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Abstract

Objectives—The reduction in recurrent Clostridium difficile–associated diarrhea (CDAD) with 

fidaxomicin therapy may reduce hospital readmissions and lead to lower overall CDAD costs. 

However, studies assessing the cost-effectiveness of fidaxomicin as first-line therapy from the 

U.S. hospital perspective are lacking. This study evaluated the costs associated with utilizing 

fidaxomicin or vancomycin as a first-line therapy for CDAD in specific patient populations from a 

U.S. hospital perspective.

Methods—A decision-analytic model was developed to estimate total costs (hospitalization and 

drug costs) associated with using fidaxomicin or vancomycin as first-line therapy for a first 

episode and up to two recurrences of CDAD in five patient populations: general population, 

elderly, patients receiving concomitant antibiotics, and patients with renal impairment or cancer.

Results—The total cost of CDAD treatment using fidaxomicin first line in the general population 

was $14,442 per patient versus $14,179 per patient with vancomycin first line. In subgroup 

analyses, fidaxomicin use resulted in total hospital cost savings of $616 per patient in patients 

with cancer and $312 in patients with concomitant antibiotic use; vancomycin use was associated 

with total hospital cost savings of $243 per patient in the elderly and $371 in patients with renal 

impairment.

Conclusions—Fidaxomicin as first-line CDAD therapy is associated with similar total costs as 

compounded vancomycin oral solution in the general population. In elderly and renally impaired 

patients, slight increases in hospital cost were observed with fidaxomicin therapy, and in patients 

with cancer or concomitant antibiotic use, hospital cost savings were observed.
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Clostridium difficile, a common cause of potentially life-threatening diarrheal disease, is the 

most prevalent pathogen among all health care–associated infections.1 This microorganism 

is classified by the Centers for Disease Control and Prevention as an urgent threat to public 

health.2 Clostridium difficile–associated diarrhea (CDAD) presents a significant burden 

to the U.S. health care system. CDAD-related hospitalizations nearly doubled between 

2001 and 2010 while mortality and hospital length of stay (LOS) have yet to decline.3 

Importantly, aggregate hospital costs among inpatients with CDAD exceed $8.2 billion 

annually.4

Although metronidazole and vancomycin have been the predominant CDAD therapies for 

decades, these antibiotics are associated with high rates of treatment failure and disease 

recurrence. Approximately 20–25% of individuals experience recurrent CDAD despite 

successful treatment of the initial episode.5–8 In those patients who have already experienced 

one recurrence, the risk of additional recurrences can be as high as 65%.9

The approval of fidaxomicin in 2011 marked the first new antibiotic indicated for CDAD in 

25 years. In clinical trials, fidaxomicin was associated with significantly greater sustained 

clinical response and lower disease recurrence at 25 days follow-up as compared with 

vancomycin.5, 10, 11 Subsequent analyses of clinical trial data found that fidaxomicin may 

be more effective than vancomycin at preventing recurrent CDAD in certain high-risk 

subpopulations including the elderly, patients receiving concomitant antibiotics, and those 

with renal impairment or cancer.5, 10–14

Recurrent CDAD results in substantial costs to the health care system due to extended 

rehospitalizations and additional antibiotic courses. Despite this, health systems are reluctant 

to use fidaxomicin as first-line therapy because of higher drug acquisition costs as compared 

with metronidazole or vancomycin. The reduction in recurrent CDAD following fidaxomicin 

therapy likely reduces hospital readmissions, leading to lower overall CDAD costs; however, 

studies assessing the cost-effectiveness of fidaxomicin as first-line therapy from the hospital 

perspective are lacking.

The objective of this study was to determine the costs associated with utilizing fidaxomicin 

versus vancomycin as first-line therapy for CDAD in the general population, as well as in 

subpopulations at high risk for recurrent CDAD, from a U.S. hospital perspective.

Methods

Model Framework

A decision-analytic model was developed using Microsoft Excel to estimate the health 

outcomes and hospital-related inpatient costs associated with different CDAD treatment 

pathways. Figure 1 illustrates the structure of the decision model. In this model, initial 

CDAD treatment and subsequent treatment for up to two recurrences of CDAD were 
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considered. The model takes the perspective of a U.S. hospital system and only includes 

direct costs incurred in the hospital.

