsed or prophylactic 
regimens was defined as the cessation of anti-CDI therapy. 
Prophylactic PO VAN or FDX was not considered as a crite-
rion for rCDI. Secondary effectiveness outcomes were rCDI 
at 30 days, and all-cause hospital readmission and all-cause 
mortality at 90  days. Safety outcomes assessed included 
the incidence of BEZ infusion-related reactions, and heart 
failure exacerbations among patients with a preexisting di-
agnosis of heart failure. Infusion-related reactions were de-
fined as any reaction occurring during BEZ administration 
that was, in the opinion of the treating physician, related 
to medication administration requiring discontinuation of 
the infusion. Heart failure exacerbation was defined as new 
volume overload after BEZ infusion requiring intervention. 
Efficacy outcomes included patients who received the entire 
BEZ infusion, whereas safety analyses included all patients 
who received any BEZ administration.

Statistical Analysis

We determined that a sample size of 118 patients per group 
would be required to achieve a statistical power of 80% to detect 
a 50% relative difference in rCDI at 90 days using an α = .05. We 
projected an event rate of 30% in the SoC cohort based on pre-
viously published literature and an event rate of 15% in the BEZ 
cohort using data from controlled clinical trials and limited ret-
rospective data [6, 11–15].

Patient characteristics were compared between the BEZ and 
SoC cohorts using χ 2 /Fisher exact and independent sample t tests/
Mann-Whitney U tests based on the nature of the data. P values 
were considered significant at <.05. A  priori subgroup analyses 
were performed excluding patients who were treated with MTZ 
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monotherapy, in accordance with treatment guideline updates 
owing to higher incidence of rCDI with MTZ-treated patients com-
pared to VAN- or FDX-treated patients [11]. SOT and HCT recipi-
ents were also analyzed individually. Additional subgroup analyses 
among BEZ recipients investigated timing of BEZ administration, 
CDI antibiotic treatment duration, and subject bodyweight. To con-
trol for confounding, multivariable analysis was performed using 
binary logistic regression. To identify factors associated with the 
primary outcome, variables with a P value <.2 on univariate anal-
ysis and those with clinical importance were considered for inclu-
sion into a multivariable model using backward stepwise approach. 
Variables considered of clinical importance to the primary outcome 
were patient bodyweight, number of prior CDI episodes, SoC antibi-
otic treatment, duration of CDI antibiotic treatment, number of risk 
factors for rCDI, age ≥65 years, receipt of concomitant broad-spec-
trum antibiotics, presence of severe CDI, proton pump inhibitor 
use, BEZ receipt, and history of a prior CDI episode. Analyses were 
conducted using JMP Pro, version 15 software (SAS Institute, Cary, 
North Carolina).

RESULTS

Baseline Characteristics

Of 649 screened patients, 39 patients in BEZ and 56 in SoC met 
study inclusion (Figure 1). The mean age was 53 (standard de-
viation, 15) years, and the majority were male (56%). Baseline 
characteristics were well-matched between cohorts with respect 
to age, sex, race, and comorbid conditions (Table 1). Patients 
had a median of 3 (interquartile range [IQR], 2–3) prior 
CDI episodes and the index CDI episode analyzed occurred 
at a median of 2.7 (IQR, 0.4–7.5) years posttransplantation. 
Hospitalization within the previous 30 days (55% BEZ vs 36% 
SoC, P = .09) and antibiotic receipt within the previous 90 days 
(87% BEZ vs 80% SoC, P = .60) of the index CDI episode were 
common in both groups. The 2 cohorts had similar number 
of risk factors for rCDI, with a median of 4 (IQR, 3–5) and 4 
(IQR, 3–4) risk factors in the BEZ and SOC cohorts, respec-
tively (P = .36). Among BEZ recipients, there was a higher 
proportion of patients with prior CDI (71% vs 35%, P < .01) 
and SOT receipt (92% vs 68%, P < .01), while the SoC cohort 

Screened
(n = 649)

BEZ
Safety cohort

(n = 39)

BEZ e�ectiveness
cohort
(n = 38)

SoC e�ectiveness
cohort
(n = 56)

Received BEZ
(n = 66)

• Not a transplant recipient (n = 21)
• Received at outside facility (n = 4)
• Inadequate follow up (n = 2)

Excluded (n = 27)

• Infusion-related reaction (n = 1)
Excluded (n = 1)

• Not a transplant recipient
  (n = 527)

Excluded (n = 527)

Received SoC
(n = 583)

Figure 1. Patient selection diagram. Abbreviations: BEZ, bezlotoxumbab; SoC, standard of care.
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had a higher proportion of HCT receipt (8% vs 32%, P < .01). 
The incidence of severe CDI (Zar score ≥2) was more common 
among SoC (13% vs 32%, P = .04), mainly due to a higher inci-
dence of intensive care unit admission at time of CDI diagnosis 
among SoC compared to BEZ.

