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Background. We aimed to describe the frequency of use and effectiveness of bezlotoxumab (BZX) and fecal microbiota
transplantation (FMT) in patients with Clostridioides difficile infection (CDI) in real-world practice.

Methods. This was a retrospective study conducted in a university hospital in which adult patients treated with BZX or FMT
from January 2018 to April 2021 were included. The primary objective was to evaluate the effectiveness of BZX and FMT in
preventing early (within 8 weeks) and late (within 1 year) CDI recurrences (rCDI). A multivariate analysis of risk factors for
early recurrence was performed.

Results.  Of 1377 consecutive CDI episodes, 117 (8.5%) received BZX or FMT, with full information available for 100 of the
episodes: 51 received BZX, and 49 received FMT. BZX was used mostly in immunosuppressed patients (66.7%) and in first
episodes or first recurrences in 70.6% of the cases. FMT was prescribed only in CDI recurrences. Despite the different
conditions of the patients, there were no significant differences between BZX and FMT in preventing early rCDI (19.6% vs
24.5%; P=.55) or late rCDI (9.8% vs 18.4%; P=.31). In the multivariate analysis, risk factors for recurrence were presence of
>2 previous rCDI episodes (odds ratio [OR], 2.90; 95% CI, 1.03-8.63) and use of non-CDI antibiotics (OR, 3.45; 95% CI, 1.24-9.57).

Conclusions.

BZX and FMT were infrequently used in real-world practice. Both treatments had similar effectiveness in

preventing CDI recurrence despite their application to different populations.

Keywords.

bezlotoxumab; Clostridioides difficile; fecal microbiota transplantation; recurrence; risk factors.

Clostridioides difficile infection (CDI) represents one of the
most important nosocomial infections, with recurrence rates
estimated to be 15%-20% in patients after first episodes and
40%-65% in patients with previous recurrences and attribut-
able costs ranging between €2882 and €4396 for first CDI epi-
sodes and between €10877 and €14023 for recurrent CDI
(rCDI) episodes [1-4].

Currently, there are recommended therapies that have dem-
onstrated reduction in rates of rCDI, such as bezlotoxumab
(BZX) and fecal microbiota transplantation (FMT) [5-10].
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However, the positioning of the guidelines on the indications
of both treatments is not entirely clear [11, 12], and their use
in real life is not well known and usually subject to the influence
of cost (BZX) and treatment availability (FMT). In addition,
cost and availability are limitations for both treatments in
many centers. At present, real-world experience with these
strategies is limited and needed.

We aimed to describe the frequency of use and the character-
istics of patients with CDI episodes treated with BZX or FMT in
our institution. We assessed the effectiveness of BZX and FMT
in early CDI recurrences that occurred within the first 8 weeks
after an episode of CDI and in late recurrences that appeared
from 8 weeks to 1 year later. Second, we evaluated the global
mortality and attributable mortality at 8 weeks and 1 year of
follow-up in both cohorts of patients.

METHODS

This was a retrospective study conducted in a university hospi-
tal from January 2018 to April 2021. All adult patients with con-
firmed CDI episodes according to the European Society of
Clinical Microbiology and Infectious Diseases criteria [12]
were prospectively included in a database from the
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microbiology department. Patients who received BZX or FMT
during this period were selected. For the objectives of the study,
a follow-up of at least 8 weeks was required, so cases for which
there were no follow-up data were excluded.

BZX was approved in 2018, and it was administered as a sin-
gle dose during vancomycin treatment for CDI. Doses were cal-
culated at 10 mg/kg as per the manufacturer indications. Vials
were stored and prepared in the pharmacy department. Our
hospital has significant experience with FMT, and since 2018
FMT has been performed with lyophilized oral capsules, whose
elaboration has been previously described [13, 14]. Patients re-
ceived a single dose of FMT after completing a course of oral
vancomycin or fidaxomicin for the treatment of a CDI episode.
Selection of treatment in each case was decided according to lo-
cal guidelines and per the advice of infectious diseases special-
ists and pharmacy department.

