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Background. Clostridium difficile infection (CDI) is an important cause of morbidity and healthcare costs, and is
characterized by high rates of disease recurrence. The cost-effectiveness of newer treatments for recurrent CDI has
not been examined, yet would be important to inform clinical practice. The aim of this study was to analyze the cost
effectiveness of competing strategies for recurrent CDI.

Methods. We constructed a decision-analytic model comparing 4 treatment strategies for first-line treatment of
recurrent CDI in a population with a median age of 65 years: metronidazole, vancomycin, fidaxomicin, and fecal
microbiota transplant (FMT). We modeled up to 2 additional recurrences following the initial recurrence. We as-
sumed FMT delivery via colonoscopy as our base case, but conducted sensitivity analyses based on different modes of
delivery. Willingness-to-pay threshold was set at $50 000 per quality-adjusted life-year.

Results. At our base case estimates, initial treatment of recurrent CDI using FMT colonoscopy was the most
cost-effective strategy, with an incremental cost-effectiveness ratio of $17 016 relative to oral vancomycin. Fidaxomi-
cin and metronidazole were both dominated by FMT colonoscopy. On sensitivity analysis, FMT colonoscopy re-
mained the most cost-effective strategy at cure rates >88.4% and CDI recurrence rates <14.9%. Fidaxomicin
required a cost <$1359 to meet our cost-effectiveness threshold. In clinical settings where FMT is not available or
applicable, the preferred strategy appears to be initial treatment with oral vancomycin.

Conclusions. In this decision analysis examining treatment strategies for recurrent CDI, we demonstrate that
FMT colonoscopy is the most cost-effective initial strategy for management of recurrent CDI.

Keywords. Clostridium difficile infection; vancomycin; fidaxomicin; metronidazole; fecal microbiota transplant.

Clostridium difficile infection (CDI) is the leading cause
of nosocomial diarrhea in the United States and is asso-
ciated with considerable morbidity [1]. There has also
been an increase in the incidence and severity of CDI,
and recognition of how community-acquired CDI con-
tributes to the healthcare burden [2]. The economic
costs of CDI exceeds $1 billion annually in the United

States, with a similarly high burden in Europe [3, 4].
Contributing to this is the substantial risk of recurrent
CDI. One-third of patients with CDI experience recur-
rent disease despite a primary cure; this proportion rises
to two-thirds after the first episode of recurrence. The
consequences of recurrent CDI are compounded by
the fact that in patients at the highest risk of recurrent
disease, risk factors for recurrence remain impossible
(age, comorbidity) or difficult to modify (continued
hospitalization or long-term-care facility stay, ongoing
antibiotic use). Thus, identification of appropriate strat-
egies to manage recurrent CDI is an important goal.

Our armamentarium for management of CDI and
disease recurrence has increased. Both metronidazole
and vancomycin are associated with substantial rates
of recurrent disease [2]. Fidaxomicin promises reduced
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rates of recurrence, but its high cost has prohibited more wide-
spread use [5, 6]. Other nonpharmacologic therapeutic ap-
proaches have emerged. Fecal microbiota transplant (FMT),
involving luminal infusion of feces from a healthy donor to a
patient, is highly effective for recurrent CDI [7–11]. FMT
shows extraordinary clinical resolution rates with very low
rates of recurrence, suggesting that the restoration of microflora
diversity may surpass the efficacy of conventional therapy.
However, the lack of comparative effectiveness studies and
long-term follow-up preclude development of an optimal
cost-effective treatment algorithm at a societal level.

The cost-effectiveness of a therapeutic strategy depends both
on treatment-associated costs and health and cost benefits
through prevention of future recurrences. A prior cost-utility
analysis comparing fidaxomicin and vancomycin for the treat-
ment of an initial episode of CDI or first recurrence suggested
that fidaxomicin might be a cost-effective option under a few
clinical scenarios [12]. However, there were several limitations
to this analysis, including lack of a range of options for the treat-
ment of recurrence and exclusion of promising therapies such
as FMT. To date, there have been no comprehensive decision
analytic models examining the optimal management of recur-
rent CDI that include FMT; this would be an important tool
to inform clinical practice given the expanding spectrum of
treatment options and increasing physician and patient interest.
Thus, the aim of our study was to analyze the cost effectiveness
of 4 competing strategies for the management of recurrent CDI
where the first-line treatments were metronidazole, vancomy-
cin, fidaxomicin, or FMT. We performed various sensitivity
analyses to mimic relevant clinical scenarios across a range of
efficacy and costs, and suggest optimal thresholds for future
therapies to be cost-effective.