Treatments

PO VAN was the predominant CDI treatment (86%), which was 
similar between cohorts (P = .99; Table 2). FDX use was more 
common among BEZ recipients (34% vs 11%, P = .01) while 
combination therapies (mostly PO VAN + intravenous MTZ) 

were more common among SoC recipients (13% vs 41%, P = .01). 
The median duration of CDI therapy was longer in the BEZ co-
hort (27 days vs 17 days, P = .03) largely due to higher incidence 
of tapered CDI regimens and prophylactic PO VAN use. Among 
BEZ recipients, median time to BEZ administration from CDI 
treatment initiation was 25 (IQR, 13–40) days. Fourteen (37%) 
patients received BEZ after completing CDI treatment.

Outcomes

In unadjusted analysis, no difference was observed in the pri-
mary outcome of 90-day rCDI between BEZ recipients, com-
pared to SoC recipients (16% vs 29%, P = .13). Neither 30-day 

Table 1. Patient Baseline Characteristics

Variable
BEZ

(n = 38)
SoC

(n = 56) P value

Age, mean years (SD) 51 (14) 53 (15) .70

Male sex, n (%) 21 (55) 32 (57) .99

Weight, mean kg (SD) 75 (18) 77 (25) .70

 Obese (BMI ≥ 30), n (%) 7 (18) 12 (21) .80

Race, n (%)

 White 27 (71) 39 (70) .99

 African American 1 (2.6) 5 (9) .40

 Hispanic 9 (24) 9 (16) .40

 Other 1 (2.6) 3 (5) .60

Comorbidities, n (%)

 Diabetes mellitus 14 (37) 23 (41) .80

  HbA1C, median % (IQR) 6.9 (5.7–7.9) 6 (5.6–7.8) .40

 Chronic kidney disease 4 (11) 11 (20) .30

  Intermittent hemodialysis 3 (8) 3 (5) .70

 Cirrhosis 6 (16) 8 (14) .99

 Heart failure 5 (13) 7 (13) .99

 Malignancy (solid tumor or hematological) 6 (16) 24 (43) .01

 Inflammatory bowel disease 4 (11) 6 (11) .99

 Peptic ulcer disease 3 (8) 9 (16) .30

Charlson Comorbidity Index, median (IQR) 4 (2–5) 4 (2–6) .40

Transplant type, n (%)

 Hematopoietic 3 (8) 18 (32) .01

 Solid organ 35 (92) 38 (68) < .01

  Kidney 19 (50) 8 (14) < .01

  Liver 7 (18) 17 (30) .20

  Heart 6 (16) 5 (9) .30

  Lung 0 3 (5) .27

  Multi–organ 3 (8) 5 (9) .99

Induction with any of the following, n (%)

 Anti-thymocyte globulin 12 (32) 9 (16) .08

 Basiliximab 1 (3) 3 (5) .60

 Daclizumab 1 (3) 0 .40

 Alemtuzumab 0 1 (2) .99

Time from transplant to index CDI episode, median days (IQR) 1073 (198–2326) 1003 (46–3357) .50

Hospitalization in past 30 days, n (%) 21 (55) 20 (36) .09

Number of lifetime CDI episodes, median (IQR) 3 (2–4) 2 (1–3) .02

Exposure to antibiotics not used in treatment of CDI in preceding 90 days, n (%) 33 (87) 45 (80) .60

Prior fecal microbiota transplant, n (%) 5 (13) 3 (5) .26

 Number of treatments, median (IQR) 2 (1–3) 2 (1–3) .90

Data are presented as No. (%) unless otherwise indicated. IQR represents values in the 25th to 75th percentile.