For this analysis, two treatment pathways were compared: the fidaxomicin pathway 

and the vancomycin pathway. In the fidaxomicin pathway, fidaxomicin (200 mg orally 

twice/day for 10 days) was administered as first-line therapy for the initial CDAD 

episode. In the vancomycin pathway, vancomycin (125 mg compounded oral solution 

4 times/day for 10 days) was administered as first-line therapy for the initial CDAD 

episode. Both pathways used identical treatment regimens for failure of first-line CDAD 

therapy, first CDAD recurrence, or second CDAD recurrence treatment (vancomycin 

250 mg compounded oral solution 4 times/day) and identical initial treatment regimens 

for each recurrence (vancomycin 125 mg compounded oral solution 4 times/day). The 

treatment pathways were developed based on expert opinion, given that the current Society 

for Healthcare Epidemiology of America/Infectious Diseases Society of America clinical 

practice guidelines for C. difficile infections stratify therapy recommendations by disease 

severity.15

The model considered five different patient groups: general population, elderly (65 yrs or 

older), patients with cancer (active solid tumor or hematologic malignancy), patients with 

concomitant antibiotic use (one or more doses of oral or intravenous antibiotics during 

treatment for CDAD or up to 25 days after the end of therapy), and patients with renal 

impairment (stage 3 or 4 chronic kidney disease).

Model Inputs and Assumptions

Table 1 presents all clinical inputs used in the model for the general population. The clinical 

cure and first recurrence rates were based on pooled findings from two head-to-head phase 

III clinical trials comparing fidaxomicin and vancomycin for CDAD first episode or first 

recurrence.5, 11, 16 Efficacy inputs for the subpopulations were obtained from published 

subanalyses describing specific patient populations within these trials (Table 2).5, 11–14

It was assumed that all patients who failed the initial treatment were prescribed vancomycin 

250 mg orally 4 times/day and were cured. The treatment failure rate was assumed to be 

the same as the initial failure rate from the clinical trials for all recurrences. The rate of 

second recurrence was derived from patients who received fidaxomicin or vancomycin for 

a first recurrence in the general population within the clinical trials and subsequently had 

a recurrence.17 Because these data were not available in the subpopulations, the same rates 

were applied to all groups. Using data from one study,21 it was estimated that approximately 

half (51.6%) of patients who experienced recurrent CDAD were rehospitalized; patients not 

readmitted for their recurrent episode were assumed to be treated outside of the hospital and 

did not incur additional hospital costs.

Table 1 presents the daily drug costs. The cost of fidaxomicin was based on a standard 29% 

discount on the wholesale acquisition cost given in U.S. hospitals at the time of the analysis. 

It was assumed that vancomycin would be compounded from the intravenous solution in the 

hospital, and the cost was adjusted accordingly based on expert opinion and prior economic 

models.22–24
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Initial hospitalization costs for the general population and model subpopulations were 

obtained from the Agency for Healthcare Research and Quality’s Healthcare Cost and 

Utilization Project (Table 1).4 The cost of recurrence was taken from a study that included 

costs from 2003–2009.18 Hospitalization costs were adjusted using the U.S. Consumer Price 

Index inflation calculator to reflect 2014 U.S. dollar values. Published cost data were not 

available for the subpopulations; therefore, hospitalization costs were assumed to be the 

same as for the general population.

The LOS for initial or recurrent CDAD was ~6 days based on published literature.19, 20 

Patients failing initial treatment were estimated to be hospitalized for an additional 3 days.19, 

22 Because LOS was estimated to be half of the initial episode, the cost of additional hospital 

days in cases of treatment failure for any CDAD episode was estimated as half the cost of 

an initial CDAD hospitalization. Because the indicated duration of CDAD therapy exceeds 

LOS (10 days for fidaxomicin and 10–14 days for vancomycin), patients were assumed to 

complete the remaining treatment outside of the hospital following discharge. Any treatment 

cost incurred in the outpatient setting was not included in this model.

The primary outcome assessed by the model was inpatient costs that represent the sum 

of hospitalization costs and drug costs. Costs were also analyzed by CDAD episode and 

segmented by cost components. Costs were calculated based on the probability of each 

patient progressing to the next step in the pathway. For example, CDAD recurrence costs 

accounted for the probability of recurrence given the initial treatment, as well as the 

probability of rehospitalization for the recurrent episode.

