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Prior use of fluconazole is a modifiable risk factor for the isolation of fluconazole-nonsusceptible Candida species. Optimization
of the use of fluconazole by appropriate dose or duration may be able to minimize the risk of resistance. The objective of this
study was to evaluate the effects of prior fluconazole therapy, including the dose and duration, on fluconazole susceptibility
among Candida species isolated from hospitalized patients with candidemia. A retrospective cohort study of hospitalized pa-
tients with a first occurrence of nosocomial candidemia, from 2006 to 2009, was carried out. The relationships between the initial
dose and duration of prior fluconazole therapy and the isolation of fluconazole-nonsusceptible Candida species were assessed.
An initial fluconazole dose greater than 2 mg/kg and less than 6 mg/kg of body weight was considered suboptimal. A total of 177
patients were identified, of whom 133 patients aged 61 � 16 years (56% male, 51% Caucasian, 51% with an APACHE II score
of >15) had candidemia more than 2 days after the hospital admission day. Nine of 107 (8%) patients with fluconazole-suscepti-
ble Candida species and 9 of 26 (35%) patients with fluconazole-nonsusceptible Candida species had prior fluconazole exposure
(risk ratio [RR], 3.03; 95% confidence interval [95% CI], 1.57 to 5.86; P, 0.0022). Preexposure with an initial dose of fluconazole
greater than 2 mg/kg and less than 6 mg/kg occurred in 3 of 9 (33%) and 8 of 9 (89%) patients with fluconazole-susceptible and
fluconazole-nonsusceptible Candida species, respectively (P, 0.0498). We conclude that patients with candidemia due to flucona-
zole-nonsusceptible Candida species were more likely to have received prior fluconazole therapy. Suboptimal initial dosing of
prior fluconazole therapy was associated with candidemia with fluconazole-nonsusceptible Candida species.

Anti-infective drug exposure is an important factor in the de-
velopment and emergence of drug-nonsusceptible isolates

(20). In patients with Candida bloodstream infections, prior an-
tifungal therapy is an independent risk factor for fluconazole-
nonsusceptible Candida isolates, including Candida krusei, C.
glabrata, C. albicans, C. tropicalis, and C. parapsilosis (13, 23). Spe-
cifically, prior fluconazole therapy has been associated with can-
didemia due to fluconazole-nonsusceptible Candida isolates (7,
11, 21). The Infectious Diseases Society of America (IDSA) guide-
lines recommend an echinocandin antifungal over fluconazole for
patients with a history of prior azole therapy due to a higher like-
lihood of isolation of fluconazole-nonsusceptible Candida species
(15). Many patients do not receive the IDSA-recommended dose
of fluconazole, 6 to 12 mg/kg of body weight/day (6). This subop-
timal fluconazole exposure in relation to the MIC has been shown
to be a risk factor for mortality (14). For bacterial species, an
inverted-U relationship has been described in which a resistant
subpopulation increases initially and then declines with increas-
ing exposure above the MIC of the organism (22). In vitro studies
have demonstrated that a suboptimal fluconazole dosing regimen
leads to an increased rate of resistance in Candida species in a
pattern resembling this inverted-U relationship (1). Using an in
vitro model, Andes et al. demonstrated that resistance develop-
ment in a previously susceptible Candida albicans population was
highly dependent on the exposure of the population to sub-MIC
concentrations of fluconazole (1). However, clinical data support-
ing fluconazole optimization and the development of resistance
are scarce. Although previous use of fluconazole has been recog-
nized as a modifiable risk factor, optimization of the use of flu-
conazole by adjusting either the dose or the duration may be able
to minimize the risk of resistance.

The objective of this study was to evaluate an impact of prior
fluconazole therapy on fluconazole susceptibility among Candida
species responsible for the first occurrence of candidemia among
hospitalized patients, with a specific focus on the dose and dura-
tion of prior fluconazole therapy. The three specific aims of the
study were to assess hospitalized patients with candidemia for the
susceptibility patterns of Candida species; to determine to what
extent preexposure to antifungal therapy may be a risk factor for
candidemia with fluconazole-nonsusceptible Candida species;
and to evaluate prior fluconazole dosing and duration for hospi-
talized patients with candidemia.

(This work was presented in part at the 21st ECCMID/27th
ICC meeting in Milan, Italy, 2011.)

