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Recent studies of nonneutropenic patients with candidemia or candidiasis suggest that fluconazole phar-
macodynamic parameters correlate with clinical outcomes; however, additional data of correlation to mortality
in patients with candidemia would be valuable. We assessed the impact of MICs for Candida, fluconazole
pharmacodynamics, and patient characteristics on all-cause mortality with use of a prospective cohort of 96
hospitalized patients with candidemia. Among 84 patients for whom Candida isolates were available for testing,
the most frequent Candida species isolated were Candida albicans (44%), followed by Candida parapsilosis
(20.2%), and Candida glabrata (20.2%). Fluconazole resistance (MIC of =64 pg/ml) was present in 7 (8.3%) to
10 (11.9%) of 84 isolates, depending on the MIC endpoint determination method (50% or 80% inhibition read
at 24 or 48 h). Overall mortality occurred in 27 (28.1%) of 96 patients, and nonsurvivors were more likely to
have fluconazole-resistant isolates (25% versus 6.7%; P = 0.02). Multivariable analysis demonstrated an
association between fluconazole resistance and mortality, but it did not reach statistical significance (odds
ratio, 5.3; 95% confidence interval, 0.8 to 33.4; P = 0.08). By pharmacodynamic analysis, a fluconazole area
under the concentration-time curve/MIC of <11.5 or MIC of =64 was associated with increased patient
mortality (P = 0.09). These data support previous findings of an antifungal exposure-response relationship to
mortality in patients with candidemia. In addition, similar MICs were obtained using a 24- or 48-h MIC
endpoint determination, thus providing the opportunity to assess earlier the impact of isolate susceptibility on

therapy.

Fluconazole has been a recommended treatment option for
patients with invasive candidiasis and candidemia because of
its proven safety and efficacy (20, 23). However, because of an
increase in non-albicans Candida species and associated flu-
conazole resistance in certain Candida species, specifically
Candida glabrata and Candida krusei, the treatment of candi-
demia has become more challenging.

As there has been increased awareness of Candida infections
and their impact on morbidity and mortality in the past decade
(23), there has also been the development of a reliable, stan-
dardized, methodology to test antifungal susceptibility of Can-
dida isolates to fluconazole (15). For any particular suscepti-
bility test, the MIC will give information under fixed,
laboratory conditions; but other important factors, especially
drug dosage, distribution, and elimination, are valuable in ad-
dition to MICs for correlating treatment to outcomes. The
field of study that considers the relationship among MIC, an-
timicrobial pharmacokinetics, and treatment outcome is phar-
macodynamics.

Multiple nonclinical experiments have demonstrated that
the ratio of the 24-h free-drug area under the plasma concen-
tration-time curve (AUC) to the MIC (AUC/MIC) is the phar-
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macodynamic index predictive of triazole efficacy (3, 13).
Moreover, the 24-h AUC/MIC target of >25 has been associ-
ated with efficacy in animal models of Candida albicans infec-
tion (2, 3, 12, 13). Analysis of clinical outcomes in patients with
mucosal candidiasis suggests that a fluconazole AUC/MIC tar-
get near 25 is similarly predictive of a favorable outcome in
patients (4, 5, 10, 11, 15, 22). Importantly, these pharmacody-
namic data are supportive of the CLSI fluconazole susceptibil-
ity breakpoints and the creation of the susceptible dose-depen-
dent category. More recent studies of nonneutropenic patients
with candidemia suggest that this pharmacodynamic target also
correlates with mortality and therapeutic success for systemic
infection (6, 7, 16). A concern that remains is the paucity of
data on the fluconazole MIC and its correlation to mortality
among patients with candidemia. Although there are adequate
data on the relation of the fluconazole MIC to clinical re-
sponse, additional data of a correlation to mortality would be
valuable (16, 19, 21, 24, 25). Herein, with the use of a prospec-
tive, observational study of patients with candidemia, we assess
the impact of the MIC for Candida, fluconazole pharmacody-
namics, and other patient characteristics on all-cause mortality.
In addition, using CLSI methodology, this study attempts to
compare the performance of the recently approved 24-h MIC
reading endpoint with that of the previously approved 48-h
endpoint for prediction of patient mortality.