METHODS

Model Structure
We constructed a decision-analytic model comparing 4 strate-
gies for the management of the recurrent CDI. The first-line
therapies for the strategies were (1) metronidazole, (2) vanco-
mycin, (3) fidaxomicin, and (4) FMT (Supplementary Figure 1A
and 1B). We modeled up to 2 additional recurrences following
the initial recurrence with subsequent treatments based on
guidelines [6]. Strategies were compared using identical hypo-
thetical cohorts of adult patients with a median age of 65
years [7]. Within the decision tree, patients contributed
person-time in 1 of 6 health conditions: healthy, mild-moderate
CDI, severe CDI, persistent recurrent disease, postcolectomy,
and death. Death occurred due to severe CDI or following co-
lectomy. The time horizon for the model was 1 year. Quality-
adjusted life-years were calculated as the product of time in a
particular health condition and the utility of that particular

condition. All analyses were performed using TreeAge Pro
2013 (TreeAge, Williamstown, Massachusetts).

Diagnostic testing for C. difficile was done using polymerase
chain reaction (PCR); all patients were initiated on treatment at
diagnosis. Patients with a first recurrence of CDI were assumed
to have mild-moderate disease diagnosed at an outpatient visit.
Patients could be treated initially with oral metronidazole, out-
patient oral vancomycin, fidaxomicin, or FMT colonoscopy (see
Table 1 for drug dosing; Supplementary Figure 1A and 1B). Fol-
lowing treatment, patients were cured, cured but developed re-
currence of mild-moderate CDI 3 weeks following cure, or were
treatment failures. Patients who failed treatment were consid-
ered nonresponders who either continued to have persistent
mild-moderate CDI or developed severe CDI requiring hospi-
talization [13]. Nonresponders with mild-moderate CDI re-
ceived the same treatment as those initially achieving cure but
subsequently developing recurrent CDI. The probabilities of
initial cure rates (Table 1) and nonresponse sum to 1; rates of
recurrence were modeled as a fraction of the population who
achieved clinical cure following the initial CDI recurrence.

Consistent with published guidelines, patients who received
metronidazole for a first CDI recurrence were treated with oral
vancomycin for a second recurrence, and outpatient oral vanco-
mycin pulse/taper for a third recurrence [6, 14–16]. Patients who
received outpatient oral vancomycin or fidaxomicin for a first CDI
recurrencewere given outpatient oral vancomycin pulse/taper for a
second recurrence, and FMT via colonoscopy for a third recur-
rence [5, 17, 18]. Finally, patients who received FMT for a first
CDI recurrence were given repeat FMT by the same mode of
delivery for a second recurrence, and outpatient oral vancomycin
pulse/taper for a third recurrence [10, 19, 20]. In the model com-
paring different modalities of FMT delivery, we assumed that FMT
colonoscopy was performed for a third recurrence in the vanco-
mycin or fidaxomicin strategies. In the model where FMT was
not available, we assumed that fidaxomicin was used for a third
recurrence. We examined 5 different treatment scenarios. The
first 3 treatment scenarios compared the 3 initial pharmacologic
treatment arms with each of the 3 FMT delivery methods—
colonoscopy (scenario 1, base case), duodenal infusion (scenario
2), or enema (scenario 3). In the fourth scenario, we assumed
that all 3 modalities of FMT delivery were available, and compared
them simultaneously to the 3 pharmacologic strategies (scenario
4). Finally, recognizing that FMT may not be available as a treat-
ment option in all patients or all settings, we compared the cost-
effectiveness of the 3 pharmacologic strategies alone (scenario 5).

Hospitalized patients with severe CDI were treated with
inpatient vancomycin (intravenous compounded for oral)
plus intravenous metronidazole. On the basis of published
data, we assumed a median hospitalization duration of 2
weeks, culminating in cure, colectomy, or death [6, 21–25].
For those with a treatment failure following a third recurrence,
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we also modeled a state of “persistent recurrent disease” in
addition to the possibilities of cure, colectomy, and death.
Persistent recurrent disease had a similar utility as mild-

moderate CDI with an average cost during this time (mean 9
weeks) equivalent to 2 outpatient follow-up visits and 1
hospitalization.

