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Candida bloodstream infections (BSI) are associated with significant morbidity, mortality, and increased health care costs. Early
treatment is essential, because delayed therapy detrimentally impacts clinical outcomes. The FDA recently approved the first
culture-independent direct molecular detection method for Candida BSIs (T2Candida). The speed and sensitivity of this assay
give it the potential to improve patient care, but the reagents and instrumentation are expensive. We used an analytic decision
tree model to compare the cost-effectiveness of T2Candida-directed antifungal therapy (T2DT) to that of either empirical ther-
apy (ET) or blood culture-directed therapy (BCDT). The costs included those of T2Candida testing, antifungal treatment, and
hospital length of stay. The effectiveness measure was survival status at hospital discharge. T2DT was less costly and more effec-
tive than BCDT but was less costly and less effective than ET with an echinocandin (incremental cost-effectiveness ratio,
$111,084 per additional survivor). One-way sensitivity analyses demonstrated that the cost-effectiveness of T2DT was highly
dependent on Candida BSI prevalence and the cost of antifungal therapy and T2Candida test reagents. The use of T2DT reduced
the number of unnecessarily treated patients by 98% relative to that with ET. Reduced drug exposure might lessen the possibility
of drug-related adverse events and may also prevent the development of antifungal resistance or emergence of drug-resistant
Candida species. The greatest benefit of T2Candida appears to be the ability to confidently withhold or stop empirical antifungal
therapy in low-to-moderate-risk patients who are unlikely to benefit from treatment.

Candida spp. are the fourth leading cause of bloodstream infec-
tions (BSI) in hospitalized patients and the third most com-

mon cause of BSI in the intensive care unit (ICU) (1). These in-
fections are not only prevalent but are also associated with
significant morbidity, mortality, and increased heath care costs.
Attributable mortality rates range from 5 to 71%, depending on
the patient population (2). Early treatment of infected patients is
critical, because delays in effective therapy significantly impact
outcomes (3–5), but difficulties in making a microbiological di-
agnosis often contribute to delayed treatment.

Blood culture is the current gold standard for diagnosing Can-
dida BSI; however, culture is relatively insensitive and requires
several days to complete. As a result of the limitations of culture,
patients with risk factors for invasive candidiasis (IC) are often
given immediate empirical antifungal therapy (6). Although em-
pirical therapy reduces delays, it also subjects some patients to
unnecessary treatment, which in turn increases expenses, may
cause adverse side effects, and potentially contributes to the emer-
gence of antifungal resistance (7–10). More rapid and sensitive
diagnostic methods are needed for the early and accurate diagno-
sis of Candida BSI.

The U.S. Food and Drug Administration (FDA) recently ap-
proved the first in vitro diagnostic assay for direct detection of
Candida, the T2Candida (T2 Biosystems, Inc.) (11). This rapid
test detects the five most common Candida spp. directly from
whole-blood specimens with high sensitivity and specificity com-
pared to blood culture (11). The assay has the potential to speed
diagnosis, reduce treatment delays, and minimize unnecessary an-
tifungal drug use. The purpose of this study was to investigate the
factors contributing to the cost-effectiveness of T2Candida testing

compared to current practice, which includes empirical or blood
culture-directed treatment.

MATERIALS AND METHODS
An analytic decision tree model was constructed to compare the cost-
effectiveness of T2Candida-directed antifungal therapy to that of either
empirical therapy or blood culture-directed therapy for the treatment of
candidemia.

Perspective and time horizon. A hospital perspective was adopted for
the model and included costs and outcomes accrued over a treatment
episode. Each treatment episode began when a blood culture was ordered
for a suspected infection (t � 0) and ended upon the cessation of treat-
ment related to the suspected infection.

Management strategies. Four different antifungal therapeutic inter-
ventions were compared: (i) T2Candida-directed therapy (T2DT), (ii)
echinocandin empirical therapy (EET), (iii) fluconazole empirical ther-
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apy (FET), and (iv) blood culture-directed therapy (BCDT) (Fig. 1). An-
tifungal therapy was initiated at the beginning of the episode (t � 0) for
EET, FET, and T2DT. We assumed that the 3- to 5-h turnaround time
required for T2DT testing did not significantly impact patient outcomes.
For BCDT, therapy was initiated only after Candida was identified in a
positive blood culture. The antifungal drug class selected for T2DT and
BCDT was determined by species-level identification of the causative or-
ganism. An echinocandin was selected initially for Candida glabrata or C.
krusei, and fluconazole was used when C. albicans, C. tropicalis, or C.
parapsilosis was detected. The initial therapy was then modified if pheno-
typic susceptibility results indicated insufficient or excessive treatment.