(This work was presented in part at the 44th Annual Meet-
ing of the Infectious Diseases Society of America, 12 to 15
October 2006, Toronto, Canada.)
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MATERIALS AND METHODS

Clinical data. Patients were identified from a prospective, observational
study of 119 consecutive adult patients with candidemia that was conducted
at University Hospital in Birmingham, AL, from 15 July 2002 to 15 July 2003
(18). For the current study, patients were included if they received initial
monotherapy with fluconazole for 3 days or more and had mortality data
available (96 patients). Data collected included demographics, Candida spe-
cies, fluconazole MICs, fluconazole dose, and outcome (all-cause mortality at
6 weeks after first positive culture for Candida). Other data, including infor-
mation on factors that previous studies suggested potentially impact mortal-
ity, were collected on underlying diseases, Acute Physiology and Chronic
Health Evaluation (APACHE II) score at the time of drawing blood for
culture, time to administration of fluconazole, location in the intensive care
unit, Candida colonization, and previous surgery or antifungal use (8, 9).
Fluconazole doses ranged from 200 to 800 mg daily and were determined by
the primary healthcare providers or consulting physicians and pharmacists.
Neutropenia was defined as =500 neutrophils per mm?. Time to fluconazole
administration was defined as the number of days from the first blood sample
positive for yeast to the administration of fluconazole.

Susceptibility testing. Susceptibility to fluconazole was evaluated by a broth
microdilution method per CLSI document M27-A2 (15). MIC endpoints were
determined after incubation at both 24 and 48 h at 35°C. MICs of fluconazole
were measured visually at two endpoints and were based on the concentration
that produced a 50% or 80% (MIC2450, MIC2480, MIC4850, and MIC4880,
respectively) inhibition in growth compared to that of the drug-free control.
Candida parapsilosis (ATCC 22019) and C. krusei (ATCC 6258) organisms were
included with each testing for quality control. All isolates were run in duplicate.
Susceptibility to fluconazole was defined as an MIC of =8ug/ml; susceptible-
dose dependent (S-DD) was defined as an MIC of 16 to 32 pg/ml; and resistance
to fluconazole was defined as an MIC of =64 pg/ml.

Analyses of factors associated with patient outcome. Frequencies of categor-
ical variables and means, medians, and standard deviations of continuous vari-
ables were calculated. Univariate analyses were performed using chi-square or
Fisher’s exact methods for categorical variables and a student’s ¢ test or the
Wilcoxon rank sum test for continuous variables. To assess the association of
factors to mortality, univariate and multivariable logistic regression analysis was
used. All variables significant at a P value of <0.20 in univariate analyses were
included as possible predictor variables in the models in addition to time to
fluconazole administration. APACHE II score (1-point intervals) and time to
fluconazole administration (days) were entered into the final models as contin-
uous variables. Using classification and regression tree (CART) analysis as im-
plemented in the SYSTAT program (version 11.0; SYSTAT Software, Inc.,
Richmond, CA), categorical breakpoint values that identified the greatest dif-
ference in probability for mortality for each continuous independent variable
were assessed, and any such categorical variables were evaluated as part of the
logistic regression analysis. However, the CART breakpoint value for the
APACHE II score was not placed in the final model as a categorical variable due
to the small number of patients and model instability. One final logistic regres-
sion model, using stepwise regression, was run with an MIC endpoint variable
that showed the strongest association with mortality. Model goodness-of-fit was
determined with use of the Hosmer-Lemeshow statistic, and the final model fit
the data well. The ability of the different MIC endpoints to agree in detection of
fluconazole resistance among the isolates was measured using the kappa statistic.
Statistical tests were two tailed and were performed using a 0.05 significance
level. Statistical analyses, excluding CART analyses, were conducted using SAS
(version 9.1; SAS Institute, Inc., Cary, NC).

