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Abstract

Objective: A significant portion of patients with Clostridium difficile infections (CDI) experience recurrence, and there is little consensus
on its treatment. With the availability of newer agents for CDI and the added burdens of recurrent disease, a cost-effectiveness analysis may
provide insight on the most efficient use of resources.

Design: A decision-tree analysis was created to compare the cost-effectiveness of 3 possible treatments for patients with first CDI
recurrence: oral vancomycin, fidaxomicin, or bezlotoxumab plus vancomycin. The model was performed from a payer’s perspective with
direct cost inputs and a timeline of 1 year. A systematic review of literature was performed to identify clinical, utility, and cost data. Quality-
adjusted life years (QALY) and incremental cost-effectiveness ratios were calculated. The willingness-to-pay (WTP) threshold was set at
$100,000 per QALY gained. The robustness of the model was tested using one-way sensitivity analyses and probabilistic sensitivity analysis.
Results: Vancomycin had the lowest cost ($15,692) and was associated with a QALY gain of 0.8019 years. Bezlotoxumab plus vancomycin
was a dominated strategy. Fidaxomicin led to a higher QALY compared to vancomycin, at an incremental cost of $500,975 per QALY
gained. Based on our WTP threshold, vancomycin alone was the most cost-effective regimen for treating the first recurrence of CDL
Sensitivity analyses demonstrated the model’s robustness.

Conclusions: Vancomycin alone appears to be the most cost-effective regimen for the treatment of first recurrence of CDI. Fidaxomicin

alone led to the highest QALY gained, but at a cost beyond what is considered cost-effective.

(Received 20 February 2018; accepted 16 May 2018; electronically published July 2, 2018)

Clostridium difficile infection (CDI) is the leading cause of
healthcare-associated diarrhea in the United States leading to
significant morbidity and mortality."? The economic burden
associated with CDI is estimated to be $1.2-$5.9 billion annually
in United States, with similar burdens observed in Europe.** For
a first episode of CDI, the standard of treatment is either oral
vancomycin or fidaxomicin.” However, when CDI recurs, the
treatment approach is less clear. Recurrence is common, with
reported rates ranging from 5% to 50% for healthcare-associated
CDI, and most studies reporting between 10% and 30%.%” Fur-
thermore, recurring patients have a higher risk for subsequent
recurrences, which may contribute to diminished quality of life
and further financial burden on the healthcare system.®
Evidence supporting the use of different treatments for
recurrent CDI is lacking. Current European Society of Clinical
Microbiology and Infectious Diseases guidelines recommend
treating the first recurrence of CDI with either oral vancomycin
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or oral fidaxomicin’; whereas the Infectious Disease Society of
America Guidelines recommend treatment of first recurrence of
CDI with either vancomycin, vancomycin taper, or fidaxomicin.'’
For subsequent recurrences, the IDSA guidelines also mention the
possibility of using tapered doses of oral vancomycin, fidax-
omicin, or EMT.? Recently, bezlotoxumab was FDA approved to
reduce the recurrence of CDI, when used in combination with
other CDI treatments. In a report of two phase 3 clinical studies,
bezlotoxumab was associated with substantially lower rates of
recurrent infection than placebo (MODIFY I. 17% vs 28%,
P <.001; MODIFY II: 16 vs 26%, P <.001).""

Although bezlotoxumab is associated with lower rates of
recurrence, it is associated with substantial cost, approximately
$4,500 per patient course. Given the substantial cost associated with
the treatment, the lack of guideline consistency for the treatment of
recurrent CDI, and the paucity of studies comparing existing
therapies for the treatment of recurrent disease, a cost-effectiveness
analysis (CEA) may be helpful to elucidate which regimen repre-
sents the most efficient use of resources. Several CEAs have been
performed regarding treatments of recurrent CDI'*™'%; however,
only 1 has included bezlotoxumab as a treatment option, and this
CEA did not specifically evaluate its use for recurrent CDL'® As
such, more cost-effectiveness data are necessary.