Abbreviations: BMI, body mass index; HbA1c, hemoglobin A1c; BEZ, bezlotoxumab; IQR, Interquartile Range; SD, standard deviation; SoC, standard of care.
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nor 90-day incidence of all-cause mortality or all-cause hos-
pital readmission were different between cohorts (Table 3).  
Median time to rCDI also did not differ between cohorts 

(40 days vs 36 days, P = .80). Overall, BEZ was well-tolerated 
with 1 (2.6%) instance of infusion-related nausea and vomiting 
that required cessation of BEZ administration; this patient was 

Table 3. Outcomes

Outcome
BEZ  

(n = 38)
SoC  

(n = 56) P Value

CDI recurrence, No. (%)

 30 d 4 (11) 8 (14) .76

 90 d 6 (16) 16 (29) .13

Death, No. (%)

 30 d 0 3 (5) .27

 90 d 0 3 (5) .27

Hospital readmission, No. (%)

 30 d 9 (24) 19 (34) .29

 90 d 18 (47) 28 (50) .67

Heart failure exacerbation among those with baseline heart failure diagnosis, No. (%) 0 2 (8) .49

 Abbreviations: BEZ, bezlotoxumab; CDI, Clostridioides difficile infection; SoC, standard of care.

Table 2. Clostridioides difficile Infection Characteristics

Variable
BEZ

(n = 38)
SoC

(n = 56) P value

Zar score, median (IQR) 0 (0–1) 1 (0–2) .08

Complicated infection, n (%)

 ICU admission 1 (3) 12 (21) .01

 Ileus 1 (3) 2 (4) .99

 Toxic megacolon 0 0 .99

 Shock 1 (3) 6 (11) .20

 Pseudomembranous colitis 1 (3) 1 (2) .99

Surgical intervention for CDI episode, n (%) 0 0 .99

Index CDI episode treatment, n (%)a

 Vancomycin 33 (87) 48 (86) .99

 Fidaxomicin 13 (34) 6 (11) .01

 Metronidazole 4 (11) 26 (46) < .01

 Combination (> 1 treatments above) 5 (13) 22 (39) .01

Duration of CDI treatment, median (IQR) 27 (15–57) 17 (14–31) .03

 Extended CDI treatment (> 14 days), n (%) 28 (74) 29 (52) .05

  Tapering treatment regimen, n (%) 22 (58) 13 (23) < .01

  Prophylaxis, n (%) 8 (21) 4 (7) .06

Adjunctive CDI therapies, n (%)

 Probiotics 2 (5) 2 (4) .99

 Rifaximin 0 0 .99

 Toxin-binding agent 0 0 .99

 Intravenous Immunoglobulin 0 0 .99

 Fecal Microbiota Transplant 4 (11) 5 (9) .99

Risk factors for recurrence, n (%)

 Immunocompromised 38 (100) 56 (100) .99

 Age ≥ 65 years 10 (26) 12 (21) .58

 Concomitant antibiotic use after CDI episode 27 (71) 36 (64) .66

 Proton pump inhibitor use 15 (40) 34 (61) .04

 Proteinuria 17 (45) 31 (55) .31

 Severe CDI (Zar > 2) 5 (13) 18 (32) .04

 Prior CDI 30 (79) 29 (52) .01

Number of risk factors for recurrence, median (IQR) 4 (3–5) 4 (3–4) .36

Data are presented as No. (%) unless otherwise indicated. IQR represents values in the 25th to 75th percentile.

Abbreviations: CDI, Clostridioides difficile Infection; BEZ, bezlotoxumab; IQR, interquartile range; SoC, standard of care.
aPatients may have received more than one agent, either sequentially or concomitantly (combination).
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not included in the effectiveness analysis. Among those with 
underlying heart failure, the incidence of heart failure exacer-
bation was rare, and similar between cohorts (0% BEZ vs 8% 
SoC, P = .50).