Patient demographics including age, sex, nursing home
residence, and medical conditions were recorded. Variables
accounting for the CDI episode in which the indication of
BZX or FMT was established were the type of episode (first
episode, first recurrence, and second or further recurrences)
and the severity of clinical presentation (nonsevere, severe, or
severe-complicated) according to Infectious Diseases Society
of America criteria [11]. A microbiological diagnosis of CDI
was made on direct stool samples by a 2-step algorithm: first
immunochromatography detecting GDH and A +B toxin
and then polymerase chain reaction (PCR) confirmation
(GeneXpert, Cepheid, Sunnyvale, CA, USA). In addition,
toxigenic cultures were made for all stool samples. Other mi-
crobiological variables included were the toxin B cycle
threshold (Ct) determined by reverse transcription PCR
(RT-PCR; GeneXpert). Presumptive 027 strains were con-
firmed by molecular PCR ribotyping [15]. Clinical variables
were obtained from the electronic health record system and
microbiological variables from the microbiology department
database.

We planned a multivariate analysis of the risk factors associ-
ated with early rCDI. We also prespecified several subgroup
analyses in patients treated with BZX or FMT in the same nu-
merical episode (first recurrence and second or further recur-
rences), in patients with immunosuppression conditions, in
patients aged >65 years, and in patients who received systemic
non-CDI antibiotics.

Definitions
Early recurrent CDI episode was defined as a microbiologically
confirmed CDI episode in the 8 weeks following treatment ei-
ther with BZX or FMT.

Late rCDI episode was defined as the rCDI appearing 8
weeks to 1 year later.

Immunosuppression conditions included the following: sol-
id organ transplantation (SOT), hematopoietic stem cell

transplantation (HSCT), solid organ malignancies, hematolog-
ic malignancies, HIV infection, and receipt of other immuno-
suppressive treatments.

Use of non-CDI antibiotics was recorded if patients received
systemic antibiotics up to 8 weeks after the administration of
BZX or EMT to treat infections other than CDI.

Mortality attributable to a CDI episode was recorded if
deaths were directly related to the CDI episode or caused by
other pathological processes.

Statistical Analysis

Quantitative variables were expressed as medians with inter-
quartile ranges (IQRs). Qualitative variables were expressed as
frequencies and percentages. Univariate analysis of data com-
parisons was performed using the unpaired ¢ test for normally
distributed
Mann-Whitney test for non-normally distributed variables.

continuous  variables and using the
Categorical variables were compared using the y* test or using
the Fisher exact test when the y* test was not appropriate.
Adjusted odds ratios (ORs) were computed using multivariate
logistic regression analysis. Stepwise logistic regression analysis
included variables with a P value <.05 in the univariate analysis
or that were clinically relevant. All statistical analyses were per-
formed using IBM SPSS Statistics for Windows (version 25.0;

IBM Corp, Armonk, NY, USA).

Patient Consent

The local institutional review boards and ethics committees ap-
proved the project with code number MICRO.HGUGM.
2019-021. Due to the noninterventional and retrospective
nature of the analysis, we were exempted from requesting in-
formed consent from the patients.

RESULTS

From January 2018 to April 2021, there were 1377 CDI epi-
sodes at our institution. Of these, 117 episodes (8.5%) were
treated either with BZX or FMT. Three cases were excluded
from the analysis because sufficient data were not available in
the patients’ clinical records, and a further 14 episodes were ex-
cluded because there were no data about outcomes. Finally, 100
CDI episodes were analyzed: 51 episodes were treated with
BZX, and 49 were treated with FMT.

Bezlotoxumab Experience

The clinical characteristics of the 51 CDI episodes that were
treated BZX are summarized in Table 1. The median age of
the 51 cases (IQR) was 73 (62-82) years, and 32 patients
(62.7%) were female. Thirty-four patients (66.7%) had immu-
nosuppression. The median Charlson comorbidity index score
(IQR) was 5 (3-8). BZX was administered on first episodes in
35.3%, on first recurrences in 35.3%, and on second or further
recurrences in 29.4%. Overall, 45.0% of the CDI episodes were

2 o OFID « dela Villaetal



Table 1. Comparison Between Bezlotoxumab- and Fecal Microbiota
Transplantation-Treated CDI Episodes

Table 2. Comparison Between Cases With Recurrence at 8 Weeks and
Cases Without Recurrences

Variables BZX(n=51) FMT (n=49) P

Baseline characteristics
® Age, median (IQR), y 73 (62-82) 79 (70-88) 13
e Cases older than 65y 36 (70.6) 41 (83.7) 12
® Sex (females) 32 (62.7) 34 (69.4) 48
* Nursing home residence 5(9.8) 3(6.1) 49
® [mmunosuppression 34 (66.7) 9(18.4) <.01