Table 1. Transition Probabilities, Costs, and Utilities

Variable Base Case Range Distribution References

Probabilities

Oral metronidazole–cure 0.710 0.500–0.950 Beta (0.710; SD 0.113) [14, 16]
Oral metronidazole–recurrence 0.421 0.316–0.526 Beta (0.421; SD 0.053) [14, 16]

Outpatient oral vancomycin–cure 0.916 0.687–1.000 Beta (0.916; SD 0.115) [16, 17]

Outpatient oral vancomycin–recurrence 0.355 0.323–0.462 Beta (0.355; SD 0.035) [16, 17]
Fidaxomicin–cure 0.937 0.703–1.000 Beta (0.937; SD 0.117) [5, 17]

Fidaxomicin–recurrence 0.197 0.148–0.246 Beta (0.197; SD 0.025) [5, 17]

FMT colonoscopy–cure 0.945 0.715–1.000 Beta (0.945; SD 0.071) [8–11]
FMT colonoscopy–recurrence 0.091 0.054–0.158 Beta (0.091; SD 0.026) [10, 19, 20]

FMT duodenal infusion–cure 0.813 0.610–1.000 Beta (0.813; SD 0.098) [38]

FMT duodenal infusion–recurrence 0.063 0.047–0.078 Beta (0.063; SD 0.008) [38]
FMT enema–cure 0.815 0.760–0.990 Beta (0.815; SD 0.058) [37]

FMT enema–recurrence 0.091 0.054–0.158 Beta (0.091; SD 0.026) [10, 19, 20, 37]

Outpatient oral vancomycin pulse/taper–cure 0.690 0.518–0.863 Beta (0.690; SD 0.086) [15, 18]
Outpatient oral vancomycin pulse/taper–recurrence 0.274 0.206–0.343 Beta (0.274; SD 0.034) [5, 15, 18]

Severe CDI if treatment failure 0.180 0.135–0.225 Beta (0.180; SD 0.023) [13]

Colectomy for severe CDI 0.280 0.013–0.880 Beta (0.280; SD 0.217) [23–25]
Mortality from severe CDI, postcolectomy 0.413 0.340–0.800 Beta (0.413; SD 0.115) [6, 25, 26]

Mortality from severe CDI, medical treatment 0.580 0.580–0.805 Beta (0.580; SD 0.056) [23–26]

Costs, 2012 US$
Oral metronidazole 500 mg tid × 10 d 22 17–28 Gamma (22; SD 3) [6], CMS

Intravenous metronidazole 500 mg tid × 10 d 32 24–40 Gamma (32; SD 4) CMS

Outpatient oral vancomycin 125 mg qid × 10 d 680 510–850 Gamma (680; SD 85) [6], CMS
Vancomycin IV compounded for oral at 125 mg qid × 10 d 250 188–313 Gamma (250; SD 31) [6], CMS

Oral vancomycin 500 mg qid × 4 d prior to FMT 1088 816–1360 Gamma (1088; SD 136) [6], CMS

Outpatient oral vancomycin pulse/tapera 850 638–1063 Gamma (850; SD 106) [6], CMS
Fidaxomicin 200 mg bid × 10 d 2800 2300–3300 Gamma (2800; SD 250) [6], CMS

Colonoscopy 403 302–504 Gamma (403; SD 50) CPT 45378, CMS

Esophagogastroduodenoscopy 305 229–381 Gamma (305; SD 38) CPT 43235, CMS
Cost of FMT preparation and instillationb 112 84–140 Gamma (112; SD 14) CPT G0455, CMS

Cost of testing recipient prior to FMT 119 89–149 Gamma (119; SD 15) CMS

Cost of testing donor prior to FMT 528 396–660 Gamma (528; SD 66) CMS
Colectomy 37 629 28 222–47 036 Gamma (37629; SD 4704) [31]

Median cost of hospitalization for CDI 15 675 14 014–17 335 Gamma (15675; SD 830) [4]

Initial outpatient visit 105 79–131 Gamma (105; SD 13) HCPCS 99203, CMS
Follow-up outpatient visits 104 78–130 Gamma (104; SD 13) HCPCS 99214, CMS

Clostridium difficile nucleic acid amplification testing 50 37–62 Gamma (50; SD 6) CMS

