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We tested 32 Candida isolates recovered in the early 1990s from the bloodstreams of patients with candi-
demia for in vitro susceptibility to fluconazole and determined if MIC and/or the daily dose of fluconazole/MIC
ratio correlated with the response to therapy. This is a unique data set since 87.5% (28/32) of patients were
treated with fluconazole doses now considered to be inadequate (=200 mg), which contributed to high
therapeutic failure rates (53% [17/32]). The geometric mean MIC and dose/MIC ratio for isolates associated
with therapeutic failure (11.55 pg/ml and 14.3, respectively) differed significantly from values associated with
therapeutic success (0.95 pg/ml and 219.36 [P = 0.0009 and 0.0004, respectively]). The therapeutic success
rates among patients infected with susceptible (MIC = 8 pg/ml), susceptible-dose dependent (S-DD) (MIC =
16 or 32 pg/ml), and resistant (MIC = 64 pg/ml) isolates were 67% (14/21), 20% (1/5), and 0% (0/6),
respectively. A dose/MIC ratio >50 was associated with a success rate of 74% (14/19), compared to 8% (1/13)
for a dose/MIC ratio =50 (P = 0.0003). Our data suggest that both fluconazole MIC and dose/MIC ratio
correlate with the therapeutic response to fluconazole among patients with candidemia. In clinical practice,
dose/MIC ratio might prove easier to interpret than breakpoint MICs, since it quantitates the effects of

increasing fluconazole doses that are alluded to in the S-DD designation.

Candida spp. emerged as common causes of mucosal and
systemic diseases with the onset of the AIDS epidemic and
increasing populations of immunosuppressed individuals (18).
The introduction of fluconazole revolutionized the therapy of
candidal infections in the 1990s by offering a well-tolerated
alternative to amphotericin B, the long-standing and signifi-
cantly toxic antifungal of choice (23). Despite the recent de-
velopment of newer antifungal drugs, fluconazole remains an
attractive front-line agent against candidiasis because of its
excellent oral bioavailability and overall clinical efficacy.

The increasing importance of candidal infections created the
need for reliable methods of testing clinical isolates for sus-
ceptibility to fluconazole and other antifungal agents. After 15
years of collaborative research, the National Committee for
Clinical Laboratory Standards (NCCLS) approved a standard-
ized reference method for testing of yeasts that demonstrated
excellent intra- and interlaboratory reproducibility (17). With
this method, the NCCLS proposed interpretive breakpoint
MICs of fluconazole that correlated with the response to ther-
apy in vivo, largely based upon the experience in treating
human immunodeficiency virus (HIV)-infected patients with
oropharyngeal candidiasis caused by Candida albicans (27).
Since their publication, the NCCLS interpretative breakpoints
have been supported by further data on oropharyngeal candi-
diasis (5-7, 21, 22, 25, 30, 34). A correlation between in vitro
susceptibility and the response to therapy of nonmucosal can-
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didiasis has been demonstrated in some studies (11, 12) but not
others (26).

The NCCLS breakpoints included a novel interpretive cat-
egory called susceptible-dose dependent (S-DD) (fluconazole
MICs of 16 and 32 pg/ml) (27). In devising this category, the
NCCLS recognized that higher dosages of fluconazole might
be necessary to successfully treat infections caused by isolates
that are less susceptible to the drug. Indeed, the S-DD desig-
nation implicitly acknowledges the major limitation of MIC as
a predictor of therapeutic response. Although MIC accurately
expresses the efficacy of an antimicrobial under defined con-
ditions in vitro, it does not consider other factors that contrib-
ute to the outcome in vivo, such as serum or tissue concentra-
tions. For this reason, there has been interest in applying
pharmacodynamic parameters that relate serum concentration
of fluconazole, which depends upon dose, adsorption, distri-
bution, and elimination, to its therapeutic effects (28).

Elegant animal studies have demonstrated that the ratio of
the area under the exposure curve (AUC) to the MIC (AUC/
MIC) best predicts the response to therapy with fluconazole (4,
13). This observation has potential clinical relevance, given the
well-characterized linear pharmacokinetics of fluconazole in
humans (10, 14). The AUC of fluconazole in healthy adults,
expressed as milligrams per hour per liter, is virtually identical
to the daily dose in milligrams, a relationship that holds over a
range of dosages up to 2,000 mg (13, 14). In reassessing the
oropharyngeal candidiasis data originally used to establish the
NCCLS breakpoint MICs, Rex et al. demonstrated that a flu-
conazole dose/48-h MIC ratio of <25 correlated with an in-
creased likelihood of therapeutic failure (28). The ability to
extrapolate these findings to the settings of candidemia or
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TABLE 1. Clinical data for patients with candidemia who responded to therapy with fluconazole