In a subgroup analysis of the primary outcome excluding 5 
patients treated with MTZ monotherapy (all from the SoC co-
hort), 90-day rCDI was 16% (6/38) BEZ vs 31% (16/51) SoC 
(P = .15). Among SOT recipients, 90-day rCDI was 14% (5/35) 
BEZ vs 25% (9/36) SoC, whereas 90-day rCDI among HCT re-
cipients was 33% (1/3) BEZ vs 39% (7/18) SoC (P = .26 and 
P = .99, respectively). Among BEZ recipients, there was no dif-
ference in rCDI when comparing BEZ administration during 
(5/24 [21%]) or after (1/14 [7%]) CDI treatment (P = .40). 
Similarly, no difference was demonstrated with standard (3/10 
[30%]) or extended-duration (3/28 [11%]) CDI treatment 
(P = .30). With respect to institutional practices of capping 
doses to a maximum of 1000 mg, subject bodyweight >100 kg 
(0/3) or <100 kg (6/35 [17%]) did not impact BEZ effectiveness 
(P = .99).

In a multivariable analysis of 90-day rCDI incidence in the 
total population, BEZ was associated with 72% lower odds of 
rCDI compared to those who did not receive BEZ (odds ratio, 
0.28 [95% CI, .08–.91]; P = .03). Number of prior CDI episodes 
was also independently associated with greater odds of rCDI 
(Table 4).

DISCUSSION

This real-world analysis of BEZ represents the first analysis 
conducted in a transplant patient population consisting of 
SOT and HCT recipients. In unadjusted analysis, this study ob-
served a nonsignificant trend toward lower 90-day rCDI with 
the addition of BEZ to SoC and upon multivariable analysis, 
BEZ was associated with 72% lower odds of rCDI at 90 days. 
rCDI incidence at 90  days in BEZ-treated and SoC-treated 
patients were similar to rates published in previous trials [12, 
13]. Immunocompromised patient populations are underrep-
resented in previously published reports, constituting approx-
imately 20% and 40% of the MODIFY I/II and 2 real-world 
experience studies [12–15], respectively. Previous studies also 
do not delineate specific immunocompromising conditions, so 
it is unclear how many of these patients were SOT or HCT re-
cipients. Overall, findings herein suggest that high-risk SOT/
HCT recipients may derive benefit from BEZ.

Patients in this study possessed more risk factors for rCDI 
than previous trials, with >50% of patients having 4 or more 
risk factors for recurrence. Additionally, many had multiple 
prior rCDI episodes and had failed numerous CDI treatment 
strategies (PO VAN, FDX, tapered CDI regimens, FMT) prior 
to BEZ administration. Our findings in a cohort of patients with 
a median of 3 prior CDI episodes are promising given compa-
rable rates of rCDI to the MODIFY trials, where a substantial 
percentage of patients (28%) were treated with BEZ during the 
initial CDI episode and would be considered lower risk for re-
currence than a patient with multiple recurrences [12]. These 
data suggest benefit of BEZ during either an initial or subse-
quent episode of CDI in SOT/HCT recipients, a population in 
which CDI is associated with increased morbidity and mortality.

No difference was seen in all-cause mortality or all-cause 
hospital readmission. Hospital readmission is difficult to at-
tribute to CDI alone, and rates of all-cause hospital readmis-
sion may have been unrelated to CDI, which may have limited 
our ability to detect a difference in this outcome if one was 
present. Nevertheless, it is possible that CDI-associated mor-
tality and CDI-related hospital readmissions could be reduced 
by preventing subsequent CDI episodes with the use of BEZ, 
although neither of these outcomes have been reported in pre-
vious publications. Additionally, given poor graft outcomes for 
SOT recipients in association with CDI, it is plausible that rCDI 
prevention through BEZ use could impact graft survival as well. 
These hypotheses warrant further investigation.

In the MODIFY trials, patients were administered BEZ at a 
median of 3 days after initiation of CDI-directed antibiotics. In 
contrast, in this study patients were administered BEZ at a me-
dian of 25 days after CDI treatment initiation due to relatively 
long median hospital length of stay, reimbursement concerns 
with inpatient administration, and insurance prior authoriza-
tion requirements and scheduling considerations for outpatient 
infusion. Additionally, many patients were administered BEZ 
after CDI treatment had been completed, which is outside of 
the dosing window studied in the MODIFY trials and dosing 
recommendations provided in the BEZ package insert [10]. 
BEZ administration within or after the typical CDI treatment 
period did not appear to affect BEZ effectiveness in prevention 
of rCDI (21% during vs 7% after). This demonstrates the need 
for further study in BEZ administration timing, secondary to 
the multiple challenges that accompany timely BEZ use in the 
real world.

