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Abstract

Objectives: Treatment of Clostridioides difficile infection (CDI) has undergone significant 

change in recent years with the introduction of fidaxomicin and bezlotoxumab. This study 

evaluated the cost-effectiveness of fidaxomicin and bezlotoxumab for initial CDI compared with 

standard therapy with oral vancomycin.

Methods: A Markov model with eight health states was built based on transition probabilities, 

costs and health utilities derived from literature to evaluate the cost-effectiveness of standard 

fidaxomicin, bezlotoxumab plus vancomycin, and extended-pulsed fidaxomicin versus standard 

oral vancomycin over a lifetime horizon from the US societal perspective.

Results: For overall CDI treatment, oral vancomycin had a cost of $39 178 and was associated 

with a gain of 11.64 quality-adjusted life-years (QALYs). Extended-pulsed fidaxomicin had 

a higher QALY gain of 11.65 at a lower cost of $37 613, and therefore was dominant 

over vancomycin. Standard fidaxomicin had a QALY gain of 11.94 versus vancomycin at an 

incremental cost of $495 per QALY. Bezlotoxumab plus vancomycin led to a QALY gain of 
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11.77 at an incremental cost of $17 746 per QALY. At the willingness-to-pay (WTP) threshold of 

$150 000 per QALY, extended-pulsed fidaxomicin, bezlotoxumab plus vancomycin and standard 

fidaxomicin were more cost-effective compared with vancomycin alone, yielding incremental net 

monetary benefits of $3248, $17 011 and $44 308, respectively. One-way sensitivity analysis 

suggested that the probabilities of sustained cure from the initial episode were the most sensitive 

inputs, and results were overall not particularly sensitive to any drug costs.

Conclusions: Based on a WTP threshold of $150 000, standard fidaxomicin was estimated 

to be the most cost-effective treatment. Standard-of-care vancomycin was dominated by extended-

pulsed fidaxomicin for treating an episode of CDI and preventing further recurrence, and the 

addition of bezlotoxumab to vancomycin was dominated by standard fidaxomicin.

Keywords

Bacterial resistance; Bezlotoxumab; Clostridioides difficileinfection; Cost-effectiveness analysis; 
Extended-pulsed fidaxomicin; Fidaxomicin; Incremental cost-effectiveness ratio

Introduction

The treatment of Clostridioides difficile infection (CDI) has undergone significant change 

in recent years, most notably with the introduction of fidaxomicin and bezlotoxumab. 

Fidaxomicin is a macrocyclic antibiotic that has a more targeted anti-C. difficile effect 

compared with other antibiotics, and can be used as primary therapy [1]. Bezlotoxumab 

is a monoclonal antibody against C. difficile toxin B that can be used as an adjunct to 

standard antibiotic therapy by boosting humoral immunity, which has been correlated with 

a reduction in the risk of recurrence [2]. Although each works by a different mechanism, 

both were shown in clinical trials to reduce the absolute risk of CDI recurrence by ~10% 

when compared with standard of care (SOC) [3–5]. Unfortunately, both therapies are 

costly compared with standard CDI therapy with vancomycin [6]. Because of this, and 

the uncertainty about whether the reduced recurrence rate compared with vancomycin held 

for CDI, previous economic analyses have been ambiguous, showing fidaxomicin to be 

cost-effective compared with vancomycin in 14 of 24 economic evaluations [7]. Studies 

also supported cost-effectiveness of fidaxomicin in patient subgroups with higher rates 

of recurrence, such as the elderly, those with severe CDI and those taking concomitant 

antibiotics [7]. In addition, extended-pulsed fidaxomicin, which extends 20 fidaxomicin 

doses over a longer time period after initial daily dosing, was shown to be superior 

to standard vancomycin as the first-line CDI treatment in a clinical trial [8]. The cost-

effectiveness of extended-pulsed fidaxomicin was supported by an analysis in England [9], 

but no study to date has compared the cost-effectiveness of extended-pulsed fidaxomicin 

with standard fidaxomicin or bezlotoxumab. Similarly, two of three pharmaco-economic 

analyses found that bezlotoxumab added to standard therapy was cost-effective compared 

with standard therapy alone, mainly as a result of the reduction in recurrent episodes of CDI 

seen in the phase 3 trials [10–12]. The only cost-effectiveness analysis that has compared 

fidaxomicin with standard therapy plus bezlotoxumab is by Lam et al., and it focused solely 

on recurrent episodes of CDI [12]. Therefore, given the comparable reduction in recurrence 

rates in clinical trials, it remains uncertain how to best incorporate these therapies into 