Pharmacodynamic modeling and outcome. We examined the relationship
among fluconazole exposure, MIC for the organism, and mortality in patients
with candidemia using univariate logistic regression and nonlinear regression
(using a Hill-type model). We considered both the 24-h and 48-h MIC endpoints.
Fluconazole exposure was expressed as the ratio of the 24-h free-drug AUC/
MIC. Free-drug AUC values were derived for each patient using the daily dose
received, a point estimate for fluconazole clearance (0.96 ml/min), and protein
binding (12%) (16). MICs and AUC/MICs were evaluated both as continuous
and categorical variables. CART analysis was used to identify categorical break-
point values that identified the greatest difference in probability for patient
survival for each of these measures. All pharmcodynamic analyses, including
evaluations using CART, were conducted using SYSTAT (version 11.0; SYSTAT
Software, Inc., Richmond, CA).
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RESULTS

Clinical characteristics. Ninety-six patients were identified
who received initial fluconazole monotherapy for =3 days and
for whom mortality data were available. The mean age of
patients was 51.9 years; 52% were male, and 58% were Cau-
casian. The overall mean APACHE II score was 16, and it was
greater in nonsurvivors than survivors (22 versus 13.7; P <
0.001). Common characteristics among the study patients are
listed in Table 1 and included use of central venous catheters
(89.6%), location in an intensive care unit (43.8%), malignancy
(22.9%), diabetes mellitus (33.3%), previous surgery (30.2%),
total parenteral nutrition (30.2%), neutropenia (11.5%), trans-
plantation (12.5%), and previous antifungal use (23.9%). An-
tifungal therapy with amphotericin B formulations, caspofun-
gin, or voriconazole after initial fluconazole dosing was given
in 12 (12.5%) of 96 patients; however, no significant difference
in frequency of receipt of other antifungals was present in
patients infected with fluconazole-susceptible or -resistant iso-
lates or among those who lived or died. Patients who had
received antifungal therapy within 2 weeks prior to the first
positive blood culture for Candida were more likely to have
been infected with a fluconazole-resistant isolate (25% versus
7.5%; P = 0.053).

All-cause mortality at 6 weeks after the first positive Candida
blood culture occurred in 27 (28.1%) of 96 patients. Mortality
was higher in patients infected with C. albicans than non-
albicans species (35.7% versus 22.2%; P = 0.14). Overall, mor-
tality was highest with C. krusei (40%), followed by C. albicans
(35.7%), C. parapsilosis (26.4%), Candida tropicalis (20%), and
C. glabrata (15.8%). On univariate analysis, nonsurvivors were
more likely to be located in the intensive care unit (66.7%
versus 34.8%; P = 0.005), intubated at the time of positive
Candida culture (55.6% versus 26%; P = 0.006), and colonized
with Candida species (66.7% versus 34.8%, P = 0.005); they
were more likely than survivors to have APACHE scores of
>23 (29.6% versus 2.9%, P = 0.0001) (Table 1).

Candida species susceptibilities. Of the 96 study patients, 84
(87.5%) had isolates available for susceptibility testing. Among
these 84 patients, the most frequent cause of candidemia
was C. albicans (44%), followed by C. parapsilosis (20.2%), C.
glabrata (20.2%), C. tropicalis (11.9%), and C. krusei (2.3%).
Fluconazole resistance (MIC of =64 ug/ml) was present in 7
(8.3%, MIC at 24 h) to 10 (11.9%; MIC at 48 h) of 84 isolates,
depending on the MIC reading endpoint (Table 1). Flucon-
azole susceptibility (MIC of = 8ug/ml) was present in 69
(82.1%, MIC at 24 h) to 74 (88%, MIC at 48 h) of 84 isolates,
whereas 2 (2.4%, MIC at 24 h) to 5 (6.0%, MIC at 48 h) of 84
isolates were determined to be S-DD (MIC of 16 to 32 pg/ml).
Overall, the four different MIC determination methods were
consistent with each other in identifying fluconazole resistance
(kappa coefficients ranging from 0.80 to 0.88). Resistance was
most common among C. krusei (2/2, 100%) and C. glabrata
(4/17, 23.5%; MICs, of 8 pg/ml; MIC,, of 64 pg/ml) isolates.
Nonsurvivors were more likely than survivors to have flucon-
azole-resistant isolates (at all MIC endpoints) (Tables 1 and 2),
but this was significant only at the 48-h endpoints (25% versus
6.7%; P = 0.02). This difference at the time points was ex-
plained by the death of two patients whose isolates were de-
termined to be susceptible at 24 h but resistant at 48 h. Overall
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TABLE 1. Characteristics of 96 patients with candidemia

