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Background.  The incidence of Clostridioides difficile infection (CDI) is reportedly higher and the cure rate lower in individuals 
with cancer vs those without cancer. An exploratory post hoc analysis of the MODIFY I/II trials (NCT01241552/NCT01513239) 
investigated how bezlotoxumab affected the rate of CDI-related outcomes in participants with cancer.

Methods.  Participants received a single infusion of bezlotoxumab (10  mg/kg) or placebo during anti-CDI antibacterial 
treatment. A post hoc analysis of CDI-related outcomes was conducted in subgroups of MODIFY I/II participants with and 
without cancer.

Results.  Of 1554 participants in the modified intent-to-treat (mITT) population, 382 (24.6%) were diagnosed with cancer 
(bezlotoxumab 190, placebo 192). Of participants without cancer, 591 and 581 received bezlotoxumab and placebo, respectively. 
In the placebo group, initial clinical cure (ICC) was achieved by fewer cancer participants vs participants without cancer (71.9% vs 
83.1%; absolute difference, –11.3%; 95% CI, –18.6% to –4.5%); however, CDI recurrence (rCDI) rates were similar in cancer (30.4%) 
and noncancer (34.0%) participants. In participants with cancer, bezlotoxumab treatment had no effect on ICC rate compared with 
placebo (76.8% vs 71.9%), but resulted in a statistically significant reduction in rCDI vs placebo (17.8% vs 30.4%; absolute difference, 
–12.6%; 95% CI, –22.5% to –2.7%).

Conclusions.  In this post hoc analysis of participants with cancer enrolled in MODIFY I/II, the rate of rCDI in bezlotoxumab-
treated participants was lower than in placebo-treated participants. Additional studies are needed to confirm these results.

Clinical Trial Registration.  MODIFY I (NCT01241552), MODIFY II (NCT01513239).
Keywords.   cancer; Clostridioides difficile; CDI recurrence; hematologic malignancy; solid tumor.

The incidence and severity of Clostridioides difficile infection 
(CDI) have markedly increased during the last 2 decades [1–3]. 
Although in the majority of cases antibiotic treatment for pri-
mary CDI is successful, CDI recurrence (rCDI) occurs in ~25% 
of CDI cases, with a 38%–45% probability of subsequent recur-
rences in those who have a first recurrence [4–9].

The rate of hospital-onset CDI is twice as high in those with 
cancer compared with individuals hospitalized for other condi-
tions [10, 11]. Furthermore, it has been reported that individuals 

with cancer have a lower cure rate and increased time to reso-
lution of diarrhea (TTROD) following firstline anti-CDI anti-
biotics (vancomycin or fidaxomicin [12]) compared with those 
without cancer [13]. These associations are likely due to altered 
gut microbiota due to frequent exposure to broad-spectrum 
antibiotics, anticancer drugs, increased exposure to C. difficile 
during prolonged hospitalizations, or simply immunosuppres-
sion [11, 14–18]. Cancer has also been associated with an in-
creased risk of in-hospital mortality in individuals with CDI 
and is an independent risk factor for rCDI [19, 20]. There is a 
need for novel therapies to prevent recurrence in this vulnerable 
population.

Bezlotoxumab (MK-6072) is a fully human monoclonal 
antibody against C.  difficile toxin B that has been approved 
by the US Food and Drug Administration and the European 
Medicines Agency to prevent rCDI in adults receiving anti-
CDI antibiotics and are at high risk of rCDI [21, 22]. In the 
MODIFY I and II Phase 3 trials, a single 10-mg/kg infusion of 
bezlotoxumab, alone or in combination with actoxumab, re-
duced rCDI over 12 weeks compared with placebo (absolute 
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reduction, 10%; relative reduction, 38%) [23]. Additional 
analyses showed that participants with ≥1 risk factor for 
rCDI (age ≥65  years; history of CDI in previous 6  months; 
compromised immunity; severe CDI [Zar score ≥2]; ribotype 
027, 078, or 244)  had more substantial reductions in rCDI 
(absolute reduction, 16%; relative reduction, 43%) and parti-
cipants with ≥3 risk factors for rCDI had the greatest extent 
of reduction (absolute reduction, 24.8%; relative reduction, 
54%) [24].