Chen et al. Page 2

Clin Microbiol Infect. Author manuscript; available in PMC 2022 September 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



both initial and recurrent CDI management. The objective of this study was to evaluate 

the cost-effectiveness of standard fidaxomicin, bezlotoxumab in addition to vancomycin 

(bezlotoxumab-vancomycin), and extended-pulsed fidaxomicin on initial and recurrent CDI 

compared with standard therapy with oral vancomycin.

Materials and methods

Model structure

A Microsoft Excel-based Markov health state transition model (Fig. 1) was built based 

on the model by Prabhu et al. to simulate the costs and health effects of treating CDI 

patients with each of the four CDI therapies from a US societal perspective [10]. The model 

followed patients over a lifetime horizon, which was further divided into two parts: a 15-day 

cycle length for the initial 6 months (biweekly cycles), followed by annual cycles for the 

remaining lifetime, and an annual discount rate of 3% was applied to the future costs and 

health effects throughout [13]. The model assumed eight health states: initial CDI episode, 

treatment failure, treatment success (clinical cure), CDI recurrence, colectomy, sustained 

clinical cure (absorbing state), post-colectomy (absorbing state) and death (absorbing state, 

not shown in Fig. 1). All patients were assumed to enter the model with their initial CDI 

episodes and transition thorough the model according to corresponding treatment-specific 

transition probabilities.

The base-case population characteristics in this model were adapted from clinical trials of 

fidaxomicin and are summarized in Table 1. Patients were assumed to have no CDI infection 

for at least 6 months before the initial episode in the model. Patients were treated with one 

of the following CDI therapies for the initial episode: (a) vancomycin 125 mg making an 

oral solution from intravenous powder, four times daily for 10 days; (b) fidaxomicin 200 mg 

by mouth, twice daily for 10 days; (c) bezlotoxumab 10 mg/kg intravenously administered 

for one dose plus vancomycin 125 mg making an oral solution from intravenous powder, 

four times daily for 10 days; (d) fidaxomicin 200 mg by mouth, twice daily on days 1–5, 

then once daily on alternate days from day 7 to day 25 (extended-pulsed) [3–5,8,14,15]. 

After therapy, patients could either experience clinical success or clinical failure, which were 

defined according to the corresponding clinical trials [3–5,8,10]. It is assumed that patients 

will proceed to clinical success or failure only after finishing the second 15-day cycle for 

extended-pulsed fidaxomicin. Cured patients remained in the short-term clinical cure state 

before they eventually maintained sustained clinical cure or developed new recurrent CDI 

episodes. A small proportion of patients whose CDI symptoms were too severe to be treated 

with any antibiotic therapy proceeded to colectomy, and patients could also die from any 

health state with a given probability [16,17]. See Technical Appendix for more details of 

model structure.

Input parameters

All parameters and ranges are summarized in Table 2. Most treatment-specific probabilities, 

including initial cure rates, first and second recurrence rates and sustained clinical cure rates, 

were derived from fidaxomicin and bezlotoxumab clinical trials [3–5,8]. Other input clinical 

probabilities, such as probabilities of colectomy and mortality, were assumed to be constant 
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across different therapies and were derived from non-trial clinical studies, Social Security 

Actuarial life-table data or estimated according to clinicians’ advice [17–20]. The declining 

exponential approximation of life expectancy (the DEALE) method was used to transfer 

discount rate and background mortality from annual set to biweekly set [21,22].