Sensitivity Analysis

A univariate sensitivity analysis was performed on cost and efficacy parameters for the 

general population across a predefined range of values to assess the impact of model 

uncertainties and the robustness of the analysis (Table 1). Low and high values for each 

parameter were set using the 95% confidence interval (CI) provided in the peer-reviewed 

study, if available.4, 18, 22 When a 95% CI was unavailable, the low and high values were 

set as ±25% of the base value provided in the corresponding study.5, 11, 16, 19, 20 The results 

are presented in the form of a tornado diagram, with variables stacked in decreasing order 

of impact on incremental total costs (cost of vancomycin pathway minus cost of fidaxomicin 

pathway).

In addition, a sensitivity analysis was conducted to determine the impact of fidaxomicin 

use for recurrent episodes. Specifically, total costs for initial episodes, first recurrences, 

and second recurrences were calculated for each pathway when fidaxomicin 200 mg orally 

twice/day was used for the first recurrence only and for both the first and second recurrence.

Results

In the general population, the total cost of CDAD treatment was $14,442 per patient for 

fidaxomicin first-line therapy versus $14,179 for vancomycin (Figure 2). The cost of the 

initial hospitalization, which was similar between treatment pathways, comprised most of 

the overall CDAD cost (range 82–84% of total costs) (Figure 2). Despite the substantially 
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higher per patient drug costs with fidaxomicin in the initial CDAD episode, lower recurrence 

rates with fidaxomicin resulted in fewer rehospitalizations, offsetting most of the drug costs.

Subgroup Analysis

In addition to the overall population, the model determined costs associated with CDAD 

therapy among the elderly, cancer patients, patients with concomitant antibiotic use, and 

renally impaired patients treated in the hospital setting. Figure 3 provides the estimated costs 

for each of these patient subgroups.

In the elderly and renal impairment patient populations, vancomycin use resulted in total 

hospital cost savings of $243 and $371 per patient, respectively (Figure 3A, B). In contrast, 

fidaxomicin use resulted in total hospital cost savings of $616 and $312 per patient for 

cancer and concomitant antibiotic use subgroups, respectively (Figure 3C, D). When costs 

were analyzed by CDAD episode, a consistent pattern of cost reduction was observed 

during the treatment of recurrent CDAD infections across all patient groups in patients who 

received fidaxomicin for initial CDAD.

Sensitivity Analysis

The results of the univariate sensitivity analysis are illustrated by the tornado diagram in 

Figure 4. The base-case incremental total cost was sensitive to 8 of the 11 parameters 

analyzed. The parameter with the largest impact on the cost difference was the rate of 

first recurrence associated with vancomycin treatment. As the figure illustrates, the higher 

the rate of first recurrence associated with vancomycin, the more favorable the model is 

to fidaxomicin. In terms of incremental cost (defined as cost associated with vancomycin 

minus cost associated with fidaxomicin), higher first recurrence rates result in higher 

incremental costs associated with vancomycin use, and vice versa. Rate of second recurrence 

associated with fidaxomicin treatment, attributable hospitalization cost of initial CDAD, and 

number of days of drug therapy received in the hospital per successfully treated episode did 

not impact base-case results.

In the general population, fidaxomicin use for recurrences had little impact on total costs. 

When oral vancomycin was used first line, but fidaxomicin was used for the first recurrence, 

total costs increased from $14,179–$14,229. When fidaxomicin was used for the first 

and second recurrences, total costs increased to $14,246. In the fidaxomicin pathway, 

fidaxomicin use for the first recurrence only or for first and second recurrences increased 

total costs from $14,442–$14,471 or $14,481, respectively.

Discussion

CDAD contributes to poor patient health and high health care resource utilization; thus it is 

imperative to identify therapeutic strategies that not only improve patient health outcomes 

but also reduce costs. This is one of the first models to evaluate the total costs associated 

with treating CDAD from a hospital perspective. Importantly, this study also evaluated 

the costs of treating CDAD in subpopulations of patients traditionally at higher risk for 

recurrence. Using a decision tree model that included up to two CDAD recurrences, the 

total costs associated with treating CDAD were found to be similar between treatment 
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pathways that included first-line fidaxomicin or first-line compounded oral vancomycin. 

Despite higher drug costs in the fidaxomicin pathway, overall costs were offset by reducing 

rehospitalizations due to recurrences. Hospitalization costs for the initial episode and 

recurrences were the major cost drivers, comprising a large proportion of the total cost 

of CDAD, whereas overall drug costs account for a small fraction of the total cost (range 

1–9% of total costs). These findings highlight the importance of assessing hospital and drug 

costs and health outcomes simultaneously, with the goal of providing the most cost-effective 

therapies for patients.