Using pooled data from MODIFY I/II, this post hoc explor-
atory analysis investigated how treatment with bezlotoxumab 
affected the rate of rCDI and CDI-related outcomes in parti-
cipants with cancer. To confirm the observations of a previous 
analysis that reported differences in CDI-related outcomes in 
patients with cancer vs with those without cancer [13], data 
from the MODIFY I/II placebo group were compared.

METHODS

Study Design

MODIFY I  (NCT01241552) and MODIFY II (NCT01513239) 
were randomized, double-blind, placebo-controlled, multicenter, 
phase 3 trials that were conducted from November 1, 2011, to 
May 22, 2015, across 322 sites in 30 countries [23]. The trial par-
ticipants were adults with primary or recurrent CDI who were 
receiving anti-CDI antibiotics (metronidazole, vancomycin, or 
fidaxomicin, chosen by the treating physician) with a planned 
10–14-day course [23]. CDI was defined as diarrhea (≥3 un-
formed bowel movement [types 5–7 on the Bristol Stool Scale] 
[25] in 24 hours) associated with a positive local laboratory stool 
test result for toxigenic C. difficile. Eligible participants were ran-
domly allocated in a 1:1:1:1 ratio to receive a single 60-minute 
infusion (received on study day 1)  of bezlotoxumab alone 
(10  mg/kg), actoxumab and bezlotoxumab (10  mg/kg each), 
actoxumab alone (10 mg/kg, MODIFY I only), or placebo (0.9% 
saline) [23] while they continued to receive anti-CDI antibiotics. 
Participants recorded their unformed bowel movements until 
80–90 days postinfusion and were instructed to collect a stool 
sample and return to the clinic if they experienced a return of 
diarrhea. Participants with active cancer and who were random-
ized to receive bezlotoxumab alone or placebo were included in 
the “cancer” subgroup of this post hoc analysis. Participants with 
active cancer were identified based on a review of conditions re-
ported on the medical history case report form for malignant 
solid tumors and hematologic malignancies that were identified 
by the investigator as ongoing at the time of randomization.

MODIFY I  and II were conducted in accordance with 
Good Clinical Practice guidelines and the provisions of the 
Declaration of Helsinki. The protocols and amendments 
were approved by the institutional review board or inde-
pendent ethics committee at each study site. Written in-
formed consent was provided by all participants before the 
trial began.

End Points and Analysis Populations

Initial clinical cure (ICC) was estimated in the modified intent-
to-treat (mITT) population and was defined as no diarrhea on 
the 2 consecutive days after completion of anti-CDI antibiotics 
administered for ≤16 calendar days. The initial clinical response 
was imputed as clinical failure if antibiotics were administered for 
>16 days. The mITT population included all randomized partici-
pants in the overall population of the MODIFY I/II trials who re-
ceived study infusion (bezlotoxumab or placebo), had a positive 
stool test at baseline for toxigenic C. difficile, and were receiving 
anti-CDI antibiotics at the time of or within 1 day after randomiza-
tion. In participants who achieved ICC (clinical cure population), 
rCDI was assessed and defined as a new episode of diarrhea (≥3 
unformed bowel movements within 24 hours), associated with a 
positive local or central laboratory stool test for toxigenic C. difficile 
within 12 weeks after infusion of study medication [23]. Sustained 
clinical cure (SCC) was defined as ICC of the baseline episode of 
C. difficile infection and no recurrent infection through 12 weeks. 
TTROD was defined as the time in days until the end of diarrhea 
during the baseline CDI episode (ie, time to the first of 2 days with 
≤2 loose stools in 24 hours). Rehospitalization within 30  days 
was assessed in participants who were inpatients at the time of 
randomization, were subsequently discharged, and then were 
rehospitalized within 30 days of discharge. Rehospitalizations were 
characterized as CDI-associated if due to rCDI or if rCDI occurred 
during rehospitalization. Adverse events (AEs), all-cause mortality 
at 12 weeks, and time to death were assessed in the all patients as 
treated (APaT) population, which included all randomized partici-
pants who received an infusion of study medication.

Statistical Analysis

The baseline demographics and clinical characteristics of par-
ticipants included in the mITT population were summarized 
descriptively unless otherwise specified for each treatment 
group by cancer and no-cancer subgroups. The rates of ICC, 
rCDI, and SCC and rate differences between the bezlotoxumab 
and placebo treatment groups and their 95% confidence inter-
vals (CIs), by cancer and no-cancer subgroups, were calculated 
based on Miettinen and Nurminen’s method [26]. The nonpa-
rametric Kaplan-Meier method was used to estimate the time to 
rCDI and TTROD and time to death for each of the treatment 
groups by cancer and no-cancer subgroups.

