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The present study tested in vitro susceptibility of Candida bloodstream isolates to fluconazole to determine
if the ratio of the fluconazole area under the concentration-time curve (AUC) or weight-normalized daily dose
(dose,,,,) to MIC correlated with mortality. Fluconazole susceptibility and outcome data were determined for
77 patients with a positive Candida blood culture between 2002 and 2005. The most commonly isolated Candida
species were C. albicans (64%), C. glabrata (14%), C. parapsilosis (8%), C. tropicalis (6%), and C. lusitaniae (4%).
Only two isolates were classified as fluconazole resistant by the CLSI M27-A2 method. Fluconazole MICs were
highest against C. glabrata relative to other Candida species. Overall the crude mortality assessed at hospital
discharge was 19.4% (r = 15). Mortality rates by species were as follows: C. albicans, 16.3%; C. glabrata, 36.4%;
C. parapsilosis, 0%; C. tropicalis, 0%; C. lusitaniae, 33.3%. A mortality rate of 50% was noted among patients
infected with nonsusceptible isolates (MIC = 16 pg/ml) compared to 18% for patients infected with susceptible
(MIC = 8 pg/ml) isolates (P = 0.17). The fluconazole dose,,,/MIC (24-h) values were significantly higher for
the 62 survivors (13.3 = 10.5 [mean = standard deviation]) compared to the 15 nonsurvivors (7.0 = 8.0)
(P = 0.03). The fluconazole AUC/MIC (24 h) values also trended higher for survivors (775 = 739) compared
to nonsurvivors (589 = 715) (P = 0.09). These data support the dose-dependent properties of fluconazole.
Underdosing fluconazole against less-susceptible Candida isolates has the potential to increase the risk of

mortality associated with candidemia.

Candida species are the fourth most common cause of nos-
ocomial bloodstream infection and are associated with attrib-
utable morality rates of 40% (6). Fluconazole is recommended
for treatment of candidemia in nonneutropenic patients due to
concentration-dependent activity, proven efficacy, a favorable
safety profile, and high bioavailability, which allows for intra-
venous or oral use (25). Most Candida species are susceptible
to fluconazole; exceptions are Candida glabrata, which has
reduced susceptibility to fluconazole, and Candida krusei,
which has intrinsic resistance (25, 27). Fluconazole resistance
in other species such as Candida albicans, Candida tropicalis,
and Candida parapsilosis has been rare although strains with
reduced susceptibility to fluconazole have been reported (26).
Since 1997, standardized testing published by the Clinical Lab-
oratory Standards Institute (CLSI, formerly NCCLS) has been
available to assess the in vitro susceptibility of Candida species
to fluconazole and has been promoted as a tool to help clini-
cians drive therapeutic drug selection (22, 23). Unfortunately,
testing of antifungal susceptibility is generally not considered
routine (24, 29). Reasons commonly cited for lack of routine
susceptibility testing include delays in receiving results and
conflicting data correlating fluconazole MICs to clinical out-
comes (24).

Animal models of candidiasis using fluconazole have shown
that the area under the concentration-time curve (AUC)-to-
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MIC ratio (AUC/MIC) and the maximum concentration of
drug in serum (C,,,,)-to-MIC ratio (C,,,/MIC) are the phar-
macodynamics indices that best correlate with mycologic re-
sponse (4, 16, 17). In mouse models, the 24-h AUC/MIC which
corresponded to the dose required to achieve 50% of the
maximum effect varied from 25 to 44. A similar pharmacody-
namic relationship has been established with other triazoles
(1-3). The AUC and C,,,, of fluconazole in adults can be
predicted with high accuracy given the patient’s body weight
and renal function (17). Unfortunately, previous human stud-
ies that have assessed the relationship between fluconazole
susceptibility and outcomes have used nonstandardized sus-
ceptibility testing methodology or have not taken into account
the wide range of C,,,, and AUC values possible for patients
given a fixed dose of fluconazole due to differences in body
mass and renal function (8, 14, 15). A small study of 32 patients
with candidemia given various doses of fluconazole demon-
strated that a lower dose compared to the fluconazole MIC was
associated with increased likelihood of persistent or break-
through candidemia (8). However, this study used data from
one medical center and did not assess the impact of flucon-
azole pharmacodynamics on mortality. The purpose of the
present study was to evaluate the relationship between flucon-
azole AUC/MIC and weight-normalized daily dose (dose,,,,)/
MIC ratios and mortality in hospitalized, nonneutropenic pa-
tients with candidemia.