Patient Age CriFically Cancer Trans- Neut_ro- Candida sp. 24-h MIC  48-h MIC  Daily fluconazole  24-h dos‘e/ 48-h dos_e/
(yr) il plant penia® P (pg/ml) (pg/ml) dosage (mg) MIC ratio  MIC ratio
5 33 No None No No C. albicans 0.25 0.5 400 1,600 800
9 73 No Solid No No C. albicans 0.25 0.5 200 800 400
15 55 No AML* No Yes C. tropicalis 0.25 0.5 200 800 400
2 50 No Ovary No No C. albicans 0.25 0.25 200 800 800
10 18 Yes None No No C. albicans 0.25 0.25 200 800 800
1 66 No AML No Yes C. albicans 0.5 0.5 200 400 400
8 67 No Solid No No C. lusitaniae 0.25 0.25 100 400 400
12 25 No None No No C. albicans 0.5 0.5 200 400 400
13 76 Yes None No No C. parapsilosis 1 2 200 200 100
3 65 No Colon No No C. albicans 0.5 0.5 100 200 200
7 47 Yes None No No C. albicans 1 1 200 200 200
4 64 No Multiple myeloma  No No C. tropicalis 4 4 400 100 100
11 30 No AML No Yes C. parapsilosis 4 4 400 100 100
14 25 No Neuroblastoma No No C. glabrata 2 2 200 100 100
6 70 Yes Lymphoma No No C. glabrata 8 32 200 25 6.25

¢ Critically ill, Pitt bacteremia score =4 (18).
b Neutropenia, absolute neutrophil count <1,000 cells/mm?.
¢ AML, acute myelogenous leukemia.

other types of nonmucosal candidiasis is limited by the paucity
of clinical data (11, 12, 26, 27). In particular, data evaluating a
range of drug dosages to outcome for infections due to isolates
with elevated MICs are lacking (28).

In this regard, we have access to a potentially unique set of
32 clinical isolates collected from patients enrolled during the
early 1990s in a prospective, multicenter, observational study
of candidemia (18, 19). These isolates were obtained from 15
patients who responded to fluconazole therapy, 4 patients who
failed fluconazole therapy, and 13 patients who developed
breakthrough candidemia while receiving fluconazole for em-
pirical therapy. The patients were treated with a wide range of
fluconazole dosages, the majority of which would now be con-
sidered inadequate. Furthermore, a large percentage of pa-
tients were critically ill, neutropenic, or otherwise immunosup-
pressed. As such, we hypothesized that these isolates might be
well suited to demonstrate a correlation between the results of
in vitro susceptibility testing and therapeutic outcome. We
used the NCCLS macrobroth reference method to determine
fluconazole MICs for clinical isolates and determined if MIC
and/or dose/MIC ratio correlated with the therapeutic re-
sponse to fluconazole.

MATERIALS AND METHODS

Candida isolates were obtained from the bloodstreams of unique patients
enrolled in a prospective multicenter study of candidemia (18, 19). To be eligible
for enrollment, patients had to have any vascular catheters that were in place at
the time of the first positive blood culture removed. Among enrolled patients
treated with fluconazole for at least 3 days for whom complete clinical and drug
dosing data were available, 32 isolates were retrievable from —80°C stock solu-
tions. Prior to testing, the isolates were subcultured onto Sabouraud dextrose
agar plates, grown at 35°C for 24 to 48 h, and subcultured again for 24 h.

Antifungal susceptibility testing against fluconazole was performed using the
broth macrodilution technique proposed by the NCCLS (M27-A) (17). The
concentrations tested ranged from 0.125 to 64 pg/ml. Four Candida reference
strains (C. albicans ATCC 90028 and ATCC 90029, C. parapsilosis ATCC 90018,
and C. glabrata ATCC 90030) were incorporated into each set of experiments as
quality controls. The MIC was defined as the lowest concentration of fluconazole
causing an 80% decrease in turbidity compared to the growth of a control well.

Definitions. Therapeutic failure was defined as either persistence of Candida
in the bloodstream despite 3 days of therapy with fluconazole or development of
breakthrough candidemia while receiving fluconazole for =3 days as empirical

therapy. In all other cases, the response to therapy was defined as therapeutic
success. Neutropenia was defined as an absolute neutrophil count of <1,000
cells/mm?3. Critical illness was defined as a Pitt bacteremia score of =4 (18).

Statistical analysis. MIC and dose/MIC ratio data were transformed to log,,
to approximate a normal distribution prior to statistical analysis. Statistical anal-
ysis was performed using GraphPad InStat. The statistical difference between the
geometric mean MIC and dose/MIC ratio of isolates recovered from patients
experiencing therapeutic failure and those recovered from patients experiencing
therapeutic success was determined using the Mann-Whitney test. Univariate
analysis of contingency data was performed using Fisher’s exact test.