Value for the parameter

Parameter P value®
Total group (n = 96) Survivors (n = 69)* Nonsurvivors (n = 27)*
Mean age = SD (yr) 51.9 =158 49.7 + 14.8 57.7+17.1 0.039
Age of =63 yr (n [%])° 25 (26) 12 (17.4) 13 (48.1) 0.002
No. (%) of males sex 50(52) 38 (55.1) 12 (44.4) 0.35
No. (%) of Caucasians 56 (58.3) 40 (58.0) 16 (59.3) 0.90
Mean APACHE II score (SD) 47 (8) 13.7(5.8) 22 (9.7) 0.0002
APACHE II score of >23 (n [%])° 10 (10.4) 2(29) 8(29.6) 0.0001
Patient medical profile (n [%])
Diabetes mellitus 32(33.3) 20 (29.0) 12 (44.4) 0.15
Renal insufficiency” 22 (22.9) 14 (20.3) 8(29.6) 0.33
Neutropenia® 11 (11.5) 10 (14.5) 13.7) 0.14
Transplantation 12 (12.5) 7(10.4) 5(185) 0.27
Malignancy 22 (22.9) 19 (27.5) 3(11.1) 0.09
ICU location” 42 (43.8) 24 (34.8) 18 (66.7) 0.005
Previous surgery® 29 (30.2) 19 (27.5) 10 (37.0) 0.36
Intubation 33 (34.4) 18 (26.0) 15 (55.6) 0.006
Central venous catheter 86 (89.6) 61 (88.4) 25(92.3) 0.54
Total parenteral nutrition 29 (30.2) 20 (29.0) 9(33.3) 0.68
Candida colonization 42 (43.8) 24 (34.8) 18 (66.7) 0.005
Previous antifungal treatment” 23 (23.9) 16 (23.2) 7(25.9) 0.78
Fluconazole resistance (no. of resistant
isolates/no. in group [%])
MIC2450 7/84 (8.3) 3/60 (5.0) 4/24 (16.7) 0.08
MIC2480 8/84 (9.5) 4/60 (6.7) 4/24 (16.7) 0.16
MIC4850 10/84 (11.9) 4/60 (6.7) 6/24 (25.0) 0.02
MIC4880 10/84 (11.9) 4/60 (6.7) 6/24 (25.0) 0.02
Time to fluconazole treatment (mean 1.59 (1.2) 1.5(1.3) 1.8 (1.1) 0.3
no. of days [SD]y
Mortality (no. of nonsurvivors/total no. 27/96 (28.1)

in group [%])*

“ Mortality data were available for 96 patients.

b P values were computed with chi-square or Fisher’s exact testing for categorical variables and a student’s ¢ test for the variable age.

¢ Based on CART analysis breakpoint value (boldface values).

4 Defined as serum creatinine of >2.0 mg/dl.

¢ Defined as absolute neutrophil count of <500 at time of culture.

I Location at time blood culture was drawn. ICU, intensive care unit.
& Surgery within previous 1 month prior to culture.

" Receipt of a systemic antifungal agent within 2 weeks prior to first positive Candida blood culture.

“Isolates from only 84 of the 96 patients were available for susceptibility testing. Fluconazole was defined as a MIC of =64 pug/ml. MICs were read visually after 24 h
or 48 h of incubation and determined as 20% (MIC2480, MIC4880) or 50% inhibition (MIC2450, MIC4850) compared with growth control.

/ Defined as time from culture to start of fluconazole (mean days). Comparison is by a Wilcoxon rank sum test.

K Mortality was defined as all-cause death at 6 weeks after first positive Candida blood culture.

mortality was 25.4% (18/71), 20% (1/5), and 60% (6/10) for
patients with fluconazole-susceptible, S-DD, and resistant iso-
lates, respectively (MIC4850) (Table 2).

Independent factors related to mortality. A multivariable
logistic regression model was constructed that included age, gen-
der, race, cancer, neutropenia, intensive care unit location, intu-
bation, APACHE 11 score, Candida colonization, time to flucon-
azole administration, and fluconazole resistance (MIC4850). For
the variable age, =63 years was used based on a breakpoint
determined by CART analysis. Age of =63 years (odds ratio
[OR], 8.9; 95% confidence interval [CI], 2.0 to 38.9; P = 0.004)
and APACHE II (OR, 1.2; 95% CI, 1.03 to 1.3; P = 0.01) were
independently associated with mortality (Table 3). Having a
fluconazole-resistant isolate was associated with mortality
(ORs, 1.8 to 5.0), with 48-h MIC readings showing the stron-
gest association (OR, 5.3; 95% CI, 0.8 to 33.4; P = 0.08).
However, these associations did not reach statistical signifi-
cance in the final model.