Solid malignancies 12 (23.5) 3(6.1)

Hematologic malignancies 9(17.6) 1(2.0)

HSCT 3(5.9) 0

SOT 11 (21.6) 0

Other conditions 2(3.9) 5(10.2)
¢ Inflammatory bowel disease 4(7.8) 5(10.2) .68
e Dialysis 10 (19.6) 3(6.1) .04
* Congestive heart failure 9(17.6) 20 (40.8) .01
® Charlson index score, median (IQR) 5 (3-8) 5 (4-6) 77
® Proton pump inhibitors 2 (3.9) 19 (38.8) <.01

Clinical presentation
e First episode 18 (35.3) 0 <.01
e First recurrence 18 (35.3) 18 (36.7) .88
® >2 recurrences 15 (29.4) 31 (63.3) <.01
* Nonsevere 28 (54.9) 39 (79.6) <.01
® Severe 23 (45.0) 10 (20.4) .01
® B toxin Ct, median (IQR) 24 (22-29) 23 (22-26) 12
® 027 presumptive strains 1(1.9) 0 .51
® 027 ribotype confirmed strains 0 0 1

Previous CDI treatments
* Metronidazole 10 (19.6) 14 (28.6) .29
e \Jancomycin 29 (56.9) 45 (91.8) <.01
® \Jancomycin tapering 3 (5.9) 17 (34.7) <.01
e Fidaxomicin 4(7.8) 10 (20.4) .08
® Fecal microbiota transplantation 2 (3.9 6(12.2) .16
® Bezlotoxumab 0 1(2.0) 49

Evolution
® Recurrences at 8 wk 10 (19.6) 12 (24.5) .55
e Later recurrences 5(9.8) 9(18.4) .31
* Non-CDI antibiotics after BZX/FMT 22 (43.1) 8(16.3) <.01
® Global mortality at 8 wk 4 (7.8) 3(6.1) .73
® Global mortality 8wk to 1y 14 (27.5) 7 (14.3) .10
o Attributable mortality to CDI 0 2 (4.1) 24
o Attributable mortality to CHF 1(2.0) 2 (4.1) .46

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: BZX, bezlotoxumab; CDI, Clostridioides difficile infection; CHF, congestive heart
failure; Ct, cycle threshold; FMT, fecal microbiota transplantation; HSCT, hematopoietic stem
cell transplantation; rCDI, recurrent CDI; SOT, solid organ transplantation.

clinically severe. Regarding the outcome, there were 10 (19.6%)
early recurrences within 8 weeks and 5 (9.8%) late CDI episodes
within 1 year of follow-up. The mortality rate was 7.8% in the
first 8-week period and 27.5% in the 1-year follow-up period.
None of the deaths were CDI related.

Fecal Microbiota Transplantation Experience
The median age of the 49 CDI patients treated with FMT (IQR)
was 79 (70-88) years, and 69.4% were female (Table 1). The

Recurrence  No Recurrence
Variables (n=22) (n=178) P
Baseline characteristics
® Age, median (IQR), y 83 (66-89) 74 (66-84) 16
e Cases older than 65y 17 (77.3) 60 (71.4) .97
e Sex (females) 17 (77.3) 49 (62.8) .20
* Nursing home residence 2(9.1) 6 (7.7) .83
® Immunosuppression 8(36.4) 35 (44.9) 47
¢ Inflammatory bowel disease 2(9.1) 7 (8.9) .98
 Dialysis 2(9.1) 11(14.1) .53
e Chronic heart failure 7 (31.8) 22 (28.2) .79
e Charlson index score, median 6 (3-8) 5 (3-6) .60
(IQR)
® Proton pump inhibitors 4(18.2) 10(12.8) 71
Clinical presentation
e First episode 2(9.1) 12 (15.4) .45
e First recurrence 6 (27.3) 30 (38.5) .33
¢ >2rCDls 14 (63.6) 32 (41.0) .05
* Nonsevere 14 (63.6) 53 (67.9) .70
® Severe 8(36.4) 24 (30.8) .61
e B toxin Ct, median (IQR) 22 (20-27) 24 (22-27) 16
Previous CDI treatments
* Metronidazole 4(18.2) 20 (25.6) 46
® VVancomycin 19 (86.4) 55 (70.5) .31
® Vancomycin tapering 7 (31.8) 13(16.7) 11
¢ Fidaxomycin 4(18.2) 10 (12.8) .52
CDlI strategy treatment
® Bezlotoxumab 10 (45.5) 41 (52.6) §55
e Fecal microbiota transplantation 12 (54.5) 37 (47.4) .55
Other treatments
Non-CDI antibiotics after BZX/FMT 11 (50.0) 19 (24.4) .02