MATERIALS AND METHODS

Subject enrolment and data collection. Candida isolates were obtained from
the bloodstreams of patients enrolled from two general surgical/medical hospi-
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tals participating in a multicenter, retrospective observational trial of candidemia
as previously described (10). To be enrolled in the trial, patients had to be
hospitalized between 2002 and 2005, have a blood culture positive for Candida,
be treated with fluconazole, and be hospitalized for greater than 48 h prior to
blood culture collection. Exclusion criteria included previous bloodstream infec-
tions by C. albicans or by a Candida species other than C. albicans, age less than
18 years, and unavailability or nonviability of Candida culture for susceptibility
testing. Patients given fluconazole for more than 24 h before the culture date or
given their first dose more than 2 days after the culture date were excluded from
this analysis. Data collected on all patients were fluconazole start and stop dates,
dose, and route; Candida species type and date of culture; demographics (age,
gender, race, weight, and past medical and surgical history); Acute Physiology
and Chronic Health Evaluation (APACHE) II scores (intensive care unit [ICU]
patients only), use of corticosteroids, presence of central venous catheters, total
parenteral nutrition, requirement for hemodialysis or mechanical ventilation,
admission type (surgical or nonsurgical), and location of patient at time of
culture (ICU or non-ICU). Laboratory information included data to calculate
APACHE 1I scores, white blood cell count, and maximum temperature within
the 24 h prior to collection of blood culture (13). Mortality was assessed at
hospital discharge. Other outcome variables collected included admission and
discharge dates from the hospital and ICU. Onset of symptoms was defined as
the day the blood culture was obtained. This study was approved by the institu-
tional review board at each participating institution.

Blood culture technique and susceptibility testing. Trained nurses or phlebot-
omists obtained all blood cultures after sterile disinfection of a peripheral vein or
central venous catheter. All blood samples were inoculated into aerobic media
and processed in the clinical microbiology laboratory of each institution using
automated culture techniques (Vitek). Species identification was confirmed us-
ing the Vitek YBC system or with the API 20C Aux method (BioMerieux Vitek,
Inc., Hazelwood, Mo.). The isolates were subcultured on Sabouraud dextrose
agar for viability and stored in Microbank vials (Pro-Lab Diagnostic, Toronto,
Ontario, Canada) at —70°C until use. The CLSI M27-A2-recommended quality
control isolates were used for susceptibility testing with each batch and included
ATCC 6258 (Candida krusei) and ATCC 22019 (Candida parapsilosis) (23).

Fluconazole stock solutions (1,000 pg/ml) were prepared using deionized
water, and susceptibility testing was performed using the CLSI M27-A2 broth
microdilution method. This method involves use of RPMI 1640-2% dextrose
buffered with 0.165 M 3-(N-morpholino)propanesulfonic acid adjusted to pH 7.0
(7,9, 18). Drug-containing microplates were prepared in batches through serial
doubling dilutions of fluconazole (0.5 pg/ml to 256.0 wg/ml), parafilmed, stored
at —70°C, and used within 2 weeks of preparation. Candida isolates were grown
on Sabouraud dextrose agar overnight and used to prepare a 0.5 McFarland
organism suspension diluted to a 2X inoculum. One hundred microliters of the
inocula was then dispensed into each microwell of the thawed fluconazole-
containing microplate to yield the appropriate concentration of drug and micro-
organism in each microwell. The plates were incubated at 35°C, and the MICs
were interpreted at 24 and 48 h based on a marked reduction in turbidity.