Prior studies evaluated the cost-effectiveness of fidaxomicin for CDAD with mixed 

results.22, 23, 25, 26 One group22 developed a decision-analytic model to test the cost utility 

of fidaxomicin compared with oral vancomycin from the third-party payer perspective. 

This model, which considered up to two CDAD recurrences, found fidaxomicin to 

be cost-effective at a willingness-to-pay threshold of $100,000. In addition, a single-

center retrospective cohort study27 assessed the economic impact of a hospital protocol 

encouraging first-line fidaxomicin use using Medicare reimbursement values for CDAD. 

Similar to the current findings, hospital costs were the primary cost driver, and fidaxomicin 

use resulted in overall cost savings of $3047 per patient. In contrast, other studies have 

found fidaxomicin to be cost prohibitive for the treatment of certain subpopulations, 

such as those with severe or recurrent CDAD.23, 25 In particular, one model made a 

similar comparison of fidaxomicin and vancomycin from the Canadian health care system 

perspective in patients with severe CDAD. This study found the incremental cost per 

recurrence avoided was $13,202. The authors concluded that fidaxomicin for the treatment 

of severe CDAD was associated with a cost increase to the Canadian health care system.25 

Cost and clinical outcome input selections should be considered when comparing findings 

among studies, including this study.

In contrast to the general population, fidaxomicin use as first-line therapy resulted in 

cost savings for certain CDAD subpopulations, namely patients with cancer and those 

receiving concomitant antibiotics during or after CDAD therapy. This finding may be 

attributed to the more pronounced differences in initial clinical cure favoring fidaxomicin 

in these populations. Specifically, composite data from clinical trials found that fidaxomicin 

was associated with ~11% absolute risk reduction of treatment failure compared with 

vancomycin.16 In the current model, this would lead to reduced downstream resource 

utilization and shorter hospital stays. In addition, the use of fidaxomicin results in 

significantly lower recurrence rates, which likely leads to fewer rehospitalizations. Despite 

significantly reduced recurrence rates in clinical trials, elderly patients with CDAD or those 

with renal impairment experienced similar cure rates with vancomycin and fidaxomicin. 

This could have been responsible for the comparable overall costs associated with treating 

CDAD in these subpopulations.

There is a paucity of data describing costs and rates of recurrence and rehospitalization 

in CDAD patient subpopulations. In this model, a conservative assumption was made 

that the cost associated with treating CDAD in these subpopulations was the same as 

the general population. However, it is likely that these patients incur increased costs 

attributable to CDAD during their hospital stay due to the complexity of their underlying 
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condition; therefore, this model may underestimate the cost savings associated with first-line 

fidaxomicin therapy. In addition, because these subpopulations tend to have higher rates 

of recurrence compared with the general population, they are likely rehospitalized more 

frequently. Given the potential of fidaxomicin to reduce recurrences, it is likely that first-line 

use in these subpopulations would result in decreased downstream resource utilization.

Conservative clinical and cost inputs were selected so as to not bias the results toward 

fidaxomicin. Oral vancomycin compounded from intravenous powder was evaluated for 

the alternative treatment pathway and for treatment failures and recurrences. Hospitals 

or health systems that use commercially available oral vancomycin capsules might find 

a cost benefit with fidaxomicin beyond what was found in this study. Similarly, health 

systems that use higher vancomycin doses or combination vancomycin plus metronidazole 

therapy might consider these cost differences when selecting initial treatments. In addition, 

an assumption was made that the rate of second recurrence was the same as the general 

population in all subpopulations. The second recurrence rate was taken from a small subset 

of data from phase III clinical trials, and it may not be representative of patients in the real 

world.5 Prior observational studies found second recurrent CDAD rates as high as 31–65%, 

especially when considering recurrences that occur beyond 30 days of follow-up.9,28–30 

These analyses emphasize the importance of evaluating the rate of CDAD recurrences in 

individual hospitals or health systems. Next, it was assumed that only 51.6% of patients who 

experience recurrent CDAD were readmitted in all of the subpopulations based on a single 

study.21 Data describing the proportion of patients with recurrence who are readmitted are 

scarce, and this estimate may be conservative given the various high-risk subpopulations 

considered in this model. Finally, a recent publication31 reported average direct hospital 

costs ($21,448) and hospital LOS (11 days) attributable to C. difficile infection management 

higher than that used in the current model; therefore, these findings might underestimate the 

cost-effectiveness of fidaxomicin.

