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This cost minimization analysis investigated the financial impact of the treatment of fungemias due to
Candida glabrata from a hospital perspective using three competing alternatives: (i) performing in-house
susceptibility testing on all C. glabrata isolates and changing patients to less expensive fluconazole therapy for
isolates that test susceptible; (ii) susceptibility testing at outside laboratories with delayed deescalation to
fluconazole if isolates test susceptible; and (iii) no routine susceptibility testing with full echinocandin
treatment course. Sensitivity analyses and Monte Carlo simulation enhanced the robustness of the model
through variation of all assumptions and costs. In the base case, the use of in-house testing displayed a cost
advantage over the options of send-out testing and no susceptibility testing ($2,226 versus $2,410 versus $3,136,
respectively). Sensitivity analyses determined that the cost of echinocandin therapy and the turnaround time
for send-out testing had the potential to impact the base case model. The decision model indicated that
in-house susceptibility testing of C. glabrata isolates should result in lower overall treatment costs in patients

with documented C. glabrata fungemias.

Antimicrobial susceptibility testing is an integral tool in the
management of bacterial infections, and it is utilized by clini-
cians to help determine the optimal drug regimens for patients.
Regarding antifungal susceptibility testing, several institutions
have reported on their experience with testing and revealed
that these data are both appreciated by clinicians and utilized
to change therapy (4, 10). However, institution-based antifun-
gal susceptibility testing remains a relatively new concept
which has not yet been widely incorporated into many hospital
microbiology laboratories. Interestingly, the number of labo-
ratories that perform antifungal susceptibility testing is in-
creasing, from 50 in 1997 to over 100 today (22). This increase
in testing has been spurred mainly by two progressive trends.

First, prior to the azole antifungal agents, amphotericin B
was the only reliable agent available to treat systemic infection.
As such, susceptibility testing would have offered no true ben-
efit to clinicians. However, since that time the azoles and tri-
azoles have been introduced, expanding the antifungal arma-
mentarium. Most recently, the echinocandins, displaying
superb activity against most Candida spp., have come into
routine use (6). This increased use is not without a financial
impact on health systems, as echinocandins have a substantially
greater acquisition cost than fluconazole.

Second, a shift has taken place in the composition of Can-
dida spp. causing infections over the past decade. Infections
due to Candida spp. other than C. albicans have increased and
now comprise approximately 50% of all Candida bloodstream
isolates (4). Some of these non-C. albicans isolates, such as

* Corresponding author. Mailing address: Department of Pharmacy
Services, University of Michigan Health System, UHB2D301 Univer-
sity Hospital, 1500 E. Medical Center Dr., Ann Arbor, MI 48109-0008.
Phone: (734) 936-8210. Fax: (734) 936-7027. E-mail: cdcollin@umich
.edu.

+ Present address: Department of Pharmacy at New York-Presby-
terian Hospital, New York, NY 10032.

¥ Published ahead of print on 4 April 2007.

1884

Candida parapsilosis and C. tropicalis, are traditionally very
sensitive to fluconazole. Candida krusei, however, is intrinsi-
cally resistant to fluconazole. Isolation of Candida glabrata,
which comprises about 20% of all Candida isolates in the
United States, presents a conundrum to clinicians, since the
organism displays a variable susceptibility pattern to flucon-
azole (23). Table 1 showcases the institution-to-institution vari-
ability in both incidence of and fluconazole resistance to C.
glabrata. Also of interest is the predilection for fluconazole-
resistant C. glabrata to display cross-resistance to other azole
antifungals (23). As such, many experts now recommend that
patients with invasive infection due to C. glabrata be empiri-
cally treated with agents other than the azoles. The utility of
susceptibility testing would be to allow for appropriate dees-
calation in therapy once results are known (13, 21). The finan-
cial impact of deescalating echinocandin therapy is not without
precedence. Other studies have investigated the cost savings by
using peptide nucleic acid fluorescence in situ hybridization to
rapidly identify C. albicans in order to decrease echinocandin
use (1, 8).