Statistical analysis. Values are expressed as means * standard deviations
(SD) for continuous variables and as percentages of the group from which they
were derived for categorical variables. Susceptibility of fluconazole was catego-
rized based on breakpoints provided by the CLSI (15). A fluconazole MIC of =8
png/ml was considered susceptible, 16 to 32 ug/ml was considered dose-dependent
susceptible, and =64 pg/ml was considered resistant. Fluconazole dose,,,/MIC
and AUC/MIC ratios were calculated by dividing the fluconazole dose (mg/kg of
body weight) or AUC by the MIC at 24 h (MIC24) and MIC48. Fluconazole
AUC values were calculated by dividing individual fluconazole doses by individ-
ual estimated fluconazole clearances. Fluconazole clearance was estimated using
a previously published regression equation that modeled fluconazole clearance
as a function of creatinine clearance (31). Fluconazole AUC/MIC and dose,,,,/
MIC ratio data were transformed to log;, to approximate a normal distribution
prior to statistical analysis. The correlation between mortality rates and suscep-
tibility breakpoints was assessed using chi-square analysis. Logistic regression
was used to assess the associations between AUC/MIC and dose,,,/MIC ratios
against mortality. Time till initiation of fluconazole (0, 1, or 2 days) was included
in mortality analyses, as previous research has shown that a delay in antifungal
prescription can impact mortality (10, 20). Significant AUC/MIC and dose,,,/
MIC breakpoints for mortality were determined using classification and regres-
sion tree (CART) analysis (12, 21). All statistical analyses were performed with
either SAS software, version 9.1 (SAS Institute, Cary, N.C.), or SYSTAT, version
8.0 (SPSS, Inc., Chicago, IL). All tests were two-tailed, and a P value of <0.05
was considered significant.
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TABLE 1. Clinical data for 77 patients with candidemia

Variable No. (%) of
patients
Demographics”
Gender
Male 41 (53)
Female ... 36 (47)
Race
Caucasian 27 (35)
Hispanic 28 (36)
African-American. 10 (13)
ORET o 12 (16)

Comorbid conditions
Diabetes mellitus..
Hemodialysis......
Solid-organ cancer ...
Human immunodeficiency virus/AIDS.

18 (23)
L13(17)
.10 (13)
.2(3)

Hospital variables collected on day of blood culture”
Febrile (temp > 100.5°F) c.coveiiiiiiiicccccccccceceenes 32(42)
Increased white blood cell count (>12.0 X 10%/liter).......... 40 (52)

Hospitalized in ICU 29 (38)
Central venous catheter .62 (81)
Corticosteroid treatment.. ..10 (13)

Total parenteral nutrition
Mechanical ventilation

“ Mean age (years) *= SD, 51 * 15; mean weight (kg) = SD, 78 = 18.
> Mean APACHE II score + SD, 19 + 9.

RESULTS

Fluconazole susceptibility and clinical data were available
for 77 of 109 patients with candidemia treated with flucon-
azole. Cultures were not available or were nonviable upon
regrowth for the remaining 32 isolates. Patient demographics
and clinical data are presented in Table 1. Comorbid condi-
tions present in more than 10% of the population included
diabetes mellitus (23%), hemodialysis (17%), and solid-organ
cancer (13%). The majority of patient were either febrile
(42%) or experienced an increased white blood cell count
(52%) on the day of blood culture with an average APACHE
II score of 19 = 9. Risk factors for candidemia present on the
blood culture day included a central venous catheter (81%);
hospitalization in the ICU (38%); and requirement for me-
chanical ventilation (29%), corticosteroids (13%), or total par-
enteral nutrition (8%). Fluconazole was initiated in 61 of 77
(79%) patients at the onset of symptoms, 6 of 77 (7%) within
24 h, and 10 of 77 (13%) within 24 to 48 h.