Therapy was defined as appropriate if the patient’s isolate tested suscep-
tible to the antifungal drug used and inappropriate if the isolate was re-
sistant. We assumed all isolates were susceptible to echinocandins.

Analysis parameters. The input probabilities (Table 1) and cost pa-
rameters (Table 2) for the baseline model are described below.

Patient population. This cost-effectiveness model was applied to a
cohort of nonneutropenic patients at risk for IC. This population, referred
to as the test population, was defined as inpatients with signs and symp-
toms sufficient to conduct a blood culture that had at least one risk factor
for IC (12). Within this test population, we assumed the prevalence of IC
was 3% for the baseline model (13). The distribution of Candida spp.

FIG 1 Treatment arm decision trees. In all arms, when a species-level identification is made, using either T2Candida or blood culture rapid species identification
methods, antifungal treatment was based on the organism. C. albicans, C. tropicalis, and C. parapsilosis were treated with fluconazole, while C. krusei and C.
glabrata were treated with echinocandins. For the T2DT and EET/FET arms, treatment was stopped if the blood culture was negative. In all arms, treatment can
be altered based on susceptibility results. Infections treated with an echinocandin were switched to fluconazole if the organism isolated was fluconazole
susceptible. Infections treated with fluconazole were escalated to an echinocandin if the isolated organism was fluconazole resistant. (A) T2Candida-directed
therapy (T2DT) decision tree. All T2Candida tests were followed by a confirmatory blood culture. (B) Blood culture-directed therapy (BCDT) decision tree. (C)
Empirical therapy decision tree: echinocandin empirical therapy (EET) or fluconazole empirical therapy (FET).
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causing these infections is given in Table 1. Based on published literature,
we predicted that 42% of patients would be managed in the ICU, and 58%
of patients would be on the general ward (14–17).

LOS. We assumed the baseline length of stay (LOS) for BCDT to be 21
days for both survivors and nonsurvivors (18–20). We also assumed that
the early initiation of appropriate antifungal therapy (through EET, FET,
or T2DT) reduced the LOS by 5.5 days (4, 18). Thus, patients who received
early initiation of appropriate therapy had an LOS of 15.5 days, and pa-
tients who received inappropriate treatment initially or had delayed treat-
ment had an LOS of 21 days.

Treatment duration. The infected patients received an average dura-
tion of 16.5 days of treatment (2.5 days for mycological success [21, 22],
followed by 14 days of additional treatment following the first negative
blood culture result [6]). We assumed that the duration of antifungal
therapy did not exceed the LOS; therefore, early appropriate treatment
decreased therapy by 1 day (i.e., total duration, 15.5 days). Uninfected
patients, as defined by a negative blood culture in either of the empirical
therapy arms or those in the T2DT arm with a false-positive T2Candida
test result, would be treated for 5 days before the blood culture was either
finalized as negative or a pathogen other than Candida was identified.

Performance characteristics of laboratory diagnostic methods.
Blood culture was used as the diagnostic gold standard. We assumed that
a rapid identification method, such as the FilmArray blood culture iden-
tification panel (BioFire Diagnostics, UT) or the Yeast Traffic Light PNA-
FISH method (AdvanDX, MA), was used to identify Candida spp. de-
tected in positive blood cultures, providing species identification in 1 to 2
h (23–25). If a T2Candida test had already been performed, this rapid
identification method would not be necessary, and the associated labora-
tory costs were reduced accordingly (see “Cost Considerations,” below).
An additional 1.9 days (our unpublished data) was included for the phe-
notypic susceptibility results, and antifungal susceptibility patterns were
based on published literature (Table 1) (26, 27). The performance of the
T2Candida assay compared to that of blood culture was based on the
results from a recently published accuracy study (Table 1) (11).

Cost considerations. Costs attributable to Candida infection included
those of laboratory testing, antifungal therapy, and inpatient hospital
costs (Table 2). Because the test population consisted of patients who were
already hospitalized and at risk for IC, only the additional hospital costs
(i.e., those associated with increased LOS) that were incurred due to the
infection were included in the analysis. Daily costs of hospitalization for
ICU and non-ICU wards were derived from two recent cost evaluations of
Candida treatments (18, 28). The total costs of hospitalization were cal-
culated by multiplying the LOS by the average daily costs.