Utilities
Healthy patient, median age 65 0.88 0.84–0.92 Triangular (0.88, 0.84, 0.92) [33]

Mild-moderate CDI 0.82 0.72–0.93 Triangular (0.82, 0.72, 0.93) [32, 34, 35, 42]

Severe CDI 0.71 0.50–0.72 Triangular (0.71, 0.50, 0.72) [32, 34, 35, 42]
Colectomy 0.61 (1 mo) 0.32–0.84 Triangular (0.61, 0.32, 0.84) [32, 34, 35]

Postcolectomy 0.86 0.84–0.94 Triangular (0.86, 0.84, 0.94) [31, 32]

Abbreviations: bid, twice daily; CDI, Clostridium difficile infection; CMS, Centers for Medicare and Medicaid Services; CPT, Current Procedural Terminology; FMT,
fecal microbiota transplant; HCPCS, Healthcare Common Procedural Coding System; IV, intravenous; qid, 4 times daily; SD, standard deviation; tid, 3 times daily.
a Outpatient oral vancomycin pulse/taper: 125 mg qid × 10 days, followed by 125 mg every 3 days for a total of 10 additional doses.
b Does not include donor or recipient testing (see Methods).
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Fecal Microbiota Transplant
We selected FMT delivery via colonoscopy as our base case
strategy as this is the most widely adopted method. All patients
undergoing FMT, regardless of mode of delivery, received 4 days
of oral vancomycin 500 mg every 6 hours prior to the pro-
cedure. Because therapeutic enema is not assigned a distinct
Current Procedural Terminology (CPT) code, the cost of an
enema was considered to be equal to an outpatient office visit.
We assumed the efficacy of one-time FMT administration based
on published studies (Table 1). The FMT colonoscopy cure rate
was pooled from published clinical resolution rates [8–11]. The
same clinical resolution and recurrence rates were used for a
second FMT after failure of the first FMT, as studies have
shown that similarly high rates of cure without recurrence can
be achieved with a repeat FMT.

Donor testing prior to FMT included routine laboratory
screening, stool testing, and serologic testing prior to and 30
days following stool donation (Supplementary Table 1) [26]. Pa-
tients requiring a second FMT were assumed to utilize a differ-
ent donor. Routine recipient testing prior to FMT primarily
included serologic testing (Supplementary Table 1) [26].

Utilities
We assumed a median age of 65 years for our cohort and a util-
ity of 0.88 for the healthy patient [7, 27]. Patients who were
cured by a given treatment strategy were assumed to spend
half the duration of treatment in a state of mild-to-moderate
or severe disease, and the subsequent half in the healthy state.
Nonresponders remained in the initial disease state through the
course of treatment, and were then transitioned to mild-moderate
CDI with next-line treatment, or severe CDI until they were either
cured, underwent colectomy, or died.

Costs
All costs were adjusted to 2012 US dollars using the consumer
price index, except for the cost of FMT [28, 29]. The total cost of
FMT included the costs of donor and recipient testing, 4-day
pretreatment with vancomycin, FMT preparation and instilla-
tion, and method of delivery (Table 1). The costs for donor
and recipient laboratory testing prior to FMT were taken
from the 2012 Clinical Diagnostic Laboratory Fee Schedule
from the Centers for Medicare and Medicaid Services (Table 1;
Supplementary Table 1) [26].The cost of FMT stool preparation
and instillation was based on 2013 dollars as the CPT code
(G0455) for this procedure, which includes physician work
for assessment of donors, preparation of fecal microbiota, and
instillation, was assigned in 2013. For all other costs, utilities,
and probabilities where ranges were not available, the range
for sensitivity analysis varied between 25% below and above
their average values [4, 6, 30–35].