Given the above developments, antifungal susceptibility test-
ing can be of utility to practitioners. Microbiology laboratories
have the option of performing susceptibility analysis internally
or sending isolates to outside facilities for testing. The cost,
turnaround time, and required labor may differ greatly be-
tween the two. We have undertaken a cost minimization anal-
ysis to investigate the financial impact of alternative suscepti-
bility testing strategies for patients with C. glabrata blood
isolates.

MATERIALS AND METHODS

A decision analytic model was developed from a hospital perspective based on
three testing and treatment options for patients with documented C. glabrata
fungemias. The three competing alternatives investigated are as follows: (i)
performing in-house susceptibility testing on all C. glabrata isolates and changing
patients to less-expensive fluconazole therapy for isolates that test susceptible;
(if) susceptibility testing at outside laboratories with delayed deescalation to
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TABLE 1. C. glabrata fungemias in the United States

No. of % of all

Site (reference) isolates candidemias Time period % S° % S-DD” % R
University of Michigan (16) 103 17 1995-2002 NA/ NA 60
MD Anderson (2) 34 24 1998-2001 59 24 17
Johns Hopkins (15) 52 34 June 2003-July 2004¢ 57 25 18
North America (23) 331 20¢ During 2001 and 2002 64 26 10

¢S, susceptible. MIC = 8 mg/liter.

 S-DD, susceptible-dose dependent. MIC, 16 to 32 mg/liter.
¢ R, resistant. MIC = 64 mg/liter.

4 Excludes August and September 2003.

¢ Global assessment program; collected isolates from all types of invasive candidiasis.

/NA, not applicable.

fluconazole if susceptible; and (iii) no routine susceptibility testing with full
echinocandin treatment course.

The decision tree was created using decision analysis software (DATA; Tree-
Age, Inc.). Data collected from literature reports, reference material, and expert
opinion were used to populate the model (Table 2). Medication acquisition cost
was added to labor cost and the price of testing to determine overall treatment
cost. Univariate and multivariate sensitivity analysis (Monte Carlo simulation)
enhanced the robustness of the model through variation of all probabilities and
costs that populated the model.

The base case model made the following assumptions: (i) echinocandin treat-
ment was initiated when yeast was detected on Gram stain; (ii) laboratories had
the ability to identify Candida isolates to the species level; (iii) identification of
C. glabrata to the species level would take 2 days and in-house susceptibility
testing or send-out would begin immediately following definitive identification;
and (iv) if isolates tested susceptible, patients were switched to fluconazole to
complete the 14-day course. C. glabrata isolates for which the fluconazole MIC
was =8 mg/liter as tested by broth microdilution according to CLSI standards
were considered susceptible to standard doses of fluconazole (7). A mean sus-
ceptibility rate of 60% was obtained from literature reports and was used in the
base case. Susceptibility rates were varied between 90% and 25% (3, 15, 16, 23).

Realizing that not all institutions begin echinocandin therapy after identifica-
tion of yeast isolates, a second model was developed under the assumption that
patients would receive 2 days of fluconazole after identification of yeast by Gram

TABLE 2. Decision analytic model variables

Sensitivity range

Model variable (reference) ?)/alue for _
ase casc Low ngh
Medication cost/day
Echinocandin
AWP (2) $224 0 $224
FSS (27) $118 0 $224
Fluconazole
AWP (2) $36 0 $72
FSS (27) $16 0 $72
Labor cost
In-house (26) $34 0 $68
Send-out (26) $5 0 $10
Susceptibility testing cost
Institutional® $71 $36 $107
Send-out*” $59 0 $301
Turn-around time (days)
In-house” 5 2 6
Send-out*” 7 4 11
Treatment days 14 6 28
C. glabrata susceptibility to 60% 25% 90%

fluconazole (1, 15, 23)

“ Internal estimates.
® Data taken from http://strl.uthscsa.edu/fungus/ (accessed 7 January 2007).

staining. Patients were then changed to an echinocandin on day 3 after identi-
fication of C. glabrata. Depending on susceptibility of the isolate, patients re-
ceived either 14 days (fluconazole to echinocandin and then back to fluconazole)
or 16 days (fluconazole to echinocandin) of total therapy.