All costs were adjusted to 2020 US dollars according to the medical care consumer price 

index [23]. Direct drug costs, procedure costs and disease management costs were included 

in the model. Drug costs were derived from the 2020 Veterans Affairs Federal Supply 

Schedule to reflect the true cost to society, rather than specific payers [24]. All direct costs 

attributed to CDI hospitalization were derived from the CDI-attributable cost reported in 

Zhang et al. and multiplied by the number of CDI episodes [25]. Post-colectomy direct 

costs were estimated from 120-day long-term care costs of stoma management as an 

approximation due to lack of data [26]. Time-loss-associated indirect costs were calculated 

using the Bureau of Labor Statistics civilian compensation rate, time loss due to CDI 

episodes and proportion of inpatients in the baseline population [15,27]. Finally, health 

utility measurement data were derived and adjusted from previous CDI cost-effectiveness 

studies [10,12,28–30]. See Technical Appendix for more details of input parameters.

Sensitivity analysis

One-way sensitivity analyses were conducted in this study to evaluate the effect of 

uncertainty in parameters. Ranges for parameters were derived from the same sources as 

base values or assumed to be ±20% from base values when 95% statistical confidence 

intervals were not reported [31]. Specifically, the assumed ranges for clinical success 

probabilities were ±10% from base values according to results of randomized trials [3–5,8], 

and the assumed upper bound for any utility measurement was set to be 1 if base value plus 

20% was greater than 1.

Probabilistic sensitivity analyses were computed using 10 000 Monte Carlo simulations 

to further evaluate the robustness of model results. Probabilities, utilities and population 

characteristics were assumed to have β distributions, whereas costs and indirect cost-

associated time losses were assumed to have γ distributions [31]. Drug costs were assumed 

to be constant from the societal perspective and were not included in probabilistic sensitivity 

analyses.

The incremental net monetary benefit and its 80% uncertainty interval were estimated based 

on a willingness-to-pay (WTP) threshold of $150 000 per quality-adjusted life-year (QALY) 

and the probabilistic sensitivity analyses simulation results. This threshold is based on the 

World Health Organization’s recommendation that a threshold of three times the gross 

domestic product of the country, c.$150 000 per QALY in the USA, should be used [32].

Ethics

Consent was not provided for the study because it did not involve any human participants.
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Results

Base case

The result for the base-case population is shown in Table 3. The total QALY gain per 

patient was 11.64 for SOC vancomycin. Compared with vancomycin, extended-pulsed 

fidaxomicin, fidaxomicin and bezlotoxumab-vancomycin led to 0.01, 0.30 and 0.13 more 

QALYs, respectively. Estimated total cost per patient was $39 178 for vancomycin, $37 613 

for extended-pulsed fidaxomicin, $39 325 for fidaxomicin and $41 461 for bezlotoxumab-

vancomycin. Extended-pulsed fidaxomicin had a lower cost and a slightly higher QALY 

gain than vancomycin, suggesting its dominance over vancomycin. Fidaxomicin had about 

the same cost as vancomycin and relatively higher QALY gained, which led to an 

incremental cost-effectiveness ratio (ICER) of $495 per QALY gained and an incremental 

net monetary benefit of $44 308. Despite being the costliest treatment, bezlotoxumab-

vancomycin resulted in an ICER of $17 746 per QALY and was dominated by fidaxomicin 

if used over vancomycin. In addition, fidaxomicin had an ICER of $6004 per QALY gained 

and an incremental net monetary benefit of $41 060 when compared with extended-pulsed 

fidaxomicin.

Sensitivity analysis

Results of one-way sensitivity analyses are reported as tornado diagrams (see Technical 

Appendix Fig. 1–4). In all four one-way sensitivity analyses, the probabilities of sustained 

cure from initial episode for the corresponding treatments were the most sensitive inputs. 

Other inputs that dramatically shifted incremental net monetary benefits included first 

recurrence rates, baseline utility, average age of the patient population and attributable CDI 

mortality. Results were not particularly sensitive to drug costs.