https://doi.org/10.1017/ice.2018.139
mailto:lams@ccf.org
https://doi.org/10.1017/ice.2018.139

Infection Control & Hospital Epidemiology

Methods
Model structure

This study follows the guidance provided by the International
Society of Pharmacoeconomics and Outcomes Research for the
design, conduct, and analyses of pharmacoeconomic models."” >
This CEA was performed using a decision analysis tree with 3
arms: bezlotoxumab plus vancomycin, vancomycin alone, and
fidaxomicin. Table 1 summarizes the evaluated treatment regimens
and the time to recurrence (among patients who experience sub-
sequent recurrences). For recurring patients, it was assumed that
they were in a healthy state in the period between the end of initial
treatment to onset of recurrence. Bezlotoxumab plus fidaxomicin
was not evaluated as an option because the clinical trials involving
bezlotoxumab had few patients treated with that combination.
Fecal microbial transplantation (FMT) was also not included as a
treatment option because most clinical evaluations have reported
only using that therapy for patients with multiple recurrences.*!

Figure 1 illustrates the decision-tree progressions. Specifically,
for each patient who presented as an outpatient with the first
episode of recurrent CDI, a treatment strategy can be chosen. In
addition, depending on the condition of the patient at presenta-
tion, the clinician chose whether to admit the patient for treat-
ment. Regardless of admission, patients experienced either a
failure or a cure with the initial treatment choices. Those who
failed initial treatment could progress sequentially to vancomycin
taper, and then to either FMT via colonoscopy or colectomy.
Those who experienced a cure could develop subsequent recur-
rent CDI, which could also be sequentially treated with vanco-
mycin taper, FMT via colonoscopy, or colectomy. Up to 2
subsequent recurrent CDIs were modelled. Patients who experi-
enced a cure and no subsequent recurrences progressed to the end
of the study with risks of death similar to those of patients who
experienced CDI recurrence.'® TreeAge version 2016 software
(TreeAge, Williamstown, MA) was used to construct the
model and to populate the parameters. The time horizon eval-
uated was 1 year, which was sufficient to capture all treatments
and recurrences.

Model inputs

A search of studies for the evaluation of recurrent CDI treatment
was performed. Principal studies included the landmark studies

Table 1. Medication Regimens and Time to Recurrence

Time to
Recurrence
(in recurring
Treatment Dose Frequency  Duration patients)
Vancomycin 125 mg Every 6h 10d 8 d*?
Fidaxomicin 200mg  Every 12h 10d 20 d*
Bezlotoxumab + 10 mg/kg Once Once 8 d'*?2
vancomycin 125 mg 6h 10d
Every 6h 14 d 10 d*°
Every 12h 7d
Vancomycin taper 125mg Every 24h 74
Every 48 h 7d
Every 72h 7d
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comparing bezlotoxumab to the standard of care'' and a study
comparing fidaxomicin to vancomycin in a subset of patients with
recurrent CDIL.** These 2 studies provided much of the clinical
information needed to evaluate the 3 treatment strategies. Out-
comes associated with vancomycin taper, FMT via colonoscopy,
and colectomy and the risk for hospitalization were derived from
published sources.'®**"%°

The efficacy outcome evaluated was quality-adjusted life years
(QALY). Utility describes the quality of life for different health
states and ranges from 0 (death) to 1 (perfect health). Utility
values for each patient undergoing CDI treatment as an inpatient,
outpatient, healthy 65-year-old, and postcolectomy patient were
extracted from current literature.'>*>*’ Utility values were mul-
tiplied by the amount of time each patient spent in each of those
states to determine QALY. Among hospitalized patients, it was
presumed that they completed their treatment course in the
hospital and discharged after treatment was completed, except for
vancomycin taper, for which it was assumed that the first 2 weeks
of the taper was performed in the hospital prior to discharge. For
patients who experienced cure, they were considered healthy until
time to recurrence, which varied based on initial treatment
choice. The base case values and ranges for utilities are sum-
marized in Table 2.