Outcomes and Data Analysis
The primary outcome from the base case analysis was the incre-
mental cost-effectiveness ratio (ICER) among the 4 competing
strategies [28, 29]. A willingness-to-pay (WTP) threshold of
$50 000 per quality-adjusted life-year (QALY) was used to de-
fine cost-effectiveness [36]. Model sensitivity analyses were per-
formed using alternate methods of FMT delivery as well as
scenarios where FMT may not be available or applicable. Uni-
variate sensitivity analyses were performed on probabilities,
costs, and utilities to analyze the impact of changes in model
estimates on the preferred strategy. Probabilistic sensitivity
analysis was performed using 100-fold distribution sampling

Table 2. Base Case and Sensitivity Analyses of Competing
Strategies for the Management of Recurrent Clostridium difficile
Infection

Scenario Cost QALY ICER

Scenario 1: All 3 pharmacologic treatment arms, FMT via
colonoscopy (base case)

Vancomycin $2912 0.8580

FMT colonoscopy $3149 0.8719 $17 016
Metronidazole $3941 0.8292 (Dominated)a

Fidaxomicin $4261 0.8653 (Dominated)a

Scenario 2: All 3 pharmacologic treatment arms, FMT via duodenal
infusion

Vancomycin $3531 0.8484

Metronidazole $3941 0.8292 (Dominated)a

FMT duodenal infusion $4208 0.8553 $97 352

Fidaxomicin $4628 0.8596 $98 443

Scenario 3: All 3 pharmacologic treatment arms, FMT via enema
Vancomycin $3488 0.8485

Metronidazole $3941 0.8292 (Dominated)a

FMT enema $4090 0.8543 $105 003
Fidaxomicin $4602 0.8597 $99 862

Scenario 4 (FMT delivery via either of the 3 routes, 3 pharmacologic
treatment arms)

Vancomycin $2912 0.8580

FMT colonoscopy $3149 0.8719 $17 016

Metronidazole $3941 0.8292 (Dominated)a

FMT enema $4090 0.8543 (Dominated)a

FMT duodenal infusion $4208 0.8553 (Dominated)a

Fidaxomicin $4261 0.8653 (Dominated)a

Scenario 5 (3 pharmacologic treatment arms alone)

Vancomycin $2912 0.8580

Metronidazole $3941 0.8292 (Dominated)a

Fidaxomicin $4261 0.8653 $184 023b

The willingness-to-pay threshold was $50 000 per QALY gained.

Abbreviations: FMT, fecal microbiota transplant; ICER, incremental cost-
effectiveness ratio; QALY, quality-adjusted life year.
a A strategy was considered to be dominated if the preceding nondominated
alternative strategy is both more effective and less expensive.
b ICER calculated for fidaxomicin relative to next nondominated strategy, which
is vancomycin.
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of all variables to account for uncertainty in the model assump-
tions. The probability distributions and standard deviations
were used to arrive at the ranges for each of our assumptions.
In our one-way sensitivity analysis, each variable was tested
across its entire range and thresholds were identified for influ-
ential variables. Our analysis was performed from a societal
perspective.

RESULTS

Base Case Analysis
In our base case analysis, initial treatment with FMT colonos-
copy was the most cost-effective strategy at our WTP threshold
with an ICER of $17 016 compared with vancomycin (scenario
1, Table 2). Treatment of recurrent CDI by first-line fidaxomi-
cin or metronidazole was both more expensive and less effective
than FMT colonoscopy. FMT delivery by less effective strategies
(duodenal infusion or enema) was not cost-effective (scenarios
2 and 3, Table 2), making initial oral vancomycin the preferred
strategy in such settings. In a model simultaneously comparing
various methods of FMT delivery, FMT colonoscopy remained
the most cost-effective initial strategy (scenario 4, Table 2).
Probabilistic sensitivity analysis supported findings from the
base case analysis, with an ICER of $20 285 for FMT colonos-
copy relative to vancomycin.

Sensitivity Analyses of Individual Variables
Initial treatment with FMT colonoscopy remained the most
cost-effective strategy for recurrent CDI at cure rates >88.4%
(Table 3). At cure rates lower than this threshold, vancomycin
was more cost-effective because the ICER of FMT colonoscopy
relative to vancomycin exceeded the WTP threshold of $50 000/
QALY. If the WTP threshold was increased to $100 000/QALY,
FMT colonoscopy remained the most cost-effective strategy
at cure rates >84.4%. FMT colonoscopy also remained cost-
effective at CDI recurrence rates <14.9% and cost up to $2724
(includes colonoscopy, donor and recipient testing, FMT
preparation and instillation, and 4-day pretreatment with
vancomycin).