Pharmacodynamic analyses. Among 84 patients with iso-
lates available for susceptibility testing, 60 (71%) survived. The
majority of patients (n = 81) received daily fluconazole doses
of 400 mg. The remaining three patients received 200 mg every
24 h. The MIC2450 and MIC4850 values ranged from 0.125 to
64 pg/ml. The MICs, and MIC,, values of 0.5 and 32 pg/ml at
24-h and 0.5 and 64 pg/ml at 48-h endpoints were very similar
(Spearman’s rank correlation coefficient, 0.91); MIC2450 val-
ues were within 1 dilution of MIC4850 values for 90% of
paired observations. The median (range) for AUC/MICs,
based on either MIC2450 or MIC4850 values, was 733 (5.72 to
2,933). With the exception of seven patients for whom the
AUC/MICs (based on MIC2450 values) were 5.73 and among
whom the survival rate of 42.9%, the percentage of patients
surviving among groups ranked by increasing AUC/MICs of
=11.5 was reasonably similar (68.0 to 81.8%) (Fig. 1). As
shown in Fig. 2, CART analysis revealed breakpoints for sur-
vival for both the AUC/MIC and MIC of 11.5 and 64 pg/ml,
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TABLE 2. Relationship of MIC to mortality in patients with candidemia
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TABLE 3. Analysis of factors related to mortality

Mortality at the indicated MIC (no. of

MIC (ug/ml) by nonsurvivors/total no. in group [%])”

susceptibility
level MIC2450  MIC2480 MIC4850 MIC4880

Susceptible

0.125 500 (25)  2/5 (40) 3/9(333)  1/3(33.3)

0.25 421(19)  320(15)  3/18(167) 2/12(16.7)

0.5 6/15(40) 521 (238) 522(22.7) 5126 (31)

1 0/1 (0) 5/11(45.5)  1/4(25) 2/9 (22.2)

2 2/8(25)  1/1(100)  0/2(0) 2/2 (50)

4 3/8(37.5) 1/12(83) 311 (27.3) 19 (11.1)

8 0/1 (0) 3/4 (75) 3/5 (60) 4/6 (66.7)

Total 2074 (27)  20/74(27)  18/71(25)  17/69 (24.6)
S-DD

16 0 0 0/1 (0) 1/3 (33.3)

32 03(0)  02(0) 072 (0) 0/2 (0)

Total 0/3 (0) 072 (0) 0/3 (0)
Resistant (64)  4/7 (57.1)  4/8 (50) 6/10 (60)  6/10 (60)

“ Susceptible, MIC of =8 wg/ml; S-DD, MIC of 16 to 32 pg/ml; resistant, MIC
of =64 pg/ml.

> MICs were read visually after 24 h or 48 h of incubation and determined at
50% or 80% inhibition (MIC2450, MIC2480, MIC4850, and MIC4880, respec-
tively) compared with growth control. Eighty-four patient isolates were included.

respectively. For MIC2450 values, 74.0% (57/77) of patients
survived when the AUC/MIC or MIC values were at or above
these thresholds. Below these thresholds, 42.9% (3/7) of pa-
tients survived. Similar results were evident for MIC4850 val-
ues; 75.7% (56/74) of patients survived at or above each of
these thresholds while only 40% (4/10) of patients survived
below these thresholds. Note that in units of dose/MIC, an
AUC/MIC ratio of 11.5 translated to a dose/MIC ratio of 12.5.

Univariate logistic regression revealed significant associa-
tions for each of these categorical variables. As shown in Table
3, for patients infected with isolates demonstrating fluconazole
resistance, which is defined by the same MIC as identified by
the CART analysis (64 pg/ml), the OR was 4.7 (95% CI, 1.2 to
18.4; P = 0.03) for categorical MIC and AUC/MIC variables
based on the MIC at 48 h.