The cost was taken from a payer’s perspective, which included
direct costs, such as medication, procedures, and hospitalization.
Costs include those associated with medication, hospitalization,
colectomy, FMT, and subsequent therapies for further recurrent
infections. Cost evaluations did not include indirect costs, such as
loss of productivity and patient travel times. Cost data were
obtained from public sources, such as average wholesale price for
medications (as of October 1, 2017) and 2017 CMS reimburse-
ment rates for doctor visits and procedures. When a medication
was manufactured by more than 1 drug company, the median
cost for the medication was used. For patients treated in the
hospital, the cost of vancomycin was calculated based on using
the intravenous formulation of the medication compounded and
administered orally. All costs gathered from previous economic
analyses were inflated to current medical costs using medical cost
inflation rates from the consumer price index.”® Cost parameters
and ranges are summarized in Table 2.

Base case and sensitivity analysis

Baseline values for costs, utilities, and clinical probabilities were
used for the base-case analysis. The primary outcome measure
was the incremental cost-effectiveness ratio (ICER) between dif-
ferent therapies, where the incremental costs were divided by the
number of QALYs gained. The ICER was compared to a
willingness-to-pay (WTP) threshold, which was set at $100,000
for this study.

To evaluate for the robustness of the model and the effect of
parameter uncertainty, one-way sensitivity analyses were com-
pleted for nondominated strategies by fluctuating individual cost
and probability variables within prespecified ranges. Ranges for
clinical probabilities were determined using a binomial distribu-
tion—derived 95% confidence interval. Ranges for medication
costs were determined using the median average wholesale price
+50%.>” Ranges for procedural and hospital charges were gath-
ered from Centers for Medicare and Medicaid Services reimbur-
sements +25%.>° Results of one-way sensitivity analyses were
illustrated using tornado diagrams.'” Probabilistic sensitivity
analysis (PSA) was conducted using 10,000 second-order Monte
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Fig. 1. Recurrent Clostridium difficile clinical course model. Black arrows denote negative clinical sequelae (eg, failure, recurrence). White arrows denote positive clinical

Colectomy

sequelae (eg, cure, no recurrence). Gray arrows denote additional clinical decision points. NOTE. FMT, fecal microbial transplantation.

Carlo simulations, where each input was sampled randomly from
distribution values of each input parameter. Probabilities and
utilities were modelled using a beta distribution, whereas costs
were modelled using a gamma distribution. The 10,000 patient
simulations were used to generate a WTP acceptability curve.”!
Ranges and distributions of all parameters are summarized in
Table 2.

Results
Base case analysis

Our model generated cost and health outcomes for each of the 3
treatment options for patients presenting to an outpatient phy-
sician with their first recurrence of CDI. Table 3 highlights the
cost and relative effectiveness of each strategy. Utilizing oral
vancomycin alone as an initial treatment strategy was associated
with the lowest cost and a QALY gain of 0.8019. Fidaxomicin was
the second least costly agent, with modest gains in QALY (0.8046)
over vancomycin alone. This strategy led to an ICER of $500,975
per QALY gained if fidaxomicin was used in lieu of vancomycin.
Bezlotoxumab plus vancomycin was associated with a cost that
was higher than that of fidaxomicin alone, but with an incre-
mental decrease in QALY; hence this regimen was dominated in
the current analysis. Based on our WTP threshold, our base case
analysis demonstrated that vancomycin alone is the most cost-
effective regimen because the ICER of fidaxomicin was
> $100,000 per QALY gained.