The most commonly isolated Candida species were C. albi-
cans (64%), C. glabrata (14%), C. parapsilosis (8%), C. tropi-
calis (6%), and C. lusitaniae (4%); other Candida species were
also isolated. The in vitro susceptibility of Candida to flucon-
azole at 24 hours is displayed in Table 2. The 48-h fluconazole
MICs were within one doubling dilution of the 24-h MIC for
~90% of isolates. However, five isolates (three C. tropicalis
isolates and two C. albicans isolates) had a 48-h MIC that was
at least 16-fold higher at 48 h compared to 24 h due to high-
trailing-growth isolates. The MIC at which 50% of isolates
were inhibited (MICs,) and MIC,,, for all species were 0.5 and
8 pg/ml, respectively. MICs were lowest for C. albicans and
highest for C. glabrata at 24 hours and 48 hours. Fluconazole
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TABLE 2. In vitro susceptibility to fluconazole, AUC/MIC, dose,,,/MIC, and mortality according to common isolated species at 24 h

Candida sp. (n) MICs, (png/ml) (range)

Mean AUC/MIC = SD

Mean dose,,/MIC = SD Mortality rate

(range) (range) (%)
C. albicans (49) 0.25 (0.25-128) 946 *+ 764 (0.58-3,097) 15.4 = 10.0 (0.035-35.6) 16.3
C. glabrata (11) 4.0 (0.25-16.0) 182 + 427 (11.2-430) 1.9 + 2.2 (0.30-7.9) 36.4
C. parapsilosis (6) 1.25 (0.25-2.0) 635 = 500 (59.9-1,050) 10.7 = 11.0 (1.18-26.7) 0
C. tropicalis (5) 1.0 (0.25-4.0) 657 = 788 (58.6-1,774) 11.4 =122 (1.23-32.7) 0
C. lusitaniae (3) 2.0 (1.0-4.0) 232 + 214 (27.8-462.2) 3.3 = 1.6 (0.78-12.9) 333

doses ranged from 150 to 800 mg. The fluconazole dose,,,/MIC
ratio ranged from 0.035 to 35.56 and averaged 12.06 + 10.31.
The dose,,,/MIC24 ratio was lowest for C. glabrata (1.88 =
2.20; range, 0.3 to 7.9) and highest for C. albicans (15.39 =
9.95; range, 0.035 to 35.6) although a wide range of dose,,,/
MIC ratios were noted (P = 0.0004). The dose,,,,/MIC48 ratio
was lowest for C. glabrata (1.51 = 2.34; range, 0.30 to 7.92) and
highest for C. albicans (13.17 = 10.47; range, 0.019 to 35.6)
(P = 0.0008). As illustrated in Table 2, mortality rates by spe-
cies were as follows: C. albicans, 16.3%; C. glabrata, 36.4%; C.
parapsilosis, 0% C. tropicalis, 0%; C. lusitaniae, 33.3%.

Correlation between fluconazole dose,,/MIC and mortality.
Seventy-three of 77 (95%) isolates were susceptible according
to CLSI breakpoints, 2 of 77 (2.5%) were dose-dependent
susceptible, and 2 of 77 (2.5%) were resistant (Table 3). Al-
though mortality rates were higher among patients infected
with nonsusceptible Candida species (50%) compared to sus-
ceptible (18%) species, these results were not statistically sig-
nificant after controlling for time to initiation of fluconazole
(P = 0.17). Fluconazole dose,,,/MIC24 ratio was significantly
higher for survivors (13.3 = 10.5; range, 0.035 to 35.6) com-
pared to nonsurvivors (7.0 = 8.0; range, 0.037 to 27.6), con-
trolling for time to initiation of fluconazole (P = 0.0345).
Although dose,,,,/MIC48 was higher for survivors (10.7 = 10.5;
range, 0.019 to 35.6) compared to nonsurvivors (6.1 = 8.1;
range, 0.019 to 27.6), these results were not statistically signif-
icant (P = 0.15). Mortality rates stratified by dose,,,/MIC ratio
using 24-hour MICs are shown in Fig. 1. Mortality rates de-
clined significantly with increased fluconazole dose,,,,/MIC24
ratios (P = 0.0272) from 30% for dose,,,,/MIC ratios between
0 and 5, 23% to 25% for ratios between 5 and 15, 10% for
ratios between 15 and 20, and 5% for ratios above 20. Similar
results were observed using the fluconazole dose,,,,/MIC48 ra-
tio; however, these results were not statistically significant (P =
0.27). A breakpoint of 12.0 for dose,,,/MIC24 ratio was ob-
served using CART analysis (P= 0.007; Fig. 2).