The laboratory costs included reagent costs for either T2Candida test-
ing or the rapid molecular tests used to identify the organism directly from
positive blood culture broths. We assumed that if the initial T2Candida
test failed, it would be repeated at no charge without a clinically significant
delay in result turnaround time.

The costs of antifungal medications were derived from the federal
supply schedule, which provides the prices at which pharmaceuticals are
purchased by federal agencies (29). As recommended, these costs were
inflated by 21% to better reflect the average cost paid by hospitals (30). We
based our analysis on either the cost of micafungin, which represented the
echinocandin class of antifungals, or intravenous fluconazole, depending
on the treatment used. The total costs of antifungal medications were
calculated by multiplying the duration of treatment by the daily drug
costs.

Effectiveness measurements. Effectiveness was measured by the sur-
vival of infected patients. We assumed the baseline crude mortality rate to
be 43% in the ICU and 23% in the general ward when treatment was
delayed until blood culture results were available (BCDT) or if the initial
therapy was determined to be inappropriate based on phenotypic suscep-
tibility testing (5, 28, 31). Earlier initiation of appropriate treatment in the
EET, FET, or T2DT arms reduced mortality to 48% of the baseline rates
(3), resulting in a mortality rate of 20.6% in the ICU and 11% in the

general ward. The survival of noninfected patients was not influenced by
early antifungal treatment. Therefore, their survival would have no effect
on the incremental difference in effectiveness between treatment strate-
gies and was excluded from the analysis. The incremental cost-effective-
ness ratio (ICER) was expressed as the total costs per surviving infected
patient per episode of care.

Sensitivity analysis. One-way sensitivity analyses were conducted to
assess the impact of different model assumptions on the cost-effectiveness
results. The parameters (model inputs) in Fig. 2 were varied one at a time,
over a range of plausible values, while all other inputs were fixed at their
baseline level. Probabilistic sensitivity analyses were also performed to
assess statistical uncertainty. Various combinations of model inputs were
resampled 1,000 times in order to determine the uncertainty in the out-
put. The range of parameter values for combination testing was drawn
from the distributions defined in Tables 1 and 2. � distributions were used
for probabilities, and � distributions were used for costs, as recommended
by guidelines (32). For costs, � distributions were used to approximate a
normal distribution to within a standard deviation of 25% of the baseline
estimate. � distributions were also used to model LOS and treatment
duration to reflect the skewed distribution observed in these parameters.

Additional details of the analyses and a glossary of terms can be found
in the Appendix.

RESULTS

In a test population of 10,000 at-risk patients, approximately 300
patients had a Candida bloodstream infection detected by blood
culture. The T2Candida test would have detected 83% of these
infections and would have falsely identified 180 infections. Empir-
ical therapy with either an echinocandin or fluconazole led to
significantly more patients being treated unnecessarily than did
the T2DT approach (9,700/10,000 [97%] versus180/10,000
[1.8%] of patients treated unnecessarily). The total numbers of
antifungal drug doses for empirical versus T2DT and BCDT were
53,151, 5,659, and 5,521 doses, respectively. Overall, the hospital
LOS was similar for the EET (4,651 days), FET (4,788 days), and
T2DT (4,851 days) arms but was prolonged when blood culture
was used to inform treatment decisions (6,301 days).

The mortality rates and average costs per patient tested are
summarized in Table 3. In the baseline analysis model, EET was
the most effective treatment strategy, while FET was the least
costly. T2DT was more effective than BCDT but was also slightly
less effective than FET and EET. Out of the approximately 300
infected patients, BCDT resulted in the fewest number of survi-
vors (n � 205; 95% confidence interval [CI], 201 to 209 survi-
vors), while T2DT (n � 249; 95% CI, 244 to 254 survivors), FET
(n � 250; 95% CI, 245 to 255 survivors), and EET (n � 254; 95%
CI, 249 to 259 survivors) saved a similar number of patients. The
incremental cost-effectiveness ratio was $644,440 per each addi-
tional survivor between FET and EET and $111,084 per each ad-
ditional survivor between T2DT and EET; in other words, EET
had the lowest mortality rate but would cost an additional
$644,440 per survivor compared to FET or $111,084 per survivor
compared to T2DT (Fig. 3).