Other outcomes and AEs of interest during the 12-week fol-
low-up period were summarized descriptively using frequen-
cies and percentages for each treatment group by cancer- and 
no-cancer subgroups.

RESULTS

Baseline Demographics and Clinical Characteristics

The integrated mITT population from MODIFY I/II con-
sisted of 1554 participants, of whom 781 (50.3%) received 
bezlotoxumab and 773 (49.7%) received placebo. In total, 
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382 (24.6%) participants had cancer, including 107 (6.9%) 
with hematologic malignancy and 290 (18.7%) with solid 
tumors. Within the cancer subgroup, 190 (49.7%) and 192 
(50.3%) participants were treated with bezlotoxumab and 
placebo, respectively (Table  1; Supplementary Figure 1). Of 
the 1172 participants with no cancer, 591 (50.4%) and 581 
(49.6%) were randomized to receive bezlotoxumab and pla-
cebo, respectively. The proportions of participants with a solid 
tumor vs a hematologic malignancy were similar between 
the bezlotoxumab (solid tumor, 75.3%; hematological malig-
nancy, 27.9%) and placebo (solid tumor, 76.6%; hematological 
malignancy, 28.1%) groups (Table 1).

Participants in the cancer subgroup were more likely to have 
≥1 predefined risk factor for CDI compared with the no-cancer 
subgroup (bezlotoxumab, 89.5% vs 71.4%, respectively; placebo, 
81.8% vs 73.3%), including a higher proportion of elderly parti-
cipants (≥65 years: bezlotoxumab, 57.9% vs 47.4%, respectively; 
placebo, 59.4% vs 50.1%), a higher proportion with severe CDI 
(bezlotoxumab, 19.5% vs 14.4%, respectively; placebo, 22.9% vs 
13.9%), and a higher proportion of CDI due to a hypervirulent 
strain (bezlotoxumab, 26.4% vs 18.9%, respectively; placebo, 
31.5% vs 20.9%) (Table 1).

In both treatment groups, participants with cancer were more 
likely to discontinue from the study before the end of the 12-week 

Table 1.  Demographics and Clinical Characteristics (mITT Population)

 

Bezlotoxumab Placebo 

Cancer (n = 190),  
No. (%)

No Cancer (n = 591),  
No. (%)

Cancer (n = 192),  
No. (%)

No Cancer (n = 581),  
No. (%)

Clinical characteristics     

  Inpatient at randomization 149 (78.4) 381 (64.5) 144 (75.0) 376 (64.7)

  Female 98 (51.6) 344 (58.2) 99 (51.6) 350 (60.2)

  Mean age (SD), y 65.0 (16.0) 60.8 (18.5) 67.0 (12.9) 62.4 (18.6)

  Age ≥65 y 110 (57.9) 280 (47.4) 114 (59.4) 291 (50.1)

  Primary CDI 126 (66.3) 394 (66.7) 124 (64.6) 374 (64.4)

  ≥1 CDI episodes in past 6 mo 51 (26.8) 165 (27.9) 48 (25.0) 171 (29.4)

  1 previous CDI episode ever 34 (17.9) 116 (19.6) 26 (13.5) 106 (18.2)

  ≥2 previous CDI episodes ever 23 (12.6) 77 (13.1) 32 (17.6) 94 (16.4)

  Severe CDI (Zar score ≥2)a,b 37 (19.5) 85 (14.4) 44 (22.9) 81 (13.9)

  Immunocompromisedc 78 (41.1) 100 (16.9) 68 (35.4) 85 (14.6)

  Chemotherapy within 30 d before study 
randomization

54 (28.4) 39 (6.6) 39 (20.3) 28 (4.8)

  Chemotherapy during 12-wk follow-up 59 (31.1) 46 (7.8) 51 (26.6) 34 (5.9)

  Antibiotic during CDI treatmentd 91 (47.9) 155 (26.2) 81 (42.2) 195 (33.6)

  Antibiotic after CDI treatmentd 86 (45.3) 160 (27.1) 69 (35.9) 155 (26.7)

  ≥1 predefined risk factorse 170 (89.5) 422 (71.4) 157 (81.8) 426 (73.3)  
205 (35.3)  ≥2 predefined risk factorse 93 (48.9) 216 (36.5) 104 (54.2)