TABLE 3. Mortality rates stratified by fluconazole breakpoint

Mortality
MIC

P . No. of 24-h 48-h

Susceptibility br(Tg/iﬁl)m patients MIC MIC
n % n %
Susceptible =8 73 13 18 13 18
Dose-dependently 16-32 2 1 50 1 50

susceptible

Resistant =64 2 1 50 1 50

“ P = 0.1731 by chi-square analysis, controlling for time to initiation of flu-
conazole.

Correlation between fluconazole AUC/MIC and mortality.
Although fluconazole AUC/MIC24 and AUC/MIC48 were
higher in survivors compared to nonsurvivors, these results
were not statistically significant when controlled for time to
fluconazole initiation. The AUC/MIC24 ratios were 775 = 739
(range, 0.58 to 3,097) for survivors and 589 = 715 (range, 0.91
to 2,340) for nonsurvivors (P = 0.09). The AUC/MIC4S8 ratios
were 614 = 724 (range, 0.58 to 3,097) for survivors and 496 *
687 (range, 0.46 to 2,340) for nonsurvivors (P = 0.3). As illus-
trated in Fig. 3, the mortality rates stratified by AUC/MIC24
were 13.5%, 20.0%, and 30.0% for ratios of =500, 100 to 499,
and <100, respectively. However, an AUC/MIC of =500 was
also not found to be a statistically significant predictor of sur-
vival (P = 0.10). A breakpoint of 55.2 for the AUC/MIC24
ratio was observed using CART analysis (P = .008; Fig. 2).

DISCUSSION

In 1997, the CLSI published guidelines for the susceptibility
of yeast via broth macrodilution and microdilution methods
(22). The use and rationale for yeast susceptibility testing have
been recently reviewed (27, 29). The breakpoints were origi-
nally derived primarily from data correlating in vitro antifungal
susceptibility to clinical outcomes in human immunodeficiency
virus-positive patients with oropharyngeal and esophageal can-
didiasis treated with fluconazole (30). Since that time, five
different studies involving more than 600 patients have evalu-
ated the effect of susceptibility testing on clinical outcomes (5,
8, 15, 30, 32). Lee et al. evaluated the clinical correlation of
fluconazole MICs by the CLSI broth macrodilution method for
32 non-AIDS patients with hematogenous and deep-seated
candidiasis given 400 mg of fluconazole intravenously with
dosage adjustment for renal dysfunction (15). Although only
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FIG. 1. Mortality rate stratified by tertiles and fluconazole dose,,,/
MIC at 24 h (P = 0.03 using logistic regression controlling for time to
initiation of fluconazole therapy).
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FIG. 2. Probability of survival as a function of the AUC/MIC24 and dose,,,,/MIC24 ratio for 77 patients with candidemia given fluconazole.
CART analysis showed that the AUC/MIC24 breakpoint was 55.2 (P = 0.008) and the dose,,,/MIC24 breakpoint was 12.0 (P = 0.007).

two isolates were defined as resistant by the CLSI criteria, both
isolates contributed to clinical failure. In a study of 242 pa-
tients with Candida bloodstream infections, clinical success
rates decreased from 70% (144 of 206 patients) in patients with
susceptible isolates to 64% (16 of 25 patients) for dose-depen-
dently susceptible isolates to 55% (6 of 11 patients) with re-
sistant isolates (32). A dose-response relationship has also
been noted in ICU patients with candidiasis, where the mor-
tality rate was threefold greater in a group receiving 5 mg/kg
versus 10 mg/kg of fluconazole (11).