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CDI, clostridioides difficile infection; Ct, cycle threshold; FMT, fecal
microbiota transplantation; rCDI, recurrent CDI.

median Charlson comorbidity index score (IQR) was 5 (4-6).
Patients received FMT in cases either with first recurrences
(36.7%) or with several CDI recurrences (63.3%), which clini-
cally were predominantly nonsevere (79.6%). Most of the pa-
tients had previously been treated with oral vancomycin, and
10 cases (20.4%) had received previous treatment with fidaxo-
micin. As for the outcome, 12 (24.5%) cases presented early
CDI recurrences at 8 weeks, and a further 9 (18.4%) cases de-
veloped late rCDI. Three (6.1%) patients died during the fol-
lowing 8-week period, and a further 7 (14.3%) patients died
within the year of follow-up. Two of the deaths were considered
attributable to CDI episodes.

Risk Factors for Recurrence Following BZX or FMT

Table 2 describes the comparison between cases with early re-
currences following therapy with BZX or FMT (n=22) and
cases without early recurrences (n = 78). The recurrence group
had been treated for second or further rCDI episodes (63.6%
in the recurrence group vs 41.0% in the no recurrence group;
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P =.05) and presented more frequent prescriptions of systemic
non-CDI antibiotics in the following 8 weeks (50.0% vs 24.4%;
P =.02). Frequencies of recurrences at 8 weeks according to the
type of episode were as follows: 16.7% in patients treated for
their first episode, 16.7% in those treated for their first recur-
rence, and 30.4% for cases treated after 2 or more rCDI epi-
sodes (Figure 1). In the multivariate analysis, risk factors for
recurrence included age >65 years, presence of >2 previous
rCDI episodes, and use of systemic non-CDI antibiotics. The
factors associated with recurrences at 8 weeks were presence
of >2 previous rCDI episodes (OR, 2.90; 95% CI, 1.03-8.63;
P=.04) and use of non-CDI antibiotics (OR, 3.45; 95% CI,
1.24-9.57; P=.01) (Table 3).

Subgroup Analyses

Subgroup analyses comparing the rate of recurrences of BZX
and FMT in patients treated for their first recurrence or further
recurrences, in patients with immunosuppression, or in pa-
tients older than age 65 years showed no significant differences
between these 2 treatments. There was a nonsignificant trend
toward more recurrences in the subgroup of patients who re-
ceived FMT and were treated with non-CDI systemic antibiot-
ics, in contrast to those who were treated with BZX (62.5% vs
27.3%: OR, 2.29; 95% CI, 0.55-9.63; P=.07) (Table 4).

DISCUSSION

Our work highlights several important facts: First, BZX and FMT
were infrequently used in real-world practice (8.5% in our series)
and in very different clinical scenarios, as BZX was more

Table 3. Multivariate Analysis of Risk Factors of Recurrence at 8 Weeks

Factor OR 95%Cl P
Age >65y 0.74 0.21-2.563 .63
>2 rCDIs 2.90 1.03-8.63 .04

Non-CDI antibiotics after FMT/bezlotoxumab 3.45 1.24-9.57 .01

Abbreviations: CDI, clostridioides difficile infection; FMT, fecal microbiota transplantation;
rCDlI, recurrent CDI.

frequently assigned to patients with immunosuppression and
for first and severe episodes, while FMT was indicated in cases
with several prior CDI recurrences. Second, despite these differ-
ences, both strategies of treatment had equivalent effectiveness,
assessed in terms of early and late rCDI episodes. Third, BZX
and FMT appeared to be more effective in the treatment of first
recurrences compared with second or further rCDI episodes.
The efficacy of BZX and FMT has been evaluated in clinical
trials and in real-life series, both proving a reduction in the risk
of CDI recurrence [8-10, 16, 17]. However, there are no studies
that have directly compared the efficacy between these 2 treat-
ment strategies. In addition, the indications established for
each of these treatments based on recent guidelines, in our ex-
perience, make it difficult to know if these strategies are equiv-
alent. Nevertheless, our results suggest that when prescribed
they present similar effectiveness in preventing early recurrenc-
es. At 1-year follow-up, BZX had a trend toward fewer late CDI
episodes compared with FMT (9.8% vs 18.4%; P=.31), but we
believe that this effect could be partially explained by the higher
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Table 4. Subgroup Analysis