A treatment strategy with initial use of oral vancomycin for
recurrent CDI required a cure rate >95.5% or CDI recurrence
rate <27.2% to make it more cost-effective than FMT colonos-
copy (Table 3). Our model was not sensitive to the efficacy of
metronidazole or fidaxomicin. Fidaxomicin would be the
most cost-effective strategy if its cost were $1359 per treatment
course. Figure 1 presents the results of a 2-way sensitivity
analysis between the cost and rate of recurrence of CDI with fi-
daxomicin. This also illustrates the efficacy and cost threshold
that emerging therapies would need, assuming efficacy com-
parable to fidaxomicin, to be cost-effective relative to FMT
colonoscopy.

Table 3. One-Way Sensitivity Analyses on Fecal Microbiota Transplant Colonoscopy (Willingness to Pay $50 000)

Variable
Base Case Sensitivity Threshold Preferred Strategy Preferred Strategy

Value Analysis Range Below Threshold Above Threshold

Probabilities

Oral metronidazole–cure 0.710 0–1 n/a FMT colonoscopy FMT colonoscopy

Oral metronidazole–recurrence 0.421 0–1 n/a FMT colonoscopy FMT colonoscopy
Outpatient oral vancomycin–cure 0.916 0–1 0.955 FMT colonoscopy Vancomycin

Outpatient oral vancomycin–recurrence 0.355 0–1 0.272 Vancomycin FMT colonoscopy

Fidaxomicin–cure 0.937 0–1 n/a FMT colonoscopy FMT colonoscopy
Fidaxomicin–recurrence 0.197 0–1 n/a FMT colonoscopy FMT colonoscopy

FMT-colonoscopy–curea 0.945 0–1 0.884 Vancomycin FMT colonoscopy

FMT-colonoscopy–recurrence 0.091 0–1 0.149 FMT colonoscopy Vancomycin
Severe CDI if treatment failure 0.180 0–1 0.103 Vancomycin FMT colonoscopy

Costs

Cost of colonoscopyb $403 $0–$1600 $877 FMT colonoscopy Vancomycin
Cost of fidaxomicin $2800 $0–$4000 $1359 Fidaxomicin FMT colonoscopy

Outpatient oral vancomycin
(125 mg qid × 10 d)

$680 $0–$1600 $221 Vancomycin FMT colonoscopy

Utilities

Healthy patient, median age 65 0.88 0–1 0.70 Vancomycin FMT colonoscopy

Mild-moderate CDI 0.82 0–1 n/a FMT colonoscopy FMT colonoscopy

Abbreviations: CDI, Clostridium difficile infection; FMT, fecal microbiota transplant; n/a, not applicable; qid, 4 times daily.
a Preferred strategies at FMT colonoscopy cure rates of 0–0.648 for metronidazole, 0.648–0.659 for fidaxomicin, and 0.659–0.884 for vancomycin.
b Does not include other costs of FMT, such as donor or recipient testing, pretreatment with vancomycin, or FMT preparation and instillation (see Methods and
Table 1).
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In one-way sensitivity analyses examining other methods of
FMT delivery, FMT via duodenal infusion and FMT via enema
became more cost-effective than initial vancomycin if their cure
rates were >85.2%.

Without FMT as a Treatment Option
In clinical settings where FMT is not available, the most cost-
effective strategy was initial treatment with vancomycin; fidaxo-
micin had a cost-prohibitive ICER of $184 023/QALY compared
with vancomycin (scenario 5, Table 2). Univariate sensitivity
analysis on the cost of fidaxomicin indicated that it would be
the most cost-effective strategy at a cost <$1818. Above this
value, vancomycin remains the preferred strategy. At a baseline
cost of fidaxomicin of $2800, vancomycin remained the pre-
ferred strategy across all cure rates of fidaxomicin.

DISCUSSION

Clostridium difficile infection is an important cause of morbid-
ity with the effect of the initial episode often compounded by
high rates of recurrence [1, 2]. Identification of cost-effective
strategies for treatment of recurrent CDI is an important clinical
challenge and research priority. To our knowledge, ours is the

first decision analysis examining management of recurrent CDI
incorporating new treatment strategies. Our decision model in-
dicates that a strategy comprised of initial treatment with FMT
colonoscopy is the most cost-effective for management of recur-
rent CDI. Alternative modes of FMT delivery (duodenal infu-
sion or enema) did not meet our cost-effectiveness thresholds
due to lower efficacy. In clinical situations where FMT is not
available, vancomycin was the most cost-effective strategy.