Perhaps the most convincing clinical evidence of a pharma-
codynamic relationship between fluconazole dose and out-
comes involved 32 patients treated with various doses of flu-
conazole (8). In that study, a fluconazole dose/MIC ratio of
>50 was associated with a 74% chance of mycologic eradica-
tion compared to an 8% chance of success with fluconazole
dose,,,/MIC ratios of =50. The present study expands on this
previous work by evaluating the relationship between flucon-
azole AUC/MIC and dose,,,/MIC ratios and mortality in hos-
pitalized, nonneutropenic patients with candidemia. The dose/
MIC relationship was calculated based on weight-normalized
values, making direct comparison between the two studies dif-
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FIG. 3. Mortality rate stratified by tertiles and fluconazole AUC/
MIC at 24 h (P = 0.09 using logistic regression controlling for time to
initiation of fluconazole therapy).

>500 (n=37)

ficult. However, weight normalization was critical in our study
given that two-thirds of our population were over 70 kg and
25% were over 90 kg. Consistent with previous studies our
patient population had significant comorbdities and high
APACHE II scores. The Candida species distribution was also
consistent with national prevalence rates, and fluconazole re-
sistance (MIC = 64 pg/ml) was only noted in two isolates. The
fluconazole dose,,,,/MIC24 ratio was identified as a statistically
significant variable associated with mortality. Although a trend
was noted, our relatively small sample size likely prevented the
identification of a statistically significant relationship between
fluconazole AUC/MIC24 ratio and mortality. The optimal
AUC/MIC ratio calculated using CART analysis of 55 corre-
lates positively with a previous nonneutropenic murine model
of systemic candidiasis that identified an AUC/MIC ratio of 44
as predictive of efficacy (4, 16). Taken together, our data along
with previously published studies support a concentration-de-
pendent pharmacodynamic profile for fluconazole that has sig-
nificant clinical impact.

This present study as well as previous studies are limited by
small sample sizes in their ability to provide an interpretive
pharmacodynamic breakpoint value. Thirty-two isolates were
not available for susceptibility testing in this study, and further
prospective studies will be required to assure that the study
results were not influenced by selection bias. Clinical outcomes
for patients with candidemia are also influenced by host factors
such as age, severity of illness, and comorbid conditions (28).
Larger studies will be required to assess the influence of these
variables on the pharmacodynamic optimization of antifungals.
The 48-hour MIC determinations were also shown to not be as
statistically significant, likely due to the trailing effect seen at
48 hours for five isolates. Likewise, extrapolation of these re-
sults to other antifungal agents will require further research.
Also, given that susceptibility testing results are not available
for 24 to 48 h, the ability to use breakpoint values to prospec-
tively guide patient therapy is limited until faster susceptibility
techniques become available. However, optimization of anti-
biotic treatment against bacterial bloodstream infections using
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average MICs, or MIC,,, values has been described (19). Pop-
ulation fluconazole MICs could be used to optimize flucon-
azole dosing based on appropriate pharmacodynamic param-
eters. For this to happen, a large multicenter study to assess the
appropriate interpretive pharmacodynamic breakpoint against
Candida species will be required.

In conclusion, increased fluconazole dose,, /MIC values
were associated with decreased mortality in 77 nonneutropenic
patients with candidemia. Given the high mortality rates re-
gardless of in vitro susceptibility, these data also assert the
need for higher fluconazole doses to manage C. glabrata-re-
lated relative to C. albicans-related candidemia. Prospective
studies that include a large number of patients with C. glabrata-
related candidemia are necessary to validate these results. This
improved understanding will invariably help clinicians select
and optimize antifungal therapy against this common, deadly,
and expensive fungal disease. For now, clinicians should ap-
preciate the strong possibility that underdosing fluconazole for
less-susceptible Candida isolates increases the risk of mortality.
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