  Charlson Comorbidity Index ≥3 133 (70.0) 186 (31.5) 137 (71.4) 166 (28.6)

  Albumin <2.5 g/dL 31 (16.3) 70 (11.8) 37 (19.3) 66 (11.4)

Anti-CDI antibiotic     

  Metronidazole 97 (51.1) 282 (47.7) 85 (44.3) 289 (49.7)

  Vancomycin 85 (44.7) 287 (48.6) 98 (51.0) 275 (47.3)

  Fidaxomicin 8 (4.2) 22 (3.7) 9 (4.7) 17 (2.9)

PCR ribotypef     

  No. of participants with a positive stool 125 365 127 359

  027, 078, or 244 strain 33 (26.4) 69 (18.9) 40 (31.5) 75 (20.9)

  027 strain 29 (23.2) 60 (16.4) 35 (27.6) 65 (18.1)

Cancer type     

  Hematologic malignancy 53 (27.9) N/A 54 (28.1) N/A

  Received a stem cell transplant 8 (15.1) N/A 10 (18.5) N/A

  Solid tumor 143 (75.3) N/A 147 (76.6) N/A

Abbreviations: CDI, Clostridioides difficile infection; mITT, modified intent-to-treat; N/A, not applicable; PCR, polymerase chain reaction; WBC, white blood cell.
aPrespecified risk factor.
bBased on the following: (1) age >60 years (1 point); (2) body temperature >38.3°C (>100°F; 1 point); (3) albumin level <2.5 g/dL (1 point); (4) peripheral WBC count >15 000 cells/mm3 within 
48 hours (1 point); (5) endoscopic evidence of pseudomembranous colitis (2 points); and (6) treatment in an intensive care unit (2 points). 
cDefined on the basis of a participant’s medical history or use of immunosuppressive therapy. 
dSystemically bioavailable antibiotics not used to treat CDI. 
ePredefined risk factors for recurrence of CDI: CDI history in the past 6 months, severe CDI at baseline (Zar score ≥2), age ≥65 years, CDI due to hypervirulent strain (ribotypes 027, 078, or 
244), and/or immunocompromised. 
fDenominator is participants in the mITT population with a positive culture.
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follow-up period compared with participants without cancer 
(bezlotoxumab group, 18.9% vs 12.7%; placebo group, 23.4% vs 
13.9%, respectively). The most frequent reason for premature 
study discontinuation was death (Supplementary Figure 1).

Assessment of Potential Impact of Cancer as a Comorbidity on CDI-Related 
Outcomes

In the placebo group, the ICC rate was lower in participants 
with cancer vs those without cancer (71.9% vs 83.1%) (Figure 1), 
and a statistical difference was observed (absolute difference, 
–11.3%; 95% CI, –18.6% to –4.5%). The TTROD was longer 
for the cancer subgroup compared with the no-cancer sub-
group, but this trend was not significant (Supplementary Figure 
3). More than 80% of participants had resolved their diarrhea 
within 7 days of study infusion.

There was no difference in the rate of rCDI between pla-
cebo participants with cancer (30.4%) vs those without cancer 
(34.0%) (Figure  1). Moreover, there was no difference in the 
SCC rate (cancer, 50.0%; no cancer, 54.9%). However, among 
participants receiving placebo who experienced a recurrence 
during the 12-week follow-up period, a higher percentage of 
patients with cancer (19.0%) had a severe episode compared 
with patients without cancer (7.3%) (Supplementary Table 2).

While there was no difference in the 30-day CDI-associated 
hospital readmission rate in placebo participants with 
cancer (11.1%) compared with those without cancer (11.2%) 
(Figure  3), the overall rate of serious AEs (SAEs) during the 
12-week follow-up period was higher in participants with 
cancer compared with participants without cancer (45.6% vs 
28.4%) (Table 2). Similarly, the proportion of placebo partici-
pants with cancer who died within 90 days of study enrollment 
was significantly higher compared with those without cancer 
(cancer: Kaplan-Meier [KM] estimate, 15.5%; 95% CI, 10.2% to 
30.8%; no cancer: KM estimate, 5.5%; 95% CI, 3.6% to 7.4%) 
(Supplementary Figure 4).