Overall, BEZ was well-tolerated in this cohort. Out of 39 BEZ 
recipients, 1 recipient experienced nausea and vomiting during 
BEZ administration leading to discontinuation. In the MODIFY 
trials, infusion-related reactions occurred in 10% of patients, yet 
necessitated stopping medication administration in only 0.1% of 
recipients. The BEZ package insert additionally lists a precaution 
for increased incidence of heart failure exacerbation. In patients 
with a history of congestive heart failure, 12.7% of BEZ-treated 

Table 4. Results of Multivariable Analysis of Factors Associated With 
90-Day Clostridioides difficile Infection Recurrence

Variable Odds Ratio (95% CI) P Value

No. of prior CDI episodes 1.48 (1.12–1.95) .01

Bezlotoxumab receipt 0.28 (.08–.91) .03

Receipt of concomitant antibiotics 1.82 (.57–5.84) .31

Abbreviations: CDI, Clostridioides difficile infection; CI, confidence interval.
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patients and 4.8% of placebo-treated patients experienced a heart 
failure exacerbation during the 12-week MODIFY study period 
and BEZ recipients experienced higher rates of death (19.5%) com-
pared to placebo-treated patients (12.5%). No cases of heart failure 
exacerbation or death were identified in this cohort at 90 days and 
similarly, no cases have been reported in the 2 previously pub-
lished real-world studies in nontransplant populations [14, 15]. 
The safety profile of BEZ compared to FMT positions the agent as 
a preferred treatment option for prevention of rCDI in immuno-
compromised populations, particularly given recent US Food and 
Drug Administration warnings concerning lethal donor-derived 
infections [20]. Overall, the small sample size and relatively low 
incidence of safety events likely limited our ability to detect a dif-
ference between cohorts if one was present.

Our retrospective study has important limitations that must be 
considered. First, the study was underpowered for the primary 
and secondary outcomes, and these findings should be considered 
exploratory, although analyses of immunocompromised patients 
from prior studies demonstrated comparable rates of rCDI as 
described herein [12, 13]. Second, the BEZ cohort was studied 
at a time period after the SoC cohort to avoid both therapy op-
tions being available to limit selection bias, and it is plausible that 
improvements in the management of CDI occurred in the latter 
period. Certainly, updates made to the Infectious Diseases Society 
of America practice guidelines in 2017 affected MTZ and FDX 
use between our cohorts [21]; however, only 9% of the SoC co-
hort received MTZ monotherapy and subgroup analysis excluding 
these patients revealed similar findings as the overall population 
analysis. Additionally, subgroup analyses of MODIFY I/II demon-
strated similar BEZ efficacy regardless of the SoC antibiotic used, 
and previous data in the HCT population suggest similar benefit 
among MTZ, PO VAN, and FDX use for the prevention of rCDI 
[22–24]. Third, BEZ-treated patients received a longer duration of 
CDI therapy, which was a result of patients receiving prophylaxis 
during broad-spectrum antibiotic courses and tapering regimens 
with multiple recurrent CDI. Nevertheless, incidence of rCDI did 
not differ between standard-duration or extended-duration CDI 
therapy. Fourth, neither confirmatory enzyme immunoassay or 
PCR was required to diagnose rCDI and this distinction was based 
solely on new onset of clinically significant diarrhea and initiation 
of CDI-active antibiotics. While this may have overcalled rCDI in-
cidence, this represents real-world practice where clinicians may 
wish to treat based on high clinical suspicion in a vulnerable pa-
tient population. Fifth, only 3 HCT patients were treated with BEZ 
in this study, and therefore these findings may not be generalizable 
to the HCT population. Indeed, differences in the degree of immu-
nosuppression and disease-specific factors between SOT and HCT 
populations could lead to differential treatment effects. Further 
studies, specific to this population, are needed.

BEZ appeared effective and well-tolerated in a high-risk 
transplant cohort and could be considered adjunctively for 

prevention of rCDI, particularly for those with previous failure 
of other preventive strategies. These data are promising and 
warrant further investigation of BEZ among SOT/HCT re-
cipients, as well as transplant-specific outcomes, including 
the impact on rejection and graft survival. Important ques-
tions remain regarding the optimal timing of BEZ administra-
tion, repeat dosing, prophylaxis, and adjunctive treatment for 
refractory CDI.
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