Institution and send-out turnaround times for completion of susceptibility
testing after identifying yeast on Gram stain was estimated at 5 and 7 days,
respectively. In order to investigate the financial effects of early discharges and
longer treatment courses of other disease states, we varied the total treatment
duration between 4 and 28 days in the sensitivity analysis.

The base case utilized the average wholesale price (AWP) or Federal Supply
Schedule (FSS) price of fluconazole and micafungin (2, 27). Recent trials have
demonstrated that all three echinocandins (anidulafungin, caspofungin, and mi-
cafungin) are effective in the treatment of candidemia (5, 24, 25). Micafungin was
used in this review because it had the lowest listed echinocandin price (2). A daily
dose of 400 mg intravenous (i.v.) fluconazole was chosen based on guideline
recommendations (21). The impact of dosing fluconazole at 800 mg i.v. daily
was considered in the sensitivity analyses. For micafungin, a daily dose of 100 mg
was based on a recent, double-blind, noninferiority trial (25). Medication cost was
varied between $0 and AWP in the sensitivity analyses.

The cost of in-house susceptibility testing was determined by adding the cost
of commercially prepared broth microdilution plates (YeastOne; Trek Diagnos-
tics, Cleveland, OH), inoculation broth, and demineralized water. A cost per test
of $71 was used in the base case and varied by +=50% in the sensitivity analysis.
The cost of labor for in-house susceptibility testing was determined by summing
the times to set up, read, and enter results of testing into the computer system.
Total testing time was estimated at 99 min. Laboratory technologist hourly wage
was obtained from the 2005 U.S. Bureau of Labor Statistics and valued at $18.90
per hour for a total cost of $34 for in-house testing (26).

The cost of commercially available send-out testing used in the base case was
$59 and was obtained from the Fungus Testing Laboratory at the University of
Texas Health Science Center at San Antonio (http://strl.uthscsa.edu/fungus/;
accessed 7 January 2007). Labor time was estimated at 15 min to subculture and
complete paperwork, totaling $5 in labor cost. The cost of labor ranged between
$0 and twice the estimated cost in the sensitivity analysis.

RESULTS

Model results. The results of the decision analytic model are
displayed in Table 3. In the base case, internal susceptibility
testing displayed the lowest overall treatment cost. Treatment
cost was $2,226 when susceptibility was performed in-house,
$2,410 with send-out testing, and $3,136 for no testing what-
soever. This resulted in a mean cost difference of $184 for
in-house testing over send-out testing and a $910 advantage
over no testing.

Sensitivity analyses. Univariate sensitivity analyses deter-
mined that the cost of echinocandin therapy and the turn-
around time for send-out testing had the potential to impact
the base case model. The sensitivity analysis of the cost of
echinocandin therapy is displayed in Fig. 1. The echinocandin
break-even costs per day for institutional testing over send-out
testing and no testing at all were $70 and $51, respectively.
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TABLE 3. Summary of model results

Difference ($;

Treatment cost ($) R
institutional

Order of administration

- o advantage
and pricing (reference) Institution ~ Send-out No over no
testing testing testing testing)
Echinocandin initially
AWP pricing (2) 2,226 2,410 3,136 910
FSS pricing (27) 1,206 1,288 1,652 446
Fluconazole initially
AWP pricing (2) 1,916 2,214 3,208 1,292
FSS pricing (27) 1,035 1,178 1,684 649

Susceptibility results in the send-out group would need to be
reported in 5.4 days or fewer after identification of yeast from
the blood sample for send-out testing to provide the same
economic benefit as in-house testing. The Monte Carlo simu-
lation evaluated all variables over 10,000 iterations of our
model. The simulation determined in-house susceptibility test-
ing to be the optimal path in 60% of cases.

The results of our model were not altered with higher doses
of fluconazole. When an 800-mg daily dose of fluconazole was
used and the rate of susceptibility to fluconazole was changed
to 85%, the cost was $2,078 for institutional testing versus
$2,296 for send-out and $3,136 for no testing. Our model also
showed that it was advantageous for the hospital to test pa-
tients discharged in less than 14 days to complete their treat-
ment courses at home. Testing was financially advantageous if
the patient received more than 6 days of therapy while in the
hospital.