Variable rCDI at 8 Weeks, No. (%) P

First CDI recurrence FMT, 4/18 (22.2) 74
Bezlotoxumab, 2/18 (11.1)

>2 rCDIs FMT, 9/32 (28.1) .37
Bezlotoxumab, 5/14 (35.7)

Immunosuppression FMT, 2/9 (22.2) .79
Bezlotoxumab, 6/34 (17.6)

Age >65y FMT, 11/41 (26.8) .39
Bezlotoxumab, 6/36 (16.7)

Non-CDI antibiotics FMT, 5/8 (62.5) .07

Bezlotoxumab, 6/22 (27.3)

Abbreviations: CDI, clostridioides difficile infection; FMT, fecal microbiota transplantation;
rCDI, recurrent CDI.

non-CDI-related mortality rate observed in the BZX group at 1
year of follow-up (27.5% vs 14.3%; P =.10).

The positioning of the guidelines based on the design of these
studies and the availability of one or the other treatment in hos-
pitals mean that the strategies for preventing relapsing episodes
of CDI are heterogeneous. Current recommendations advocate
the use of BZX for first recurrences and FMT for second or sub-
sequent recurrences [11, 12]. In this regard, a key aspect to con-
sider is the cost-effectiveness of each strategy. Recently, a
predictive model demonstrated that FMT is the most cost-
effective therapy for treating first recurrent CDI episodes [18].
Our results emphasize the need to reevaluate the indications
for justification in current guidelines that do not consider
FMT as an alternative therapy in the first rCDI episodes.

The possibility of a synergistic effect when combining these
strategies is unknown. Even the possibility of applying these
treatments after a course of fidaxomicin is poorly understood.
In a clinical trial comparing the use of SER-109 with standard
treatment in patients with multiple rCDIs, the subgroup that
previously received fidaxomicin had the lowest recurrence rates
[19]. However, in our series we cannot establish the effect of the
combination of fidaxomicin with either FMT or BZX because
its use was very infrequent due to our policy for its indication;
in our center in that period, it was approved only for patients
with second or further recurrences. Further research with high-
quality clinical randomized trials is needed in order to more ac-
curately answer all these questions.

In the multivariate analysis, we found that risk factors for
CDI recurrence after BZX or FMT were cases treated for their
second or further recurrence and the use of systemic non-CDI
antibiotics afterwards. Our results are in concordance with pre-
vious publications and emphasize the need for preventive strat-
egies for rCD], including a close and specific antimicrobial
stewardship intervention to avoid the use of inadequate antibi-
otics in these patients [20]. Finally, we also observed an im-
provement in recurrence rates when these therapies were
administrated earlier in the course of disease (first episodes

and/or first recurrences). These data are in accordance with
previous publications [21].

The limitations of our work were the retrospective design,
the heterogeneity of patients selected in each arm of treatment,
and the lower number of patients included. However, this is
one of the largest studies to compare these therapeutic strate-
gies. The absence of a comparative control group made it diffi-
cult to estimate the effectiveness of BZX and FMT.
Nevertheless, the recurrence rate in both groups is in agree-
ment with the results obtained in previous studies [8-10, 16, 17].
We also cannot establish if these treatments were effective in
CDI episodes caused by 027 ribotypes, because in our series
there were no 027-confirmed strains. Finally, late recurrences,
defined as those diagnosed between 8 weeks and 1 year of
follow-up, could be due to reinfections and not relapses, as
no typing was performed to verify it. Strengths included the
large series with real-world experience in both strategies and
the detailed analysis with a multivariate analysis for risk factors
associated with recurrence and a subgroup analysis of the
patients with higher risk of rCDI.

CONCLUSIONS

In our experience, BZX and FMT were infrequently used in
real-world practice but had similar effectiveness in preventing
recurrent C. difficile episodes, despite application to different
populations.
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