Assessment of Potential Bezlotoxumab Impact on CDI-Related Outcomes 
in Participants With Cancer

The ICC rate in bezlotoxumab-treated cancer participants 
did not differ from that of placebo-treated cancer participants 
(76.8% vs 71.9%, respectively; absolute difference, 5.0%; 95% 
CI, –3.8% to 13.7%) (Figure 1). In contrast, a lower percentage 
of cancer participants treated with bezlotoxumab vs placebo ex-
perienced rCDI within 12 weeks of infusion of study medica-
tion (17.8% vs 30.4%, respectively; absolute difference, –12.6%; 
95% CI, –22.5% to –2.7%; number needed to treat = 8). The 
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Figure 1.  Proportion of participants with ICC, rCDI, and SCC stratified by treatment group in participants (A) with a cancer diagnosis and (B) without a cancer diagnosis. 
Abbreviations: CDI, Clostridioides difficile infection; CI, confidence interval; ICC, initial clinical cure; rCDI, recurrent Clostridioides difficile infection; SCC, sustained clinical cure.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
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cumulative rate of rCDI over the 12-week follow-up period, esti-
mated via the nonparametric Kaplan-Meier method, was lower 
in bezlotoxumab-treated participants vs placebo; however, this 
difference was not statistically significant (bezlotoxumab: KM 
estimate, 18.7%; 95% CI, 12.2% to 25.2%; placebo: KM estimate, 
32.9%; 95% CI, 24.7% to 41.2%) (Figure 2).

When stratified by solid tumor and hematologic malig-
nancy, a smaller percentage of participants who received 
bezlotoxumab: 20.4%, placebo: 29.5%, absolute difference: 
–9.2%, 95% CI, –20.7% to 2.5%; hematologic malignancy: 
bezloloxumab: 14.0%, placebo: 33.3%, absolute difference: 
–19.4%; 95% CI, –38.1% to –0.7%) (Supplementary Figure 2A 
and B). In the Kaplan-Meier analyses, the cumulative rate of 
rCDI in bezlotoxumab participants with hematologic malig-
nancy or solid tumor was lower vs placebo-treated groups (he-
matologic malignancy: bezlotoxumab 14.6%, placebo 35.1%; 
solid tumor: bezlotoxumab 21.4%, placebo 32.3%); however, 
the difference was not statistically significant in either group.

Participants receiving bezlotoxumab had higher rates of SCC 
compared with placebo (63.2% vs 50.0%, respectively; abso-
lute difference, 13.2%; 95% CI, 3.2% to 22.8%) (Figure 1). Of 
the participants with cancer who experienced rCDI during the 
study, fewer bezlotoxumab-treated participants had a recurrent 

episode that was classified as severe (Zar score ≥2) compared 
with those who received placebo (3.8% vs 19.0%, respectively) 
(Supplementary Table 2). A higher proportion of bezlotoxumab-
treated participants resolved the rCDI episode in ≤2  days 
(bezlotoxumab, 57.7%; placebo, 42.9%). Additionally, fewer 
bezlotoxumab-treated participants received a new course of an-
tibiotic treatment (vancomycin, metronidazole, or fidaxomicin) 
for the rCDI episode (bezlotoxumab, 42.3%; placebo, 71.4%).

The rate of CDI-associated 30-day rehospitalizations was 
lower in participants receiving bezlotoxumab compared with 
placebo (4.7% vs 11.1%; absolute difference, –6.4%; 95% CI, 
–13.2% to –0.3%) (Figure 3). Similar results were also observed 
in the solid tumor and hematologic malignancy subgroups 
(5.5% vs 10.2% and 4.3% vs 11.6%, respectively) (Supplementary 
Table 3).

The adverse event profile in participants with cancer was 
broadly similar in the bezlotoxumab and placebo groups 
(Table 2). However, the 90-day cumulative mortality rate was 
lower in those treated with bezlotoxumab compared with pla-
cebo, although this difference did not reach statistical signifi-
cance (bezlotoxumab: KM estimate, 10.6%; 95% CI, 6.1% to 
15.1%; placebo: KM estimate: 15.5%; 95% CI, 10.2% to 20.8%, 
respectively) (Supplementary Figure 4). Mortality rates by day 

Table 2.  Adverse Event Summary (APaT Population)

 

Bezlotoxumab Placebo 

Cancer, No. (%) No Cancer, No. (%) Cancer, No. (%) No Cancer, No. (%)