A two-way sensitivity analysis was performed on the cost of
echinocandin therapy and rates of susceptibility to fluconazole
(Fig. 2). Susceptibility testing, whether in-house or sent out,
maintained an advantage over no testing in a majority of situ-
ations. The difference in institutional testing versus send-out
testing was variable depending on the cost of echinocandin and
the rates of susceptible agents.

The analysis using FSS costs ($118/day for echinocandin and
$16/day for fluconazole) favored in-house testing, though dif-

Sensitivity Analysis on

Cost of Echinocandin

A @ Institution testing
@ Send-out testing

A No testing

4
p Threshold Values:
cEchinocandin = $51

Expected Cost of Treatment

SA oy _$717
cEchinocandin = $70
®® v -3903
$600 T T
$50 $108 $166 $224

Cost of Echinocandin

FIG. 1. Sensitivity analysis of the daily cost of echinocandin ther-
apy. Send-out testing becomes the preferred option with a daily echi-
nocandin cost (cEchinocandin) of =$70. Any form of susceptibility
testing loses the financial advantage with an echinocandin cost of =$51
per day. EV, expected treatment cost.
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Sensitivity Analysis on
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FIG. 2. Two-way sensitivity analysis on the cost of echinocandin
therapy and varying susceptibility rates to fluconazole.

ferences were less pronounced. The total treatment costs were
$1,206, $1,288, and $1,652 for the in-house, send-out, and
no-testing arms, respectively. Again, the cost of echinocandin
therapy and turnaround time for send-out testing had the po-
tential to impact the analysis. The break-even points for cost of
echinocandin therapy and turnaround time were $32 per day
and 5.7 days in this second analysis.

The difference in treatment cost between institutional test-
ing and no testing was greatest when fluconazole was initiated
after identification of yeast by Gram staining and prior to
identification of C. glabrata ($1,292). The total costs of therapy
were $1,916, $2,214, and $3,208 for the groups using in-house,
send-out, and no testing, respectively. The use of FSS pricing
and fluconazole initially resulted in the lowest treatment cost
in all models for institutional testing ($1,035).

DISCUSSION

The primary objective of this study was to investigate the
financial impact of three testing and treatment options in a
select group of patients. We performed a cost minimization
analysis where fluconazole and echinocandin were considered
equivalent in terms of clinical efficacy and side effect profiles
for the treatment of candidemias. The results of our model
indicate a cost advantage in performing susceptibility testing,
either internally or by sending cultures to an outside labora-
tory, over not testing at all. The model also indicates a small
advantage for performing susceptibility tests internally versus
send-out testing. We report a $910 savings in our base case
with institutional testing over no testing. Knowing that institu-
tions have reported identifying up to 52 isolates annually, this
could lead to substantial health care savings depending on
the incidence of C. glabrata fungemias in a particular insti-
tution (15). These results are particularly important in to-
day’s cost-conscious health system environment, given the
high cost of antifungal therapy and emerging patterns of
resistant organisms.

One limitation was the use of AWP in the base case. The
daily cost of both fluconazole and echinocandin is likely lower
than AWP at most institutions. The cost of echinocandin ther-
apy declined in 2006 after the introduction of competing class
alternatives. Despite this, the acquisition price of echinocan-
dins remains high. The choice of agent and contract price may
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vary depending on the institution. We feel the sensitivity anal-
yses enhance the generalizability of this study. Results dis-
played in Fig. 2 and the results of the analysis using FSS pricing
make it possible for individual institutions to predict the best
alternative based on echinocandin pricing structure and their
own susceptibility patterns. At the same time, some clinicians
may feel more comfortable using higher dosing of fluconazole.
When we used an 800-mg daily dose of i.v. fluconazole, results
still favored testing.