DISCUSSION

Fluconazole remains an effective drug for the treatment of
invasive candidiasis and candidemia, but its use has been com-
plicated by emerging non-albicans Candida species and asso-
ciated azole resistance (17, 23). With the advent of standard-
ized methodology to test antifungal susceptibility of Candida
isolates to fluconazole, a variety of in vitro, animal model, and
clinical studies have demonstrated the impact of the MIC on
treatment outcome (1, 3, 7, 11, 14, 21, 24). More recently,
studies of the impact of the MIC have also begun to consider
the influence of exposure to drugs on patient outcome. Anti-
microbial pharmacodynamics involves the evaluation of rela-
tionships among the MIC, drug exposure, and outcome. In
vitro and animal model studies with antifungals from the tri-
azole class have consistently shown that the total drug expo-
sure or AUC/MIC is the pharmacodynamic index that is asso-
ciated with treatment effect (1). Subsequent investigations

Univariate analysis® Multivariate analysis®

Variable
OR 95% CI Pvalue OR 95% CI P value
Age of >63° 4.4 1.7-11.7  0.003 8.9 2.0-38.9  0.004
Male sex 0.7 0.3-1.6 0.35
White race 1.1 0.4-2.6 0.90
APACHE II° 1.2 1.08-1.3 0.0002 1.2 1.03-1.3 0.01
Malignancy 03 0.09-1.2  0.10
Neutropenia® 0.2 0.03-1.9  0.17
Intubated 3.5 1.4-9.0 0.008
Candida 3.8 1.5-9.6 0.006
colonization
ICU location® 3.8 1.5-9.6 0.006
Time to 1.2 0.8-1.8 0.31
fluconazole/
Fluconazole 4.7 1.2-184 0.03 5.3 0.8-33.4  0.08
resistant
(MIC4850)®

“ For multivariate logistic regression analysis, variables with P of <0.20 on
univariate analysis were included in a stepwise regression model in addition to
variables for age, race, sex, and time to fluconazole administration. When a
continuous variable was significantly related to mortality as such or as a cate-
gorical variable, the most significant of these variables was evaluated by logistic
regression analysis. One MIC (MIC4850) was chosen for the final model based
on strength of association with mortality. The best model fit was with the values
of the MIC4850 or MIC4880, which showed identical results. Results are listed
for significant variables (P < 0.05) and the MIC variable. P values obtained are
two tailed.

? The value 63 years was based on breakpoint from CART analysis.

¢ At time of culture as acontinuous variable (1-point increments).

@ Defined as absolute neutrophil count of <500 at time of culture.

¢ Location at time blood culture was drawn. ICU, intensive care unit.

/ Defined as time from culture to start of fluconazole (days).

& Fluconazole resistance was defined as a MIC of =64 pg/ml.

have demonstrated that the amount of triazole or the pharma-
codynamic target needed for efficacy is a 24-h free-drug AUC/
MIC near 25 (1, 3, 12). This value can be thought of as the in
vivo MIC and is essentially the same as averaging the MIC over
a 24-h period.

Recently, in human studies, there have been important re-
ports of a correlation of fluconazole pharmacodynamic expo-
sures to therapeutic success (7, 11, 16, 21, 24). In a retrospec-
tive analysis of the MIC data set used for the development of
susceptibility breakpoints, it became clear that a fluconazole
dose/MIC ratio near 25 (or a value near an AUC/MIC of 25)
was associated with clinical success (21). The majority of this
data set included patients with mucosal candidiasis; however,
for the 108 patients that had candidemia, the relationship was
similar. More recently, small data sets have provided addi-
tional clinical information allowing analysis of fluconazole
pharmacodynamics with respect to invasive candidiasis and
candidemia (7, 11, 16). Clancy and colleagues reported the
relationship between fluconazole dose, MIC, and outcome in
32 patients with candidemia, and overall, patients infected with
isolates for which the MICs were elevated fared worse than
those infected with susceptible organisms (7). All 6 patients
infected with fluconazole-resistant (MIC of =64 pg/ml at 48 h)
isolates had therapeutic failure, while among 21 patients in-
fected with fluconazole-susceptible (MIC of =8 pg/ml) iso-
lates, 14 (67%) had therapeutic success. The clinical data set
also include the fluconazole dose level, and the same correla-
tion was found for the dose/MIC ratio and therapeutic re-
sponse. Therapeutic response was significantly greater for a
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FIG. 1. Relationship between the fluconazole 24-h AUC/MIC and survival in patients with candidemia (n = 84).