Results of probabilistic sensitivity analyses are reported as cost-effectiveness acceptability 

curves and ICER scatterplots, respectively (see Technical Appendix Fig. 5–12). The 

acceptability curves show that at a low WTP threshold, vancomycin may be favoured over 

fidaxomicin and bezlotoxumab-vancomycin, but that fidaxomicin quickly becomes more 

favoured as the WTP threshold increases towards $3500 per QALY, where fidaxomicin 

has a 100% probability of being cost-effective. Bezlotoxumab-vancomycin becomes more 

favoured than vancomycin as the threshold passes $20 000 per QALY. At any WTP 

threshold lower than $150 000 per QALY, extended-pulsed fidaxomicin is more favoured 

than vancomycin; but compared with fidaxomicin, extended-pulsed fidaxomicin is only 

more favoured at a WTP threshold lower than $5000 per QALY.

Discussion

Among key cost-effectiveness studies, our study is the first to compare the cost-effectiveness 

of extended-pulsed fidaxomicin versus bezlotoxumab-vancomycin as well as fidaxomicin, 

and the first to evaluate the cost-effectiveness of CDI treatments based on lifetime horizon 

and from the US societal perspective (Table 4). Based on our results, fidaxomicin led to 

higher QALYs gained at a cost below any typical WTP threshold, and therefore was the 

most cost-effective treatment. Although bezlotoxumab-vancomycin is more cost-effective 
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than vancomycin at our WTP threshold of $150 000 per QALY, the higher costs and lower 

QALY gained suggest that it is dominated by fidaxomicin. Extended-pulsed fidaxomicin is 

associated with lowest cost and dominates over vancomycin, but is less cost-effective than 

fidaxomicin.

Our conclusions are partly consistent with Lam et al., which supports the cost-effectiveness 

of fidaxomicin versus bezlotoxumab-vancomycin [12]. Considering the lower recurrence 

rates of bezlotoxumab-vancomycin versus vancomycin in clinical trials and the similarly 

high prices of fidaxomicin and bezlotoxumab-vancomycin, it is likely that lower clinical 

treatment success rates of bezlotoxumab-vancomycin led to decreased QALYs gained 

and consequently made bezlotoxumab-vancomycin less cost-effective compared with 

fidaxomicin. Quantitatively, our results are similar to those of Prabhu et al. (ICER for 

bezlotoxumab-vancomycin of $17 746 per QALY gained versus $19 824 per QALY gained) 

and different from those of Lam et al. (ICER for fidaxomicin of $495 per QALY gained 

versus $500 975 per QALY gained) [10,12]. This is likely due to the similarity of base 

case populations, model structures and time horizons between this study and Prabhu et al. 

[10,12].

Our conclusions on extended-pulsed fidaxomicin versus vancomycin are also similar to 

those of Cornely et al. [9]. Extended-pulsed fidaxomicin probably benefited from lower 

recurrence rates and, consequently, from lower total costs, despite its price being far 

higher than that of vancomycin. On the other hand, extended-pulsed fidaxomicin failed to 

outperform fidaxomicin in our model, probably because of its extended course of treatment. 

Patients who took extended-pulsed fidaxomicin stayed in diseased stages for a longer period, 

which reduced total QALY gained compared with fidaxomicin and therefore diminished the 

overall performance of extended-pulsed fidaxomicin in the model.

Our results were sensitive to sustained clinical cure rates from the initial CDI episode and 

first recurrence, which indicated that the cost-effectiveness of CDI treatments was mostly 

affected by patient responses during their initial episodes. In light of previous findings 

showing that the rate of CDI recurrence increases as the number of recurrences increases 

[18], the most desired strategy for CDI management is to maximize initial episode treatment 

response and prevent recurrences.

The new CDI treatment guidelines in preparation in the USA recommend that: (a) for 

patients with initial CDI episode, fidaxomicin be used versus standard course vancomycin; 

(b) for patients with a recurrent CDI episode, fidaxomicin or extended-pulsed fidaxomicin 

be used versus standard course vancomycin; (c) for patients with a CDI episode and at 

least one risk factor for recurrence, bezlotoxumab be used as a co-intervention along 

with SOC antibiotics versus SOC antibiotics alone [33]. Our model results support the 

recommendations of fidaxomicin or extended-pulsed fidaxomicin rather than vancomycin 

as the preferred therapy for treating initial and recurrent CDI episodes. However, our 

model does not support the recommendation to use bezlotoxumab for CDI patients with 

higher risk of recurrence, as it favours the use of fidaxomicin, one of the SOC antibiotics. 