MATERIALS AND METHODS
Patient population, study period, and location. This was a retrospective
study of hospitalized patients with bloodstream infections due to Candida
species (candidemia) at a large university-affiliated hospital in Houston,
TX. The methodology for this study was adapted from a previously pub-
lished study assessing the use of antifungal susceptibility testing for hos-
pitalized patients (19). For this study, all patients with candidemia be-
tween 2006 and 2009 were evaluated for inclusion and exclusion criteria.
Hospitalized patients �18 years of age with their first documented case of
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nosocomial candidemia treated with either fluconazole or an echinocan-
din were included. Nosocomial candidemia was defined as collection of
the Candida species from the blood more than 48 h after hospital admis-
sion. Patients with no antifungal susceptibility report and/or incomplete
data were excluded. This study was approved by the Institutional Review
Board at St. Luke’s Episcopal Hospital (SLEH) and the University of
Houston.

Data collection. Data collected from an online medical chart included
demographics; medical history; microbiological data, such as pertinent
dates related to blood culture (day of sample collection, day on which the
culture was found positive, and day of the final susceptibility report),
Candida species, and MICs; utilization of central venous catheters, total
parenteral nutrition, hemodialysis, and broad-spectrum antibiotics dur-
ing the preexposure time; and antifungal utilization, such as the type of
antifungal agent, and start and stop dates. Both the online medical chart
and the scanned paper chart were used to obtain various parameters
needed to calculate APACHE II scores.

Antifungal susceptibility testing and study definitions. As part of
normal clinical practice, the clinical microbiology laboratory utilized Vi-
tek 2 for the identification of Candida species and the broth microdilution
method (Sensititre) for antifungal susceptibility testing for all Candida
bloodstream isolates. Susceptibility testing was not repeated on subse-
quent identical Candida species isolated in the next 7 days. The MICs were
determined at 24 h according to CLSI Antifungal Testing Subcommittee
recommendations. CLSI recommendations were used during the study
period to define fluconazole-susceptible (fluconazole MIC, �8 �g/ml) or
nonsusceptible (fluconazole MIC, �8 �g/ml) Candida species (16).

The fluconazole preexposure time was defined as the time from the
initiation of fluconazole during the current hospitalization to the day
on which the blood sample positive for a Candida species was col-
lected. Prior antifungal therapy was defined as the receipt of one or
more doses of fluconazole or an echinocandin during the hospitaliza-
tion but prior to the blood sample collection day. Both the initial dose
(in milligrams per kilogram), defined as the first dose received, and the
total dose (in milligrams per kilogram), defined as the cumulative dose
of prior fluconazole received, were assessed for patients with prior
fluconazole therapy. The total duration (in days) of prior fluconazole
therapy was also evaluated.

To assess for an inverted-U relationship between prior fluconazole
exposure and the isolation of nonsusceptible Candida isolates, flucona-
zole dosing was divided into low-dose, medium-dose, and high-dose
groups. Low-dose fluconazole was defined as a dose of �2 mg/kg/day
(corresponding to a dose lower than any currently recommended for any
indication). Medium-dose fluconazole was defined as a dose of �2 mg/
kg/day and �6 mg/kg/day (corresponding to a dose higher than that
recommended for urinary tract infections and less than that recom-
mended for systemic Candida infections). High-dose fluconazole was de-
fined as a fluconazole dose of �6 mg/kg/day (corresponding to the rec-
ommended dose for systemic Candida infections). Medium-dose
fluconazole was considered suboptimal dosing, relevant to resistance de-
velopment, in this study.

Stratification and statistical analysis. Data were recorded on paper
data collection report forms, input into a spreadsheet format (Microsoft
Excel 2007), and stored using a relational database (Microsoft Access
2007). Stata/IC 11 and SAS, version 9.2, were used for statistical analysis.
In order to evaluate risk factors, patients were stratified on the basis of
candidemia with fluconazole-susceptible or fluconazole-nonsusceptible
Candida species. The chi-square test was used for categorical data, and the
Student t test was used for continuous variables. Nonparametric statistics
were used where appropriate. The risk ratio (RR), 95% confidence inter-
val (95% CI), and P values were determined. Results from the univariate
analysis were further evaluated using multivariate logistic regression anal-
ysis, including any confounders identified. A P value of �0.05 was con-
sidered significant.

RESULTS
Study population. A total of 177 hospitalized patients with the
first documented occurrence of candidemia were identified from
2006 to 2009; of these, 44 patients were excluded due to onset of
candidemia within 2 days of hospital admission. Of 133 patients
with nosocomial candidemia, 107 (80%) had fluconazole-suscep-
tible and 26 (20%) had fluconazole-nonsusceptible Candida
species. Baseline characteristics and risk factors assessed for can-
didemia patients with fluconazole-susceptible versus fluconazole-
nonsusceptible Candida species are listed in Table 1.