Although FMT colonoscopy was the most cost-effective ini-
tial strategy, the results of our sensitivity analyses suggest that it
requires a cure rate >88% to remain the preferred strategy at the
traditionally accepted and more conservative WTP threshold of
$50 000/QALY [36]. Considering the costs and training
required to perform FMT, our analysis supports the need for
continued standardization of FMT if it is to be used more rou-
tinely in the treatment of recurrent CDI. The strategy of initial
treatment of the first recurrence with FMT was cost-effective at
an oral vancomycin cure rate <95.5%.

We modeled FMT delivery method as a one-time administra-
tion, hence the lower cure rates for FMT via duodenal infusion
or enema. In clinical trials and observational series, a second in-
fusion by any of these methods has been shown to be highly ef-
fective with low recurrence rates [37, 38]. Our sensitivity

Figure 1. Two-way sensitivity analysis on cost and probability of recurrent Clostridium difficile infection with initial fidaxomicin treatment. Strategies
were considered cost-effective at a willingness-to-pay threshold of $50 000 per quality-adjusted life-year. The smaller shaded area represents the most
cost-effective strategy at any given cost and efficacy of fidaxomicin. Abbreviations: CDI, Clostridium difficile infection; FMT, fecal microbiota transplant.
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analyses indicate that if cure rates of 85% could be consistently
achieved with a single fecal preparation administration via
enema or duodenal infusion, then these alternate modalities
of FMT delivery would be more cost-effective than FMT colo-
noscopy because of their lower costs of delivery. This also sug-
gests that less expensive FMT methods involving standardized
fresh or frozen fecal preparations with comparable efficacy
would likely be more cost-effective if the efficacy remains un-
changed [39]. These results are also dependent on the assump-
tion that FMT was delivered via colonoscopy for patients who
developed a third recurrence in the other pharmacologic treat-
ment arms.

Although studies have demonstrated comparable cure rates and
lower recurrence rates for fidaxomicin compared with vancomy-
cin, the use of fidaxomicin remains limited in part by cost [5, 6].
Our results suggest that fidaxomicin as a first-line treatment strat-
egy would be cost-effective only at treatment costs <$1359 where
FMT is available and or <$1818 where FMT is not available, re-
quiring an approximately 35%–51% reduction in drug costs. Sim-
ilar cost thresholds would likely need to be met for any emerging
antibiotic therapies for mild-moderate CDI with efficacy compa-
rable to fidaxomicin. Otherwise, oral vancomycin was the most
cost-effective initial strategy in situations where FMT is not avail-
able or in situations where there may be other limitations to FMT,
such as lack of a donor, expertise in performing FMT, insurance
coverage, or patient acceptance.

Our study has several limitations. First, we did not account for
potential differences in treatment efficacy or epidemiologic dis-
tribution of the more virulent North American pulsed-field gel
electrophoresis type 1/restriction endonuclease analysis type B1/
PCR ribotype 027 C. difficile strain [40].Most studies examining
treatment efficacy included a heterogeneous patient population
with both types of strains. To date, there has only been 1 study of
FMT for CDI with C. difficile strain typing, which reported a
lower efficacy (89%) for the 027 strain than for the non-027
strain (100%) [9]. Second, although studies have shown in-
creased CDI recurrence rates after second- or third-line antibi-
otic treatment, we did not model higher recurrence rates because
of variations in risk factors for recurrence, specific antibiotic
usage, and limited long-term data on recurrences following
FMT [2, 6]. However, this decision was likely to have overesti-
mated the efficacy of the antibiotic strategies in our model, bias-
ing our results away from FMT. The utilities for mild-moderate
and severe CDI had to be extrapolated from other comparable
causes of diarrhea, as there are no published estimates of health
utility with CDI [41, 42]. Finally, the costs attributed to FMT in
our analysis included those related to donor screening and instil-
lation of stool, but not the infrastructure and personnel costs
required in establishing an FMT program.

In conclusion, using a decision analytic model examining
treatments for recurrent CDI, we demonstrate that a strategy

comprising initial treatment with FMT administered via colo-
noscopy is the most cost-effective approach. In settings where
FMT is not available, initial treatment with oral vancomycin
was the most cost-effective strategy. As more data become avail-
able, guidelines should consider incorporating use of FMT ear-
lier in treatment of CDI, considering its high efficacy and low
CDI recurrence rate. Future studies examining new treatments
for CDI should incorporate FMT to examine comparative effec-
tiveness if FMT becomes more widely adopted.
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