In addition, studies have shown that adding bezlotoxumab to fidaxomicin would give a 

similar magnitude of reduction in recurrent CDI as bezlotoxumab plus other SOC antibiotics 
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such as vancomycin or metronidazole, whereas very few patients have received this 

combination [34]. Based on the current evidence and price of bezlotoxumab, the application 

of this recommendation should be limited until more data can be obtained and further 

cost-effectiveness research can be conducted.

This cost-effectiveness analysis has several limitations. First, instead of modelling severe 

CDI patients and mild/moderate CDI patients differently, the analysis considered both 

subgroups in the same way and instead used percentage of severe CDI cases in the 

population at baseline to account for the potential difference, which may lead to 

underestimates of colectomy cost in each treatment arm. Second, the rates of sustained 

cure from recurrent CDI for vancomycin and fidaxomicin were calculated according to 

the reported value in clinical trials with assumptions. Similarly, the rates of sustained cure 

for bezlotoxumab-vancomycin and extended-pulsed fidaxomicin were assumed to be the 

same as for vancomycin or fidaxomicin because of data limitations. The sensitivity analysis 

illustrated that model results were not significantly sensitive to sustained cure rates from 

recurrent CDI; nevertheless, if these probabilities were higher in real clinical settings, 

fidaxomicin may not be the most cost-effective treatment. Third, this cost-effectiveness 

analysis chose vancomycin taper as the only second-line therapy and assumed all patients 

treated with vancomycin taper after experiencing clinical failure with first treatment were 

cured within 4 weeks. This assumption was based on clinicians’ expert opinion and findings 

in clinical practice guidelines for CDI in the USA [14]. If different clinical guidelines are 

used in different health centres, these assumptions may be violated. Fourth, the current 

analysis did not include different strains of C. difficile and their influence on recurrence 

rates. The hypervirulent BI/NAP1/027 strain of C. difficile is known to produce higher 

rates of severe and recurrent disease, and the trial data suggest that the main benefit 

of fidaxomicin, lowering recurrence rate, is limited in treatment of the BI/NAP1/027 

strain [3,4]. If a patient population has a high proportion of BI/NAP1/027 clones of C. 
difficile, the results of this analysis may be less applicable because the recurrence rates 

of such population are likely to be quite different. Fifth, the only SOC drug considered 

in this model was vancomycin. Although metronidazole may also be used as initial 

therapy for CDI in settings where access to vancomycin and fidaxomicin is limited, it 

is no longer recommended as first-line therapy by current Infectious Diseases Society of 

America guidelines [14]. Sixth, though we adjusted the parameters to simulate a head-to-

head comparison between bezlotoxumab-vancomycin, fidaxomicin, and extended-pulsed 

fidaxomicin, this analysis is not based on any real randomized controlled trials comparing 

them for either initial or recurrent CDI. Finally, many input parameters of the analysis 

were from clinical studies with small population sizes, which may not represent the general 

population. We aimed to account for such variability by adjusting the base-case values and 

testing the robustness of the model with probabilistic sensitivity analysis.

In conclusion, fidaxomicin was the most cost-effective regimen for the treatment of initial 

episode of CDI to prevent recurrence based on our analysis. Bezlotoxumab-vancomycin 

was found to be dominated by fidaxomicin. Although extended-pulsed fidaxomicin was 

dominant over vancomycin, it was shown to be less cost-effective than fidaxomicin.
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Fig. 1. 
Markov model diagram; CDI, Clostridioides difficile infection.
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Table 1

Baseline population characteristics

Variable Inputs Range Reference

Size 1000
N/A 

a
N/A 

a

Average age (year) 62.4 49.9–74.9 [3,4]

% age ≥65 years 49.5% 39.6%–59.4% [3,4]

% female 58.2% 46.6%–69.8% [3,4]

% inpatient 63.4% 50.8%–76.1% [3,4]

% severe CDI 32.5% 26.0%–39.0% [3,4]

Abbreviations: CDI, Clostridioides difficile infection.

a
Assumed value.
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