TABLE 1 Baseline characteristics, hospitalization variables, and
association with isolation of fluconazole-susceptible versus fluconazole-
nonsusceptible isolates from 133 patients with candidemia

Baseline characteristic

Valuea for patients with:

P

Fluconazole-
susceptible
isolates
(n � 107)

Fluconazole-
nonsusceptible
isolates
(n � 26)

Age, �65 yr 46 (43) 9 (35) 0.437

Gender 0.0558
Female 51 (48) 7 (27)
Male 56 (52) 19 (73)

Race 0.6932
Caucasian 53 (50) 14 (54)
African-American 33 (31) 7 (27)
Hispanic 14 (13) 4 (15)
Other 7 (6) 1 (4)

Medical history
Diabetes 39 (36) 7 (27) 0.3597
Hypertension 52 (49) 13 (50) 0.9659
Hyperlipidemia 20 (19) 5 (19) 1.000
Chronic kidney disease 24 (22) 7 (27) 0.6269
Cancer 20 (19) 5 (19) 1.000
Transplant 5 (5) 2 (8) 0.6223
Congestive heart failure 25 (23) 10 (38) 0.1169
Myocardial infarction 25 (23) 6 (23) 0.9752
Liver disorder 17 (16) 3 (12) 0.7634
Gastrointestinal disorder 25 (23) 5 (19) 0.6510

Central venous catheter 93 (87) 25 (96) 0.1817
Total parenteral nutrition 47 (44) 16 (62) 0.1067
Hemodialysis 31 (29) 11 (42) 0.1895
Broad-spectrum antibiotics 107 (100) 26 (100) 1.000

Location 0.9497
Intensive-care unit 61 (57) 15 (58)
Ward 46 (43) 11 (42)

Mean length of stay
(days) � SD prior to
candidemia

42 � 34 64 � 47 0.0072

APACHE II score 0.3590
�15 51 (48) 15 (58)
�15 56 (52) 11 (42)

Prior antifungal therapy
Fluconazole 9 (8) 9 (35) 0.0022
Echinocandins 10 (9) 4 (15) 0.4735

a Given as the number (percentage) of patients except where otherwise indicated.
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Susceptibility patterns of Candida species. C. albicans was
isolated from 65 of 133 patients (49%); 98% of these isolates were
susceptible to fluconazole (Table 2). The 26 fluconazole-nonsus-
ceptible Candida isolates included C. glabrata (n � 17 [65%]), C.
krusei (n � 5 [19%]), C. parapsilosis (n � 2 [8%]), C. tropicalis
(n � 1 [4%]), and C. albicans (n � 1 [4%]) isolates.

Preexposure to antifungal therapy as a risk factor for the iso-
lation of fluconazole-nonsusceptible isolates. Eighteen of 133
patients (14%) were preexposed to fluconazole prior to the first
episode of candidemia. Nine patients (8%) in the fluconazole-
susceptible group and 9 patients (35%) in the fluconazole-non-
susceptible group received prior fluconazole therapy. Preexposure
to fluconazole was associated with the isolation of fluconazole-
nonsusceptible Candida species (RR, 3.03; 95% CI, 1.57 to 5.86; P,
0.0022). Other variables associated with the isolation of flucona-
zole-nonsusceptible Candida species included the length of stay
(in days) prior to the day of collection (P, 0.0072) and male gender
(RR, 2.1; 95% CI, 0.94 to 4.65; P, 0.0558). These three variables
were included in the multivariate logistic regression analysis. After
controlling for these other variables, prior fluconazole therapy
was independently associated with fluconazole-nonsusceptible
Candida species (odds ratio [OR], 4.92; 95% CI, 1.62 to 14.92; P,
0.005).

Initial dosing regimens of prior fluconazole therapy as a risk
factor for the isolation of fluconazole-nonsusceptible isolates.
Of the 9 patients with fluconazole preexposure and with flucona-
zole-susceptible isolates, 2 patients (22%) received initial low-
dose fluconazole, 3 patients (33%) received initial medium-dose
fluconazole, and 4 patients (44%) received initial high-dose flu-
conazole (Fig. 1). Of the 9 patients with fluconazole preexposure
and with fluconazole-nonsusceptible isolates, 1 patient (11%) re-
ceived initial low-dose fluconazole and 8 patients (89%) received
initial medium-dose fluconazole; none of these patients received
initial high-dose fluconazole (Fig. 1). Seventeen of 115 patients
(15%) who were not preexposed to fluconazole had a subsequent
fluconazole-nonsusceptible isolate, compared to 1 of 3 patients
(33%) preexposed to initial low-dose fluconazole, 8 of 11 patients
(73%) preexposed to medium-dose fluconazole, and 0 of 4 pa-
tients preexposed to high-dose fluconazole (P, �0.001). In an
analysis of only those patients who received prior fluconazole
therapy, initial suboptimal dosing was associated with the isola-
tion of fluconazole-nonsusceptible isolates (RR, 5.09; P, 0.0498).
After controlling for gender and time of hospitalization prior to