Sensitivity analysis

Results of one-way sensitivity analysis for ICER for vancomycin
versus fidaxomicin is shown as a tornado diagram in Figure 2.
The diagram depicts the effect of each input across the range of
fluctuations. The inputs are stacked in decreasing order of width
to depict the descending order of effect each input has on the
outcome. As illustrated in the diagram comparing vancomycin
versus fidaxomicin, several of the model inputs could have
independently shifted the ICER to below the WTP threshold.
Those include the probability of fidaxomicin cure (>89.7%), the
probability of recurrence associated with vancomycin (>38.5%)
and fidaxomicin (<14.2%), the cost per tablet of fidaxomicin
(< $166.68), and the probability of a vancomycin cure ( <77.9%).
No other model parameters were independently capable of
bringing the ICER below $100,000 per QALY gained. In threshold
analyses, if the probabilities of the initial cure rates of fidaxomicin
and relapse were <80.8% and >24.8%, respectively, then
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bezlotoxumab plus vancomycin would be considered cost-
effective at a WTP of 100,000 per QALY gained. Notably,
fluctuating the cure and relapse rates of bezlotoxumab plus
vancomycin within the sensitivity ranges did not produce an
ICER <$100,000 per QALY gained.

We performed a probability sensitivity analysis, and we con-
structed a cost-effectiveness acceptability curve to illustrate the
simulations (Figure 3). The curve reveals the preferred strategy
when using a range of WTP thresholds. It demonstrates that, at a
WTP threshold of $100,000 per QALY gained, vancomycin has a
68.4% probability of being the most cost-effective therapy, while
fidaxomicin has a 29.2% probability and bezlotoxumab plus
vancomycin has a 2.4% probability. In the model, when the WTP
threshold was increased to $500,000 per QALY gained, the
probabilities for being the most cost-effective changed to 48.0%,
45.1%, and 6.9%, respectively, for vancomycin, fidaxomicin, and
bezlotoxumab plus vancomycin.

Discussion

The current analysis is the first since bezlotoxumab became
avaijlable to evaluate the cost-effectiveness of CDI treatment in
patients presenting to their outpatient physician with their first
recurrent episode. We determined that vancomycin alone was the
most cost-effective regimen. Fidaxomicin led to higher QALY
gained; however, it came at a cost well above the WTP threshold.
Furthermore, according to the PSA, it was unlikely to be cost
effective at a WTP of $100,000 per QALY gained. Even at a WTP
threshold of $500,000 per QALY gained, fidaxomicin was still less
likely to be cost-effective than vancomycin. The regimen of
bezlotoxumab plus vancomycin was dominated by fidaxomicin
because it cost more, generated fewer QALY, and was unlikely to
be cost-effective, even at a WTP threshold of $500,000 per QALY
gained.

The ideal treatment of recurrent CDI is unknown. Clinical
evidence supports the decrease of recurrences when patients are
treated with fidaxomicin or regimens including bezlotox-
umab.'"** Separate clinical studies have demonstrated significant
differences in the rates of recurrence of either regimen when
compared to oral vancomycin.'"?> The decrease probability of
recurrence with fidaxomicin and bezlotoxumab was reflected in
the current model. However, the 3 arms modelled in the current
study had remarkably similar overall effectiveness, as measured in
QALY. In the case of bezlotoxumab, the decreased probability of
recurrence may be overshadowed by the fact that the probability
of cure was higher in those who received fidaxomicin and


https://doi.org/10.1017/ice.2018.139

Infection Control & Hospital Epidemiology 927

Table 2. Model Inputs

Parameter Base Case Range Standard Deviation Distribution Reference
Utilities
Utility of active CDI while hospitalized 0.60 0.505-0.695 0.156 Beta 12
Utility of active CDI, not hospitalized 0.782 0.628-0.936 0.154 Beta 12
Utility postcolectomy 0.536 0.382-0.69 0.154 Beta 26
Utility healthy (65 y old) 0.88 0.84-0.92 0.02 Beta 27

Drug Cost, US$

Bezlotoxumab cost per dose 4,560 2,280-6,840 1,140 Gamma 29
Vancomycin (inpatient) cost per dose 1.95 1.54-2.41 0.22 Gamma 29
Vancomycin (outpatient) cost per dose 42.99 31.30-57.70 6.60 Gamma 29
Fidaxomicin cost per dose 220.90 110.45-331.34 55.23 Gamma 29

Other Costs, US$

Cost per hospitalization 17,522 15,665-19,377 925 Gamma 13
Cost per doctors visit 106.45 84.83-131.22 8.06 Gamma 30
Cost per colectomy 42,062 31,547-52,577 5,258 Gamma 13
Cost for fecal transplant via colonoscopy 1,259 944-1,574 157.50 Gamma 15