Reducing CDAD recurrences through aggressive infection control and effective 

antimicrobial therapy could impact both the patient and the health care system beyond 

the findings presented here. CDAD recurrence is detrimental to the patient because it 

increases morbidity and mortality, and reduces quality of life associated with repeated 

episodes of diarrhea.32, 33 Patients with recurrent CDAD experience prolonged symptoms 

and require repeated courses of antibiotics.33 This can lead to increased risk of adverse 

effects, rehospitalizations, and development of multidrug-resistant pathogens. Recurrent 

CDAD patients also continue to serve as a reservoir that can lead to infection in other 

vulnerable patients.34 Under the Centers for Medicare and Medicaid Services’ Hospital 

Read-missions Reduction Program, hospitals are penalized for excess hospital readmissions 

and specifically for patients with certain medical conditions who are readmitted to the 

hospital within 30 days.35 Although CDAD is not specified under this policy, patients with 

CDAD often have multiple comorbid conditions or concomitant infections that might fall 

under these policies. For example, if a patient who was initially hospitalized for pneumonia 

develops CDAD or recurrent CDAD and has to be readmitted within 30 days, the hospital 

will be penalized. Finally, although patient quality of life and symptom burden were not 

considered in this model, it is critical to consider the potential burden of recurrence when 

making initial treatment decisions in these high-risk patient populations.
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This study has potential limitations, in addition to the inherent limitations of economic 

modeling. This model differs from other published models in that it does not consider 

patient quality of life but rather considers only costs and clinical outcomes. No formal 

studies have evaluated quality of life associated with CDAD or recurrences; therefore, it was 

not included in these analyses so as not to bias the results. Model stratification for CDAD 

severity or the presence of the NAP1/BI/027 strain was not included. The costs associated 

with treating severe CDAD have not been clearly defined, and testing for specific C. difficile 
strains is not routinely conducted in clinical practice; not including these factors should 

not invalidate these findings. CDAD costs vary by patient and institution, particularly in 

regard to hospital reimbursement for patient complications and comorbid conditions. Thus 

these results might not be generalizable to all individual patients or health care facilities. 

Because of limited data, it was necessary to use two separate data sources for initial 

and recurrent episode hospitalization cost estimates. The cost of recurrences at individual 

facilities should be compared with that used in this study to better inform first-line CDAD 

therapy choices. Costs might also be affected by the use of newer CDAD drug therapies, 

like bezlotoxumab; however, further economic analyses are needed to determine the most 

cost-effective use of this drug in combination with existing antimicrobials. CDAD mortality 

rates could also affect total treatment costs because those who die during a CDAD episode 

would be removed from the risk pool for subsequent recurrences. Lastly, this model does 

not consider indirect medical, nonmedical costs, or productivity loss. Therefore, these results 

likely underestimate the full economic burden of treating CDAD.

Fidaxomicin as first-line CDAD therapy is associated with similar total costs compared 

with compounded vancomycin oral solution in the general population, elderly patients, and 

patients with renal impairment. In addition, hospital cost savings were observed in patients 

with cancer and concomitant antibiotic use who received fidaxomicin as first-line therapy. 

Cost savings associated with fidaxomicin are largely attributable to lower recurrence rates 

leading to fewer rehospitalizations. The results of this economic evaluation emphasize the 

importance of selecting initial CDAD therapy in the hospital setting based on recurrence 

risk, rather than solely on drug acquisition costs.
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Figure 1. 
Model structure: decision tree used in the treatment pathway for Clostridium difficile–

associated diarrhea (CDAD). Tx = treatment.
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Figure 2. 
Per patient cost of Clostridium difficile–associated diarrhea (CDAD) treatment in the 

general population for two different treatment pathways (fidaxomicin first line vs 

vancomycin first line), by CDAD episode. FDX = fidaxomicin; rCDAD = recurrent C. 
difficile–associated diarrhea; VAN = vancomycin.
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Figure 3. 
(A–D) Overall per patient cost of Clostridium difficile–associated diarrhea (CDAD) 

treatment in different patient populations. FDX = fidaxomicin; rCDAD = recurrent C. 
difficile–associated diarrhea; VAN = vancomycin.
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Figure 4. 
Univariate sensitivity analysis. CDAD = Clostridium difficile–associated diarrhea; FDX = 

fidaxomicin; rCDAD = recurrent C. difficile–associated diarrhea; VAN = vancomycin.
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