Sensitivity analysis. (i) EET versus T2DT. The results of the
sensitivity analysis between EET and T2DT were most sensitive to
variations in the cost of echinocandins, the cost of T2Candida test
reagents, the prevalence of Candida BSI, the number of days to get
an alternative diagnosis, the reduction in mortality due to early
appropriate treatment, and the daily cost of ICU admission (Fig.
2). Five of these factors had sufficient impact to change the con-
clusions when varied over their plausible range. EET was less
costly than T2DT and therefore dominated when (i) the cost of
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echinocandins was �$62, (ii) the cost of T2Candida test reagents
was �$332, (iii) the prevalence of Candida BSI was �7.2%, (iv)
the number of days to reach an alternative diagnosis (uninfected
patients) was �4 days, or (v) the reduction in LOS due to early
appropriate treatment was �13 days (Fig. 2). Our conclusions
were relatively insensitive to all other factors. Probabilistic sensi-
tivity analysis results indicated that EET was always more effective
than T2DT but was more costly 71.3% of the time (see Fig. S1 in
the supplemental material).

(ii) FET versus T2DT. The results of the sensitivity analysis
between FET and T2DT were most sensitive to variations in the
prevalence of Candida BSI, the cost of T2Candida test reagents,
the reduction in mortality due to early appropriate treatment,
predicted fluconazole resistance rates, and the mortality rates in
the non-ICU and ICU wards (Fig. 2). Only one of these factors had
sufficient impact to change the conclusions when varied over their
plausible range; FET was less effective than T2DT, and therefore
no longer dominated, when the prevalence of C. glabrata resis-
tance to fluconazole was �20% (Fig. 2). Probabilistic sensitivity
analysis results indicated that FET was always less costly than
T2DT and was more effective 89.1% of the time (see Fig. S1 in the
supplemental material).

(iii) T2DT versus BCDT. The results of the sensitivity analysis
between T2DT and BCDT were most sensitive to the reduction in
LOS due to early appropriate treatment, the prevalence of Can-
dida infections, the cost of T2Candida test reagents, the daily costs
of ICU patients, the daily costs of non-ICU patients, and the re-
duction in mortality due to early appropriate treatment (Fig. 2).
Only four of these factors had sufficient impact to change the
conclusions when varied over their plausible range. T2DT no lon-
ger dominated BCDT when one of the following conditions was
met: (i) the prevalence of Candida BSI in the test population
was �2.4%, (ii) the number of reduced hospital days due to early
appropriate treatment was �4.4 days, (iii) the cost of T2Candida
test reagents was �$330, or (iv) the average daily cost of patients
diagnosed in the ICU or the non-ICU ward was �$2,243 or $734,
respectively. The cost-effectiveness of T2DT relative to BCDT was
relatively insensitive to all other factors. Probabilistic sensitivity
analysis results indicated that compared to BCDT, T2DT was al-
ways more effective and less costly 51% of the time (see Fig. S1 in
the supplemental material).

DISCUSSION

The FDA recently approved the first culture-independent direct
molecular diagnostic method for Candida BSIs. The speed and
sensitivity of the T2Candida assay have the potential to improve
patient care, but the reagents and instrumentation are expensive.
We conducted a cost-effectiveness analysis to compare T2DT with
EET, FET, and BCDT. Although T2DT was less costly and more
effective than BCDT, it was also more costly than FET and less
effective than empirical treatment (either EET or FET). Assuming
a hospital with 500 beds, 5,100 annual at-risk admissions, and an
IC prevalence of 3%, we estimate that the annual cost to the insti-
tution would be $7,058,400 for T2DT, $7,384,800 for BCDT,
$5,803,800 for FET, and $7,395,000 for EET. Compared to BCDT,
the use of T2DT reduced Candida BSI mortality from 31.6% to
17.2%, which was only slightly higher than that of FET (16.6%) or
EET (15.2%). Therefore, although T2DT is less costly and more
effective than BCDT, it remains unclear whether T2DT is a cost-
effective alternative to empirical therapy.