Clinical probabilities, P

Hospitalization for Clostridium difficile 341 .296-.388 .0225 Beta 10
Vancomycin cure .844 .753-.912 .040 Beta 22
Fidaxomicin cure .841 .748-.910 .0467 Beta 22
Bezlotoxumab + vancomycin cure .800 .770-.828 .014 Beta 11
Vancomycin recurrence 325 .224-439 .054 Beta 22
Fidaxomicin recurrence .203 .12-.308 .0415 Beta 22
Bezlotoxumab + vancomycin recurrence .165 .134-.208 .0185 Beta 11
Vancomycin taper cure 31 .15-.48 .085 Beta 24, 25
Vancomycin taper recurrence .66 .49-.83 .085 Beta 24, 25
Receiving colectomy .0111 .0101-.0122 .00055 Beta 10
Colectomy survival .508 435-.58 154 Beta 23
Fecal transplant survival .90 .875-.925 .0125 Beta 24
Survival at 1y .924 .891-.949 .0145 Beta 10

Table 3. Base Case Results: Incremental Cost-Effectiveness Ratio

Total Cost per Patient, ICER
Treatment 2017 USS Total QALYs per Patient (cost per additional QALY gained)
Vancomycin 15,692 0.8019
Fidaxomicin 17,047 0.8046 500,975
Bezlotoxumab + vancomycin 18,475 0.8039 Abs. dominated

NOTE. ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years.
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Fig. 2. One-way sensitivity analysis—tornado diagrams. ICER: fidaxomicin versus vancomycin. NOTE. CDI, Clostridium difficile infection; ICER, incremental cost-effective ratio;

QALY, quality-adjusted life years.
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Fig. 3. Probabilistic willingness-to-pay acceptability curve. NOTE. Bezlo, bezlotoxumab; QALY, quality adjusted life years; Vanco, vancomycin.

vancomycin. Although not statistically significant, the clinical
studies evaluating bezlotoxumab-containing regimens did find a
numerically lower cure rate than either standard of care regimen
without bezlotoxumab (76.7% vs 80.3%). Numerically higher cure
rates were also observed with fidaxomicin and vancomycin in a
separate study, 84.4% and 84.1%, respectively.”> Given that
recurrences can only occur in patients who initially exhibited
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cure, it is likely that the initial decreased cure rates of bezlotox-
umab led to overall lower QALYs; thus, we concluded that it was
dominated by fidaxomicin. The fact that the magnitude of the
change in QALY is relatively small between fidaxomicin and
vancomycin is likely related to a combination of having few
patients who experience recurrence and the treatments for
recurrence being similar. Indeed, based on the probabilities of
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cure and recurrence, for every 100 patients treated with vanco-
mycin, 10 fewer patients will experience a recurrence if treated
with fidaxomicin. Furthermore, among those who do experience a
recurrence, their subsequent outcomes should be similar because
the treatment options for additional recurring episodes do not
differ.

The current findings of vancomycin being the most cost-
effective pharmacologic strategy and marginal improvements in
QALY between different pharmacologic treatment options is
corroborated in several other CEAs. Konijeti et al"> evaluated
different treatment strategies for the management of recurrent
CDI and found that vancomycin was the most cost-effective
pharmacologic regimen. Fidaxomicin was associated with a
marginally higher QALY (0.865 vs 0.858), which translated into
an ICER of $184,023 per QALY gained. Similarly, Lapointe-Shaw
et al'* performed a CEA that utilized a lifetime health effects
calculation and demonstrated a marginal improvement of 0.13
QALY gained when comparing fidaxomicin and vancomycin.'*
The current study adds to these CEAs by incorporating the
recently approved strategy of bezlotoxumab plus vancomycin. In
addition, it specifically evaluates the first recurrence while
incorporating FMT as a mechanism of treatment for patients with
further recurrences, which is more representative of current
clinical practice.