Participants in population 191 595 193 588

During the 24 h after infusion  

  Infusion-specific adverse reactiona 7 (3.7) 24 (4.0) 8 (4.1) 16 (2.7)

  Discontinued infusion due to adverse reaction 0 (0.0) 1 (0.2) 0 (0.0) 0 (0.0)

During the 4 wk after infusion  

  With ≥1 AEs 128 (67.0) 357 (60.0) 131 (67.9) 347 (59.0)

  With drug-related AEsb 19 (9.9) 40 (6.7) 10 (5.2) 36 (6.1)

  With serious AEs 55 (28.8) 101 (17.0) 58 (30.1) 109 (18.5)

  With serious drug-related AEs 2 (1.0) 1 (0.2) 0 (0.0) 0 (0.0)

  Who diedc 9 (4.7) 18 (3.0) 13 (6.7) 14 (2.4)

Most common AEd  

  Abdominal pain 12 (6.3) 22 (3.7) 11 (5.7) 23 (3.9)

  Diarrhea 12 (6.3) 35 (5.9) 10 (5.2) 35 (6.0)

  Nausea 12 (6.3) 40 (6.7) 13 (6.7) 26 (4.4)

  Vomiting 11 (5.8) 20 (3.4) 5 (2.6) 16 (2.7)

  Pyrexia 12 (6.3) 24 (4.0) 6 (3.1) 21 (3.6)

  Urinary tract infection 12 (6.3) 20 (3.4) 10 (5.2) 25 (4.3)

  Headache 7 (3.7) 28 (4.7) 6 (3.1) 18 (3.1)

During the 12 wk after infection  

  Serious AE 80 (41.9) 151 (25.4) 88 (45.6) 167 (28.4)

  With sepsise 16 (8.4) 18 (3.0) 14 (7.3) 31 (5.3)

  Who diede 20 (10.5) 34 (5.7) 28 (14.5) 31 (5.3)

Abbreviations: AE, adverse event; APaT, all patients as treated.
aAEs reported on the day of or day after infusion that were assessed by the investigator to be related to the study infusion. The investigator was unaware of the study group assignments. 
bAssessed by the investigator to be related to the drug.
cMortality was estimated at 30-day follow-up. 
dIncidence ≥4% in either treatment group reported during the first 4 weeks after infusion. 
eSepsis and mortality were estimated at 90-day follow-up.

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofaa038#supplementary-data
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90 after bezlotoxumab treatment compared with placebo in 
the solid tumor and hematologic malignancy subgroups were 
10.5% vs 15.6% and 9.3% vs 14.5%, respectively (Supplementary 
Table 3).

DISCUSSION

This post hoc analysis, which used pooled data from the MODIFY 
I/II trials, evaluated how treatment with bezlotoxumab affected 
the rate of rCDI and CDI-related outcomes in participants with 
and without cancer as a comorbid condition. A  comparison 

between participants with cancer and those without cancer was 
also undertaken using data from the placebo group to confirm 
previous findings that showed that some CDI-related outcomes 
are worse in patients with cancer [13].

In the placebo-treated group of MODIFY I/II, significantly 
fewer participants in the cancer group achieved ICC compared 
with participants without cancer (71.9% vs 83.1%, respectively), 
consistent with a previous report [13]. Moreover, the ICC rate 
observed in placebo-treated MODIFY I/II participants with 
cancer was comparable with that reported in participants with 
cancer in the vancomycin arm of 2 phase 3 randomized trials 
of fidaxomicin vs vancomycin for C.  difficile–associated diar-
rhea (71.9% and 74.0%, respectively), and, as in this analysis, 
these rates were lower than in the noncancer subgroup (83.1% 
and 88.7%, respectively) [13]. Similarly, the TTROD tended 
to be longer in placebo-treated participants with cancer com-
pared with those without cancer; however, the difference was 
not as pronounced as previously reported. This is likely be-
cause approximately half of participants in the MODIFY trials 
had resolved their diarrhea by the day of study infusion in both 
subgroups due to the anti-CDI antibiotic that had been given 
on average for 3  days before infusion. The rates of rCDI and 
SCC in the placebo group were similar in both the cancer and 
no-cancer subgroups.