FIG 2 One-way sensitivity analysis to assess impact of individual parameters
on cost-effectiveness of treatment arms. In each panel, the dotted line repre-
sents the baseline model parameters. (A) One-way analysis of EET versus
T2DT. ICERs below zero (solid line) represent parameter values for which EET
dominated T2DT. EET dominated T2DT when the cost of echinocandins
was �$62, the cost of T2Candida test reagents was �$332, the prevalence of
Candida BSI was �7.2%, the number of days to get an alternate diagnosis
(uninfected patients) was �4 days, or the reduction in the LOS due to early
treatment was �13 days. (B) One-way analysis of FET versus T2DT. ICERs
above zero represent parameter values for which FET no longer dominated
T2DT. FET no longer dominated T2DT when C. glabrata fluconazole resis-
tance was �20%. (C) One-way analysis of T2DT versus BCDT. ICERs above
zero represent parameter values for which T2DT no longer dominated BCDT.
T2DT no longer dominated BCDT when the prevalence of Candida BSI
was �2.4%, the number of reduced hospital days due to early treatment
was �4.4 days, the cost of T2Candida test reagents was �$330, or the average
daily costs of patients diagnosed in the ICU or the non-ICU ward was �$2,243
or $734, respectively.
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Perhaps the greatest potential benefit of T2DT is in the support
of antifungal stewardship initiatives. T2DT reduced the number
of unnecessarily treated patients by 98% relative to empirical
treatments. Not only might reduced drug exposure lessen the pos-
sibility of drug-related adverse events, it might also prevent the
development of antifungal resistance (33). The association of az-
ole or echinocandin use with resistance or a shift toward more-
resistant Candida spp. has yet to be definitely demonstrated.
Nonetheless, significant reductions in unnecessary antifungal
therapy may justify the implementation of a slightly less-cost-ef-
fective treatment approach.

Our findings differ from a recently published analysis of the
cost-effectiveness of T2DT, which found T2Candida testing to be
both more effective and less costly than alternative treatment
strategies (34). The discrepancy between studies is likely explained
by variations in a few key assumptions used to form the baseline
model, including the choice of comparators and the timing of the
initiation of antifungal therapy. Bilir et al. (34) compared T2DT to
a mixed-treatment strategy, in which 40% of patients received
EET, and the remaining 60% received BCDT. Our analysis was
based on pure strategies in which all patients in a cohort received
identical treatment. We conducted an analysis of mixed strategies
and found that T2DT dominated the EET-BCDT mixed strategy
when the proportion of patients receiving BCDT was �12% (see
Fig. S2 in the supplemental material). We also found that a mixed
FET-EET strategy dominates T2DT whenever the proportion of

patients treated with echinocandin is �21% (see Fig. S2 in the
supplemental material). Our analysis also differed because we as-
sumed that empirical therapy and T2DT both began immediately
following specimen collection for blood culture, rather than the
24-h delay in empirical therapy compared to T2DT (34). We rea-
soned that because of our test population definition, if clinical
suspicion for IC was sufficient to trigger T2Candida testing, it
would also be sufficient to prompt EET or FET. The impact of this
decision is significant, as studies show that even short delays in the
initiation of antifungal therapy increase mortality and LOS pa-
rameters, thus favoring T2DT over empirical therapy.

While we attempted to model our analysis based on published
literature and clinical practice, there were several model assump-
tions that were favorable to the cost-effectiveness of T2Candida.
First, we did not account for the initial capital required to pur-
chase the T2Dx instrument, which is required to run the
T2Candida assay. We also assumed that all T2Candida assay fail-
ures would be rectified by repetition at no cost to the hospital. In
the clinical trial, approximately 12% of T2Candida tests failed to
produce a result, with only 36.7% of these resolved upon initial
retest (11). Failure rates may vary based on institution and might
improve with experience; thus, we elected not to include this vari-
able in our analysis.

In addition to factors that may have favored T2DT, there were
other limitations to our analysis. For example, the baseline model
is limited by the uncertainty surrounding many of the input vari-

TABLE 1 Model probabilities

Probabilitya Mean value (reference[s]) (%) 95% CI (%) � distribution

In ICU 42 (14–17) 37–47 f(156.92, 216.7)
Prevalence of Candida BSI 3 (13) 1.5–5 f(10.75, 347.51)
Mortality without empirical therapy

Non-ICU 23 (5, 28, 31) 17–30 f(37.73, 124.89)
ICU 43 (5, 28, 31) 32–55 f(30.95, 40.53)

Reduction in raw mortality due to empirical therapy (ICU
and non-ICU)

48 (3) 33–63 f(19.67, 21.31)

Distribution of Candida spp. (35)
C. albicans 43.7
C. tropicalis 8.7
C. parapsilosis 15.5
C. glabrata 26.3
C. krusei 3.3
Other Candida species 2.5

Resistance to fluconazole
C. albicans 0.5 (26, 27) 0.1–1.1 f(3, 662)
C. tropicalis 3.7 1.2–7.5 f(5, 129)
C. parapsilosis 2.6 1.8–6.7 f(9, 222)
C. glabrata 10.7 7.9–13.9 f(43, 359)
C. krusei 100