As with the cost of medication therapy, the cost of compet-
ing testing methods, susceptibility turnaround time, time and
ability to deescalate therapy once testing results are known,
and cost of labor may be highly variable depending on the
institutional laboratory or send-out facility. Changes in the cost
of testing and labor did not impact the results of our model,
and the turnaround time of send-out laboratories must be very
near to that of an internal laboratory to display a cost advan-
tage. Institution susceptibility testing was preferred in most
scenarios. Of interest, the availability of fluconazole disks for
susceptibility testing by disk diffusion will result in additional
cost reductions for susceptibility testing and will enhance the
benefit of performing this testing in-house as applied in this
model.

We solely utilized the treatment of candidemia caused by C.
glabrata in the base case of our analysis. This was chosen
because of the standard treatment duration of 14 days after a
positive blood culture (21). However, we believe our results
may translate to other infections requiring longer durations of
therapy. Our findings support the idea that deescalation of
therapy from an echinocandin to fluconazole would provide an
even more pronounced economic benefit when treatment con-
tinues for weeks or months. When total treatment time was
increased to 28 days, the difference between testing and no
testing was $2,489 per patient.

Although our study focused on the financial incentives of
antifungal susceptibility testing, it is even more important to
review the clinical implications. A crucial question is whether
in vitro susceptibility testing affects clinical outcomes. If it does
not, then most clinicians would find it to be of little utility in
practice. Logically, one would think that clinical outcomes
would correlate well with the results of in vitro susceptibilities.
Surprisingly, the literature does not always support this logic as
it relates to antifungal susceptibility testing. Indeed, several
studies have found that the acute physiology and chronic
health evaluation score at the time of fungemia, not in vitro
susceptibility test results, was the most important factor in
predicting mortality (16). The reason for this discrepancy more
likely reflects the severely ill condition of most patients with
fungemia rather than refuting the validity of susceptibility test-
ing (16). Regarding the echinocandins, one study showed that
patients with Candida isolates having higher caspofungin MICs
(>2 pg/ml) had superior clinical outcomes compared to those
with isolates displaying caspofungin MICs of <1 pg/ml (14).
However, since only three patients treated with caspofungin
were infected with isolates with MICs of >2 pg/ml, this study
does not supply enough data to make any conclusions regard-
ing the effect of elevated echinocandin MICs on outcome.
Conversely, a recent review by Pfaller and colleagues provides
ample evidence that fluconazole MIC does correlate clinically.
Analysis of MIC correlation to clinical outcome in studies of
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patients with mucosal and invasive candidiasis showed that
higher doses (meaning a dose/MIC ratio of >25:1) are more
often associated with successful outcomes than are lower doses
(22). In addition, a recent study found that the fluconazole
dose/MIC ratio was significantly higher in survivors of candi-
demia (13.3 = 10.5) than in nonsurvivors (7.0 = 8.0) (20). As
such, fluconazole susceptibility testing provides crucial infor-
mation that can be utilized to optimize both clinical and finan-
cial outcomes.

Another potential clinical advantage of susceptibility testing
(especially when done in-house) is in facilitating quicker inter-
ventions. In the base case model of our study, echinocandin
treatment was initiated when yeast was detected on Gram
stain. The decision to initiate fluconazole or an echinocandin
empirically is a source of controversy and depends largely on
local susceptibility patterns. Recent literature showing a cor-
relation between time to initiation of appropriate antifungal
therapy and in-hospital mortality due to candidemia has
exemplified the importance of this decision (9, 18). More
rapid susceptibility results would shorten the time to make
appropriate therapy adjustments in the case of inappropri-
ate empirical therapy.

This study supports the assumption that antifungal suscep-
tibility testing is a necessity in today’s world of resistant organ-
isms and expensive agents. As such, institutions are left with
two options: in-house testing and send-out testing. Both meth-
ods increase laboratory costs while decreasing pharmacy costs
to a greater extent. Instituting this practice into hospital mi-
crobiology laboratories, which are often already financially
constrained, is a practical barrier that must be addressed.

Conclusion. The decision model indicates that susceptibility
testing of C. glabrata isolates should result in lower overall
treatment costs for patients with documented C. glabrata fun-
gemias.
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