In participants with cancer, bezlotoxumab treatment had 
no effect on the ICC rate compared with placebo; however, as 
the mode of action of bezlotoxumab consists of binding to and 
neutralizing C. difficile toxin B, resulting in the prevention of 
rCDI, a significant effect on the ICC rate was not expected. The 
rate of rCDI in participants receiving bezlotoxumab was lower 
compared with placebo participants. The time to rCDI over the 
12-week follow-up period was also lower in the bezlotoxumab 
treatment group compared with placebo; however, the differ-
ence was not statistically significant, which is likely due to the 
relatively small sample size. Compared with placebo, and con-
sistent with the observed lower rates of rCDI, bezlotoxumab-
treated participants with cancer experienced higher rates of 

0.0

0.1

0.2

0.3

0.4

No. at risk: KM estimates (95% CI)

146
479
138
483

115: 14.1 (8.4, 19.8)
399: 14.0 (10.9, 17.2)
99: 20.4 (13.5, 27.3)
335: 26.9 (22.9, 30.9)

105: 17.9 (11.5, 24.3)
356: 20.2 (16.5, 23.8)
84: 29.4 (21.5, 37.4)
299: 32.4 (28.2, 36.7)

59: 18.7 (12.2, 25.2)
217: 22.1 (18.3, 25.9)
41: 32.9 (24.7, 41.2)
167: 34.7 (30.4, 39.1)

840
Weeks Postinfusion

C
um

ul
at

iv
e 

R
at

e 
of

 C
D

I 
R

ec
ur

re
nc

e

12

Bezlotoxumab cancer
Bezlotoxumab no cancer
Placebo cancer
Placebo no cancer

Figure 2.  Time to rCDI stratified using the log-rank test by treatment group in 
participants with and without a cancer diagnosis (mITT population). The start date 
of rCDI was defined as the first day of a new episode of diarrhea. Time to event was 
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SCC and lower rates of CDI-associated 30-day rehospitalization. 
Interestingly, among participants with cancer who experienced 
rCDI during the 12-week follow-up period, fewer episodes were 
severe (Zar score ≥2), a larger proportion were of short dura-
tion (≤2  days), and fewer were treated with a new course of 
antibiotics in the bezlotoxumab group compared with placebo. 
Additional subgroup analyses revealed a nonsignificant trend 
for a lower cumulative rate of recurrent CDI in participants 
with hematologic malignancy or solid tumor.

As expected, the 12-week all-cause mortality rate was higher 
in participants with cancer compared with participants without 
cancer in both treatment groups. There was a nonsignificant 
trend for a lower cumulative mortality rate at 90  days in 
bezlotoxumab-treated participants with cancer (10.5%) com-
pared with placebo (14.5%).

In this post hoc analysis of the MODIFY trials, rCDI was 
experienced by 17.8% of bezlotoxumab-treated participants 
and 30.4% of placebo-treated participants with cancer as a co-
morbid condition. These cancer patients were more likely to 
have at least 1 risk factor for rCDI compared with those without 
cancer. These findings are consistent with previous research of 
individuals with cancer and CDI [20, 27] and support the need 
for effective treatments to prevent rCDI in these populations. 
The underlying malignancy, impaired immune response, and 
exposure to chemotherapy experienced by individuals with 
cancer may contribute to the incidence of CDI and subsequent 
recurrences [28]. Given the immunocompromised status of 
many individuals with cancer, treatment frequently includes 
concomitant systemic antimicrobial therapy, which further in-
creases their risk for CDI and rCDI [29].

As this study was not specifically designed and statistically 
powered to evaluate the effect of bezlotoxumab in participants 
with cancer, there are several limitations that should be con-
sidered when interpreting results from this subgroup analysis. 
The analyses were retrospective and included a relatively small 
population of participants with cancer. The cancer subgroup 
was imbalanced compared with the noncancer subgroup with 
regards to participant numbers, and baseline participant char-
acteristics differed. Moreover, this is a very heterogenous group 
of cancer patients and does not take into account the spectrum 
of illness of the patients included in the cancer subgroup; for 
example, both patients with late-stage metastatic disease and 
patients with early-stage cancers are included in the cancer sub-
group. As this is a subgroup analysis of phase 3 trial data, the 
results may not be representative of a real-world population.

In conclusion, treatment with bezlotoxumab appears to 
reduce the rate of rCDI compared with placebo and to im-
prove other CDI-related outcomes in participants with cancer. 
Although these results are encouraging, further research 
and real-world data are needed to confirm the efficacy of 
bezlotoxumab in preventing rCDI in individuals with cancer as 
a comorbid condition.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.
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