T2Candida performance (11)
C. albicans/C. tropicalis sensitivity 92.3 86.5–96.5 f(96, 8)
C. albicans/C. tropicalis specificity 98.9 98.4–99.4 f(1,679, 18)
C. parapsilosis sensitivity 94.2 86.5–98.8 f(49, 3)
C. parapsilosis specificity 99.3 98.8–99.6 f(1,739, 13)
C. glabrata/C. krusei sensitivity 88.1 81.2–93.6 f(89, 12)
C. glabrata/C. krusei specificity 99.3 99.8–100 f(1,699, 1)

a All probabilities were defined by � distributions, with the exception of the distribution of Candida species, which were defined by a Dirichlet distribution.
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ables. To address this concern, we conducted extensive sensitivity
analyses to assess the robustness of our conclusions and found that
the results were relatively insensitive to variation in most of the
input parameters. Disease prevalence and the mortality attribut-
able to Candida were the two most important factors affecting
model predictions.

In clinical practice, the actual prevalence of IC is likely to vary
based on institution and patient population (35). Interestingly,
FET was less costly and more effective than T2DT when the prev-
alence was varied over a range from 1% to 30%, but T2DT was less
costly than EET when the prevalence remained at �7.2% and
more costly than BCDT when the prevalence was �2.4%. This
suggests that the optimal use of T2DT may be in a moderate-risk
setting where the IC prevalence is around 5% and empirical or
prophylactic antifungal therapy is prescribed routinely.

We also evaluated the extent to which our results were sensitive
to the mortality rate associated with Candida BSI. Although many
studies have shown that early appropriate treatment reduces mor-
tality (3, 14, 36), others have suggested that this might not be the
case in the ICU (37, 38). The sensitivity analysis revealed that

although the absolute costs were sensitive to mortality rates, the
relative cost ranking among treatment strategies was insensitive
even if we assumed that early appropriate treatment had no effect
on mortality. Although it is possible that our assumptions regard-
ing mortality may induce calibration errors (i.e., the absolute
magnitude of the ICER may be incorrect), we believe that conclu-
sions regarding the relative cost-effectiveness of the strategies are
robust to our assumptions regarding mortality.

Blood culture has limited sensitivity for diagnosing invasive
candidiasis, failing to detect as many as 50% of infections (39).
Therefore, it is possible that patients with positive T2Candida re-
sults but negative blood cultures actually have infections. The im-
pact that this scenario might have on the cost-effectiveness of dif-
ferent treatment approaches is difficult to estimate without data
from prospective studies that thoroughly evaluate the clinical sig-
nificance of T2Candida-positive/blood-culture-negative cases. As
a preliminary investigation, an analysis in which a negative blood
culture did not rule out the possibility of IC was conducted. At-
risk patients who received EET, FET, or T2DT remained on that
therapy for a full course of treatment despite a negative blood

TABLE 2 Time and cost parametersa

Parameter Mean value (reference[s]) 95% CI � distribution

LOS (days)
Avg 21 (18–20) 16.9–29 16.5 � f(6.33, 0.632)
Reduction in LOS due to early treatment 5.5 (4, 18) 0.3– 13.7 f(1.494, 2.945)

Duration of treatment (days)
Infected patients 16.5 (6, 21, 22) 15–18.7 14 � f(6.925, 0.361)
Noninfected subjects 5
Reduction in duration of therapy due to early

treatment
1 (40) 0.3–2.2 f(2.838, 1.938)

Time to blood culture identification of species (days)
C. albicans 1.8 (41–44) 0.8–2.7 f(11.111, 0.144)
C. tropicalis 1.2 (41–44) 0.2–2.6 f(2.367, 0.423)
C. parapsilosis 2.9 (41–44) 0.5–3.0 f(5.165, 0.29)
C. glabrata 4.1 (41–44) 1.0–5.8 f(5.297, 0.547)
C. krusei 1.2(41–44) 0.03–3.2 f(1.095, 0.822)

Time to negative culture result (days) 5
Time to susceptibility results after ID (days) 1.9 1.1–2.9 f(17.827, 0.107)
Costs ($)b

Non-ICU (per day) 1,500 (28) 857–2,319 f(16, 93.75)
ICU (per day) 3,300 (18, 28) 1,886–5,103 f(16, 206.25)
Fluconazole (per day) 5.4 (29) 3.10–8.40 f(16, 0.34)
Echinocandins (per day) 76 43–118 f(16, 4.75)
T2Candida test (per test) 265 151–410 f(16, 16)
Rapid species identification (per test) 129

a All time and cost variables were defined by gamma distributions.
b A standard deviation of 25% was assumed for all costs.