A recent pharmacoeconomic analysis of bezlotoxumab com-
pared with placebo was completed.'® This analysis was performed
for patients with either their initial episode or recurrent episode of
CDI and it evaluated a bezlotoxumab-containing regimen or
standard of care. In this analysis, bezlotoxumab was associated
with a 0.12 QALY gain compared to standard of care with an
ICER of $19,824 per QALY gained. The discordant findings from
the current study may be attributable to several factors. The
current study evaluated specifically fidaxomicin and vancomycin
as comparators, whereas the analysis by Prabhu et al'® utilized
standard of care as a comparator. In the clinical studies of
bezlotoxumab, standard of care can include metronidazole, van-
comycin, or fidaxomicin. Furthermore, the current analysis spe-
cifically evaluated patients with their first recurrent episode of
CD], as opposed to an analysis of either the index or recurrent
episodes. Given the novelty of bezlotoxumab, no clinical guide-
lines currently include recommendations for its use. As such, the
decision to specifically evaluate the first recurrent episode was
made in conjunction with local clinicians who believe they are
most likely to consider bezlotoxumab in that setting. This dif-
ference may have limited the cost-effectiveness of fidaxomicin
and bezlotoxumab because prevention of the initial recurrence
may have more dramatic downstream cost and outcome differ-
ences. Finally, in the study by Prabhu et al, they utilized a one-
time cost to estimate the cost of recurrence, without considering
subsequent treatment options for further recurrent CDI episodes
(eg, vancomycin taper or FMT). As such, based on these differ-
ences, the discrepant results of the 2 CEAs may be a result of
evaluating different clinical scenarios and different choices in cost
inputs.

This CEA has several limitations. First, the analysis required
compiling data from multiple comparative studies. Although
patients all had similar diagnoses, it is not possible to balance the
baseline differences among patients that may have accounted for
the treatment outcome differences. To account for this, sensitivity
analyses were performed, and despite accounting for uncertain-
ties, both one-way sensitivity and PSA did not demonstrate
drastically different results. Second, the data were all collected

https://doi.org/10.1017/ice.2018.139 Published online by Cambridge University Press

929

from randomized controlled trials, where care and follow-up are
likely more abundant than for patients in a clinical setting. As
such, the cure rates and recurrence rates may represent best-case
scenarios. Third, this CEA did not consider adverse effects. This
decision was made in conjunction with several clinicians who did
not believe that the differences in adverse effects among the
treatment arms were significant enough to warrant incorporation
into the model. Fourth, the current analysis does not account for
different strains of C. difficile and their influence on recurrence
rates. As such, if a center has a high proportion of BI/NAP1/027
clones of C. difficile, the findings from this pharmacoeconomic
analysis may not be applicable.”” Fifth, due to the paucity of data,
the probabilities of recurrence, cure, and hospitalizations beyond
the second recurrence were all assumed to be similar to the first
recurrence. This likely underestimates the clinical sequelae asso-
ciated with subsequent recurrences. Sixth, the rate of hospitaliza-
tions from recurrent CDI was derived from only 1 study.'® Because
hospitalizations are such costly interventions, if the rate of hospi-
talization was dramatically different than those used in this study,
there may be significant differences in the cost-effectiveness of each
therapy. Seventh, the costs associated with bezlotoxumab were not
included in the cost evaluations because there are many options for
outpatient infusion therapy. However, adding further cost to
bezlotoxumab would presumably further contribute to its lack of
cost-effectiveness. Lastly, as with all pharmacoeconomic models, it
is not possible to simulate all treatment decisions during a patient’s
course. As such, the current model represents a reasonable
approach to treatments and subsequent therapies associated with
each successive recurrent CDI episode.

In conclusion, our cost-effectiveness analysis illustrated van-
comycin alone as a cost-effective regimen for the treatment of the
first recurrent episode of CDI. Bezlotoxumab plus vancomycin
was a dominated strategy; therefore, it was not likely to be cost-
effective. Fidaxomicin did lead to the highest QALY gained, but at
a significantly higher cost than the specified WTP threshold.
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