candidemia, initial suboptimal fluconazole dosing was associated
with an increased risk of isolation of fluconazole-nonsusceptible
isolates (OR, 22.0; 95% CI, 1.4 to 351.5; P, 0.029). By using a
forward, stepwise logistic regression model and entering prior flu-
conazole and prior optimized fluconazole as potential variables,
prior initial suboptimal fluconazole exposure was identified as a
significant predictor of the isolation of a fluconazole-nonsuscep-
tible isolate.

Duration of prior fluconazole therapy as a risk factor for the
isolation of fluconazole-nonsusceptible isolates. Patients with
fluconazole-nonsusceptible candidemia averaged 2.4 � 3.9 days
of fluconazole preexposure, compared to 0.6 � 2.1 days of flu-
conazole preexposure for patients with fluconazole-susceptible
candidemia (P � 0.001). However, among patients who had re-
ceived prior fluconazole therapy, the average numbers of days of
fluconazole preexposure were similar for those with fluconazole-
nonsusceptible (6.8 � 3.6 days) and fluconazole-susceptible
(6.9 � 3.6 days) isolates. By using a forward, stepwise logistic
regression model and entering prior optimized fluconazole and
days of prior fluconazole preexposure as potential variables, prior
suboptimized fluconazole was identified as a significant predictor
of the isolation of a fluconazole-nonsusceptible isolate.

DISCUSSION

The 2009 IDSA candidemia guidelines recommend evaluating re-
cent exposure to azoles when selecting either fluconazole or an
echinocandin for the empirical management of candidemia in
nonneutropenic patients (15). An echinocandin is recommended
as initial empirical therapy for patients with recent exposure to
azoles, due to potential concerns about the isolation of flucona-
zole-nonsusceptible Candida species. Earlier studies that assessed
the relationship between fluconazole and nonsusceptible Candida
species focused on risk variables associated with specific Candida
species (4, 10, 17, 18). More-recent studies evaluated risk factors
for fluconazole-nonsusceptible Candida isolates (7, 11, 21). Expo-
sure to any antifungal was identified as an independent variable
associated with reduced fluconazole susceptibility among various
Candida species, including C. albicans, C. tropicalis, and C. parap-
silosis (13). Prior exposure to fluconazole was identified as an in-
dependent risk factor for C. glabrata candidemia (23), including

FIG 1 Initial doses (in milligrams per kilogram) during prior fluconazole
therapy for patients with subsequent fluconazole-susceptible versus flucona-
zole-nonsusceptible candidemia.

TABLE 2 Susceptibility patterns of Candida speciesa

Candida species
(no. of isolates)b

Fluconazole-susceptible
isolates

Fluconazole-
nonsusceptible isolates

No.
(%)

MIC (�g/ml)
No.
(%)

MIC (�g/ml)

Range 50% Range 50%

C. albicans (65) 64 (98) 0.12–1 0.5 1 (2) 256 256
C. glabrata (26) 9 (35) 0.12–8 8 17 (65) 16–256 16
C. parapsilosis (19) 17 (89) 0.5–4 1 2 (11) 32 32
C. tropicalis (16) 15 (94) 0.06–4 2 1 (6) 64 64
C. krusei (5) 0 (0) NAc NA 5 (100) 32–128 64
Other species (2) 2 (100) 0.25–1 NA 0 (0) NA NA
a Susceptibility breakpoints were determined by using the CLSI guidelines
recommended at the time of the study (16).
b A total of 133 Candida species were tested.
c NA, not applicable.
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fluconazole-resistant C. glabrata candidemia (9), and candidemia
due to fluconazole-nonsusceptible Candida isolates (11). Prior
fluconazole received at any dose was an independent risk factor
for fluconazole-nonsusceptible Candida isolates, including C.
glabrata, C. krusei, and C. tropicalis (7). In our study, the associa-
tion between prior antifungal therapy, including the initial dose
and duration of prior fluconazole therapy, and the isolation of
fluconazole-nonsusceptible Candida species responsible for the
first occurrence of candidemia was assessed. In this study, 20% of
133 patients had candidemia with fluconazole-nonsusceptible
Candida isolates. C. albicans, C. tropicalis, and C. parapsilosis ac-
counted for 16% of fluconazole-nonsusceptible Candida isolates
among patients with the first occurrence of candidemia, as has
been reported previously (12, 13). Prior fluconazole therapy was
independently associated with fluconazole-nonsusceptible Can-
dida species. Prior therapy with an echinocandin was also assessed
to determine its potential association with fluconazole-nonsus-
ceptible Candida species. However, there was no statistically
significant difference in prior echinocandin therapy between can-
didemia patients with fluconazole-susceptible versus fluconazole-
nonsusceptible Candida species.