TABLE 3 Cost-effectiveness results

Treatment Mortality (%)

No. of survivors at
discharge (95%
CI)

Avg cost per patient tested
(95% CI) ($)

BCDT 31.6 205 (201–209) 1,448 (1,405–1,475)
T2DT 17.2 249 (244–254) 1,384 (1,352–1,407)
FET 16.6 250 (245–255) 1,138 (1,106–1,170)
EET 15.2 254 (249–259) 1,450 (1,412–1,475)
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culture. Positive blood culture results, with subsequent pheno-
typic susceptibility testing, were still used to determine the appro-
priateness of the early antifungal therapy, and escalation/deesca-
lation of therapy was prescribed accordingly. Based on these
assumptions, the cost per patient for EET, FET, and T2DT would
increase to $2,136, $1,185, and $1,391, respectively. The change in
cost was minimal for T2DT and FET, but the cost of EET increased
by $686 per patient. The level of effectiveness remained un-
changed from the baseline model, because all infected patients
eventually received the appropriate treatment based on positive
blood culture results. The number of patients receiving potentially
unnecessary antifungals using this approach, however, increased
significantly (data not shown). In contrast to the baseline model,
this analysis tests an extreme assumption that blood cultures lack
appreciable sensitivity for diagnosing IC and that the T2Candida
assay performs with 100% specificity. In clinical practice, how-
ever, no test is completely accurate, and the interpretation of a
negative blood culture or positive T2Candida result must be done
in the context of host risk factors for IC.

Compared to empirical therapy approaches, T2Candida diag-
nostic testing is a more costly and slightly less effective approach
for the management of suspected candidemia. The absolute dif-
ferences in cost and effectiveness, however, were small. The cost
difference between these strategies was approximately $300,
which is minimal compared to the overall cost of a hospitalized
patient at risk for IC. Additionally, the differences in the mortality
rates of the T2DT, EET, and FET strategies were �2%. Model-
derived conclusions can be altered based on varying key input
parameters over a range that would be observed at different insti-
tutions. Ideally, prospective randomized studies are required to
evaluate the impact of T2DT on patient outcomes and hospital-
associated costs as institutions begin to implement this ground-
breaking technology.

APPENDIX
Glossary of terms. (i) Dominance. An alternative is said to dom-
inate other alternatives if it is less costly and more effective.

(ii) Efficient frontier. The efficient frontier consists of the set
of nondominated alternatives. In a cost-effectiveness analysis, this
set represents the best attainable trade-off between cost and effec-
tiveness. The lines connecting this set of points form a boundary,
or “frontier,” in the cost-effectiveness plane.

(iii) Expected cost. The expected cost is a weighted average of
the cost of all outcomes weighted by the probability of each out-

come, calculated by c� � �i�1
n cipi, where c� is the expected cost, ci

and pi are the cost and probability, respectively, of outcome i, and
n is the number of possible outcomes.

(iv) Input parameter. The input parameter is an argument for
a function. For example, x is a parameter of y � f(x). The value of
the function, or output, is specified by the value of the parameter, x.

(v) ICER. The ICER provides the ratio of the incremental change
in cost to the incremental change in effectiveness (Eff) between two

alternatives: ICER �
Cost2�Cost1

Eff2�Eff1
�

�Cost

�Effectiveness
.

(vi) One-way sensitivity analysis. The one-way sensitivity
analysis is one in which one parameter is varied at a time to deter-
mine the effect on the outcome. For example, consider the func-

tion, z � x2 � �y. A one-way sensitivity analysis for x would
examine the change in z that results from varying x while holding
y constant at some fixed value. A one-way sensitivity analysis for y
would examine the change in z due to a change in y while holding
x constant. In this analysis, the outcome variable is the incremen-
tal cost-effectiveness ratio, and there are many input parameters,
such as the prevalence, mortality rate, length of stay, drug costs,
etc. A one-way sensitivity analysis determines the effect of one
input parameter (e.g., drug cost) on the output (ICER) while
holding all other input parameters constant.