48-h fluconazole dose/MIC ratio of >50 than for a ratio of =50
(74% versus 8%, P = 0.0003) (7).

In a contemporary cohort, Lee et al. examined data from 32
human immunodeficiency virus-negative patients with systemic
Candida infection treated with fluconazole (11). This patient
group included 22 bloodstream infections and 10 other pa-
tients with peritonitis, pyelonephritis, or pulmonary infection.
Of 32 patients, 8 (25%) were infected with organisms for which
the MIC was =32 pg/liter. With the fluconazole dosing (400
mg/day) used in these patients, the 24-h AUC/MIC was below
20 for all of these patients, and treatment failed in 75%. In the
remaining cases, the 24-h AUC/MIC was above 20, and pa-
tients received successful treatment in most cases (79%).

Pai and colleagues evaluated the fluconazole pharmacody-
namic relationship in 77 patients with candidemia but focused
on the endpoint of mortality at hospital discharge instead of
therapeutic success (16). Only 2 (2.5%) of 77 isolates were
fluconazole resistant, but an increase in mortality was found in
patients for whom the 24-h AUC/MIC ratios were lower (0 to
15), when controlling for time to initiation of fluconazole ther-
apy (P = 0.09). When the analysis of mortality was stratified by
the 24-h fluconazole dose/MIC ratio, mortality declined signif-
icantly with increased ratios (P = 0.03); however, a significant
correlation between mortality and the 48-h fluconazole dose/
MIC ratio assessed as a continuous variable was not found.
CART analysis demonstrated that a fluconazole dose/24-h
MIC ratio of 12 was significantly associated with mortality (P =
0.007), which is consistent with the dose/MIC threshold of 11.5
based on the analyses described herein.

A Survival B

Survival

AUCMIC
<115
MIC = 64

FIG. 2. Results of CART analysis for AUC/MIC and MIC values
associated with survival based on MICs assessed at 24 (A) and 48
(B) h. Within each box, the proportion of patients surviving and the
sample size (N) are shown.

AUC/MIC AUC/MIC
2115 <115
MIC <64 MIC 264

AuCMIC
2115
MIC < 64

Most recently, Rodriquez-Tudela and colleagues evaluated
the correlation of outcomes between fluconazole MIC and the
dose/MIC ratio for patients with mucosal candidiasis (110 ep-
isodes) and candidemia (126 episodes) using the EUCAST
standard (24). The outcome of interest was cure or resolution
of infection. Overall, for those infected with strains for which
the MIC was 4 mg/liter, the response was 66%, whereas the
cure rate was only 12% for those infected with isolates for
which the MICs were =8 mg/liter. Moreover, the cure rate was
increased in patients for whom the dose/MIC ratio was =100
compared to those for whom the ratio was less (93.9% versus
14.6%). CART analysis indicated that a breakpoint of 35.5 best
separated groups into those cured or not (24). This value is
higher than the breakpoint value among our patients and may
be related to different study populations (ours with candidemia
only), the different outcome endpoint, or differences in suscep-
tibility methodologies.

These studies, although small and with few fluconazole-
resistant isolates, described therapeutic failure and increased
mortality in patients infected with fluconazole-resistant iso-
lates compared to those infected with fluconazole-susceptible
isolates. Moreover, consideration of the pharmacokinetics and
pharmacodynamics of fluconazole provided the tools to dem-
onstrate the relevance of the MIC even though the data set
contained very few resistant isolates. The current study pro-
vides critical corroborative data demonstrating a correlation
between AUC/MIC and MIC and all-cause mortality at 6
weeks.