Among 18 candidemia patients who received prior fluconazole
therapy, 14 patients (78%) received less than 6 mg/kg/day of flu-
conazole, and the majority received a dose greater than 2 mg/kg
and less than 6 mg/kg. An inverted-U-shaped curve was applied in
our study to determine whether there was an association between
fluconazole dosing and the likelihood of resistance, based on the
ability of this curve to display a relationship between dose inten-
sity and the suppression of subpopulations of resistant isolates, as
previously demonstrated in models assessing various Gram-neg-
ative pathogens (22). Compared to patients with fluconazole-sus-
ceptible candidemia, more candidemia patients with fluconazole-
nonsusceptible Candida isolates had received a suboptimal dose of
fluconazole. These findings provide clinical evidence supporting
previous in vitro research by Andes et al. (1, 2) In those studies,
suboptimal fluconazole dosing regimens leading to extended sub-
MIC concentrations were associated with the development of re-
sistance. More-frequent dosing (i.e., split dosing of a total daily
dose) and a higher fluconazole AUC (area under the concentra-
tion-time curve)/MIC ratio deterred the development of isogenic
resistant subpopulations. In our retrospective study, all patients
received once-daily fluconazole dosing, and thus, the impact of
dosing frequency on the emergence of fluconazole resistance
could not be assessed. Suboptimal dosing for candidemia (�6
mg/kg) has been reported for 55% of patients given fluconazole
for the treatment of candidemia (6). Various studies have demon-
strated the importance of optimizing fluconazole dosing to
achieve favorable outcomes, including reduced mortality (3, 5, 8,
14). This study extends those findings by demonstrating that ap-
propriate fluconazole dosing may also be associated with a re-
duced likelihood of subsequent nonsusceptible Candida isolates
in the same patient. One pertinent clinical implication of our
study is that appropriate fluconazole dosing may also be vital to
minimizing the development of fluconazole-resistant Candida
species. Further in vivo and clinical research is warranted to estab-
lish a firm relationship between suboptimal weight-based flu-
conazole dosing and the likelihood of promoting the development
of fluconazole-resistant Candida species.

This study has several strengths, including a large patient pop-
ulation with the first occurrence of candidemia initially treated

with fluconazole or an echinocandin, as recommended by the
IDSA guidelines. In order to consistently account for prior anti-
fungal therapy, only patients whose candidemia occurred more
than 2 days after hospital admission were included. The retrospec-
tive design of the study limited our ability to obtain variables such
as the indication for prior antifungal therapy. However, data re-
garding pertinent baseline characteristics and known risk factors
for candidemia were obtained and analyzed. Despite the fairly
large sample size, the number of patients who received prior flu-
conazole therapy and subsequently had a nonsusceptible isolate
was quite small. For this reason, the study was underpowered to
identify certain variables, such as the duration of prior fluconazole
therapy, as a potential risk factor. Also, the initial Candida species
that were exposed to fluconazole were not available for study.
Thus, it was not possible to correlate fluconazole exposure with
the MICs for the initial isolates. Despite these limitations, this
study provides evidence that optimal dosing of fluconazole may
prevent the emergence of fluconazole-resistant Candida species.
These data build on previous findings that a fluconazole dose
greater than or equal to 6 mg/kg should be given to any patient
with a suspected or proven systemic Candida infection.

Conclusion. Fluconazole-nonsusceptible C. albicans, C. tropi-
calis, C. parapsilosis, C. krusei, and C. glabrata isolates from pa-
tients with candidemia were identified. Patients with fluconazole-
nonsusceptible Candida species were more likely to have received
prior fluconazole therapy. Prior fluconazole therapy was indepen-
dently associated with the isolation of fluconazole-nonsusceptible
Candida species. Suboptimal initial fluconazole dosing during
prior antifungal therapy for candidemia was associated with the
subsequent isolation of fluconazole-nonsusceptible Candida spe-
cies from the bloodstream of the same patient.
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