(vii) Perspective. Perspective is the vantage point of an eco-
nomic analysis. The perspective determines which costs and ben-
efits are relevant to the analysis. The payer perspective is the nar-
rowest perspective that accounts only for costs borne by the payer
(e.g., an insurance company) over a limited time horizon. Costs to
patients and to society (e.g., lost productivity) are not included.
The government perspective accounts for all costs borne by the
government over a time horizon. Typically, this will include all
medical costs associated with an event over a lifetime. The societal
perspective includes all costs, including costs to the patient and
lost productivity.

(viii) Probabilistic sensitivity analysis. Probabilistic sensi-
tivity analysis is an approach in which input parameters are
sampled from a probability distribution to determine the prob-
ability distribution of the output. For example, consider the

function, z � x2 � �y . Assume that x is uniformly distributed
between 1 and 3, and that y is uniformly distributed between 5
and 8. The range of the distributions represents the uncertainty
or a plausible range for the parameter. In probabilistic sensi-
tivity analysis, values of x and y are randomly selected from
their distributions and used to calculate z. The process is re-
peated thousands of times to determine the distribution of z,
given the variations in x and y. Unlike one-way analysis, all
input parameters are varied by randomly selection of values
from their distributions.

FIG 3 Cost-effectiveness frontier. A treatment strategy is dominated by an-
other strategy if it is both more costly and less effective. Both BCDT and T2DT
are dominated by FET, because FET is both more effective and less costly. The
cost-effectiveness frontier includes treatment strategies that are not dominated
by others. The frontier depicts the optimal strategies at various levels of cost
and effectiveness. The slope of the lines connecting the treatment strategies
(EET versus T2DT not shown) represents the incremental cost-effectiveness
ratio (ICER), which provides the additional cost for each additional unit of
effectiveness. The cost-effectiveness frontier is represented by the dotted
line connecting FET and EET. The ICER between these two treatment
strategies is $644,440 per survivor.
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Evaluation of blood culture media for the detection of fungi. Eur J Clin
Microbiol Infect Dis 34:161–167. http://dx.doi.org/10.1007/s10096-014
-2218-4.

Walker et al.

726 jcm.asm.org March 2016 Volume 54 Number 3Journal of Clinical Microbiology

http://www1.va.gov/nac/index.cfm?template=Search_Pharmaceutical_Catalog
http://www1.va.gov/nac/index.cfm?template=Search_Pharmaceutical_Catalog
http://dx.doi.org/10.1016/j.jcrc.2006.11.004
http://dx.doi.org/10.1016/j.jcrc.2006.11.004
http://dx.doi.org/10.1016/j.amjmed.2011.11.001
http://dx.doi.org/10.1016/j.amjmed.2011.11.001
http://dx.doi.org/10.2217/fmb15
http://dx.doi.org/10.1016/j.diagmicrobio.2012.10.003
http://dx.doi.org/10.1016/j.diagmicrobio.2012.10.003
http://dx.doi.org/10.1093/jac/dkm212
http://dx.doi.org/10.7326/0003-4819-149-2-200807150-00004
http://dx.doi.org/10.7326/0003-4819-149-2-200807150-00004
http://dx.doi.org/10.1097/MCC.0b013e32830f1dff
http://dx.doi.org/10.1097/MCC.0b013e32830f1dff
http://dx.doi.org/10.1093/cid/cit006
http://dx.doi.org/10.1155/2014/479413
http://dx.doi.org/10.1016/j.diagmicrobio.2009.04.002
http://dx.doi.org/10.1016/j.diagmicrobio.2009.04.002
http://dx.doi.org/10.1128/JCM.01198-14
http://dx.doi.org/10.1128/JCM.01198-14
http://dx.doi.org/10.1099/jmm.0.038166-0
http://dx.doi.org/10.1007/s10096-014-2218-4
http://dx.doi.org/10.1007/s10096-014-2218-4
http://jcm.asm.org

	MATERIALS AND METHODS
	Perspective and time horizon.
	Management strategies.
	Analysis parameters.
	Patient population.
	LOS.
	Treatment duration.
	Performance characteristics of laboratory diagnostic methods.
	Cost considerations.
	Effectiveness measurements.
	Sensitivity analysis.

	RESULTS
	Sensitivity analysis. (i) EET versus T2DT.
	(ii) FET versus T2DT.
	(iii) T2DT versus BCDT.

	DISCUSSION
	APPENDIX
	Glossary of terms. (i) Dominance.
	(ii) Efficient frontier.
	(iii) Expected cost.
	(iv) Input parameter.
	(v) ICER.
	(vi) One-way sensitivity analysis.
	(vii) Perspective.
	(viii) Probabilistic sensitivity analysis.

	REFERENCES