Although these important pharmacodynamic relationships
have recently been well defined, outcomes among patients with
invasive candidiasis and candidemia are often dependent on
many factors, including MICs, severity of illness, underlying
conditions, and timing of antifungal therapy, among other
things (4, 5, 9, 21). Our study aimed to address these other
factors and MICs as potential predictors of mortality. Impor-
tant factors related to increased mortality were identified, in-
cluding older age and APACHE II score. CART analysis in-
dicated that the age of 63 years or greater best separated the
groups who died or did not. Regardless of method of MIC
endpoint determination, infection with a fluconazole-resistant
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isolate was associated with increased mortality. The appropri-
ateness of the susceptibility breakpoint for fluconazole resis-
tance was further supported by the results of the CART anal-
ysis, which identified a threshold of 64 pg/ml to be significantly
associated with survival. After multivariable analysis, the asso-
ciation with a 48-h MIC endpoint remained strong (OR, 5.4)
but failed to be a significant independent predictor. We suspect
that lack of significance was probably related to insufficient
power. In the final model, the timing of fluconazole adminis-
tration was not significantly related to mortality (OR, 1.5; 95%
CI, 0.9 to 2.8; P = 0.13). However, the association with mor-
tality was similar to that seen in the recent study by Garey and
colleagues, where the adjusted OR was 1.5, and this proved to
be a significant predictor of mortality. The lack of indepen-
dence as a predictor of mortality in our cohort may be under-
estimated because of the small sample size.

This study was also able to evaluate the agreement of mul-
tiple endpoint determinations and their impact on mortality.
The new CLSI reference method for antifungal susceptibility
testing of yeasts will provide the opportunity to read MIC
endpoints at 24 h instead of 48 h. In our analysis, overall
agreement of the four endpoint determinations was good, with
differences in only a few resistant isolates at 24 and 48 h.
However, the strongest association of fluconazole resistance to
mortality was found by using the MIC endpoint of 48 h, read
either at 50% or 80% inhibition, compared to growth control.
The small number of organisms for which the MICs and out-
comes were different does not provide convincing evidence to
suggest a clinically meaningful impact; nevertheless, future
studies should continue to examine the clinical relevance of
these endpoint determinations.

Our study has several limitations that should be considered.
Although this represents a large cohort of patients with can-
didemia, only 10 isolates were fluconazole resistant, perhaps
limiting the multivariable analysis. If this data set is considered
in aggregate with other studies of invasive candidiasis examin-
ing the impact of MIC and dose on outcome, there are now
data for more than 425 patients suggesting a similar relation-
ship. There are possible limitations in our ability to accurately
estimate fluconazole pharmacokinetics since factors such as
patient weight were not available and thus may have impacted
our values. The fluconazole AUC estimates were based upon a
point estimate of clearance in patients with normal renal func-
tion. Given that some patients in this evaluation had reduced
renal function (as is commonly the case in critically ill patients)
and that the individual variability in fluconazole clearance
could not be considered, it is likely that we underestimated the
fluconazole exposure in some patients. The lack of ability to
account for these factors may help explain why the pharmaco-
dynamic target identified in this analysis is of a somewhat lower
magnitude than targets previously identified based on preclin-
ical and available clinical pharmacodynamic analyses (1, 3, 7,
12, 16). However, in nearly all clinical scenarios fluconazole
kinetics are not measured, and dosing in adults is rarely, if
ever, based upon weight. The strength of the associations de-
spite this limitation suggests a “real-life” value to the consid-
eration of fluconazole dose and the MIC for Candida in this
disease state.

Although only 12 patients received other antifungals after
initial fluconazole dosing and although these agents were bal-
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anced among patients who lived or died, the exact impact is
unknown. Finally, the mortality endpoint at 6 weeks after the
first positive culture for Candida is different from that of the
study by Pai and colleagues, in which mortality at discharge was
the endpoint. We are unable to determine if our findings would
be similar at other mortality or efficacy endpoints. Despite the
above-described limitations, we were encouraged by the gen-
eral degree of concordance between the pharmacodynamic
targets described herein and previous findings.

In summary, we have demonstrated the association between
patient characteristics, MICs for Candida, fluconazole phar-
macodynamics, and mortality among hospitalized patients with
candidemia. These studies suggest that a clinician-controlled
variable, fluconazole dose, may impact individual patient sur-
vival. Larger, prospective studies in patients with candidemia
are needed to confirm the pharmacodynamic relationships ob-
served herein. Careful attention to important host factors, flu-
conazole dose, and MICs may be helpful in managing and
optimizing outcomes in such patients.
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