RESULTS

The demographics and clinical data for the 32 patients with
candidemia are presented in Tables 1 and 2. The patients were
enrolled during the period of January 1991 to May 1994 (18).
The infecting strains are listed by species as well as ranges of
MICs and dose/MIC ratios in Table 3. Underlying diseases and
clinical characteristics of the patients included hematologic
malignancy (59% [19/32]), neutropenia (47% [15/32]), receipt
of corticosteroids (47% [15/32]), critical illness (31% [10/32]),
bone marrow transplant (19% [6/32]), solid organ malignancy
(19% [6/32]), and solid organ transplant (3% [1/32]). In order
of frequency, the daily dosages of fluconazole used to treat
patients were as follows: 200 mg (21 patients), 100 mg (n = 6),
400 mg (n = 4), and 50 mg (n = 1).

Therapeutic failure was observed in 53% (17/32) of patients.
Four patients had persistent candidemia despite at least 3 days
of fluconazole therapy. Thirteen other patients had break-
through candidemia despite usage of fluconazole for empirical
therapy in a high-risk setting. Patients with neutropenia and
those undergoing transplantation were significantly more likely
to fail therapy than respond (80% [12/15] failure rate if neu-
tropenic versus a 29% [5/17] failure rate if nonneutropenic [P
= 0.006]; 100% [7/7] failure rate for transplant recipients ver-
sus a 40% [10/25] failure rate for nontransplant [P = 0.008]).
There were no associations between therapeutic failure and
age, diabetes mellitus, the presence of malignancy, or the se-
verity of illness at the onset of candidemia.

Correlation between fluconazole MIC and therapeutic re-
sponse. The 24-h MIC at which 50% of the isolates tested are
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FIG. 1. Therapeutic response stratified by 24- and 48-hour MICs
(top and bottom panels, respectively).

0.008). Corresponding figures for 48-hour MICs were 67%
(14/21) and 9% (1/11), respectively (P = 0.003). The sensitiv-
ities of the 24-hour and 48-hour MICs in identifying therapeu-
tic failures were 41% (7/17) and 59% (10/17), respectively.
Overall, the 24- and 48-hour MICs “correctly” predicted the
response to therapy in 69% (22/32) and 75% (24/32) of pa-
tients, respectively.

Correlation between dose/MIC ratio and therapeutic re-
sponse. The geometric mean dose/MIC ratio determined using
24-hour and 48-hour MICs was lower for isolates that were
associated with therapeutic failure (28.25 and 14.13, respec-
tively) than the geometric mean dose/MIC ratio for isolates
associated with success (289.4 and 219.36, respectively [P =
0.001 and 0.0004, respectively]).

The distribution of dose/MIC ratio stratified by the thera-
peutic response is presented in Fig. 2. Patients for whom the
ratio of fluconazole dose/MIC was >50 achieved the best re-
sponse to therapy. Specifically, the therapeutic success rate of
patients infected with isolates for which the 24-hour dose/MIC

TABLE 4. Therapeutic response stratified by fluconazole MIC

No. of patients

MIC (pg/ml) 24-h MIC 48-h MIC
Failure Success Failure Success
=8 9 15 7 14
16-32 4 0 4 1
=64 4 0 6 0
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FIG. 2. Therapeutic response stratified by dose/MIC ratio using 24-
and 48-hour MICs (top and bottom panels, respectively).

ratio was >50 was 67% (14/21), compared to 9% (1/11) of
patients infected with isolates for which the dose/MIC ratio
was =50 (P = 0.003). Corresponding figures at 48 h were 74%
(14/19) and 8% (1/13), respectively (P = 0.0003). The sensi-
tivity of dose/MIC ratios =50 by the reference method in
predicting therapeutic failure was 59% (10/17) and 71% (12/
17) at 24 and 48 h, respectively. Overall, the 24- and 48-hour
dose/MIC ratio “correctly” predicted the response to therapy
in 75% (24/32) and 81% (26/32) of patients, respectively.
The 48-h dose/MIC ratios of isolates of different species,
stratified by therapeutic response, are presented in Table 5.

TABLE 5. Forty-eight-hour dose/MIC ratios of isolates of different
Candida species stratified by therapeutic response to
fluconazole therapy

Dose/MIC ratio (no. of isolates)

Candida sp.
Success Failure

C. albicans 800 (3); 400 (3); 200 (3) 400 (1); 100 (1); 50 (1);
1.56 (1

C. glabrata 100 (1); 6.25 (1) 25 (1); 12.5 (2); 0.78 (1)

C. parapsilosis 100 (2) 200 (2); 3.12 (1)

C. krusei None 6.25 (1); 3.12 (1); 1.56 (1);
0.78 (1)

C. tropicalis 400 (1); 100 (1) 100 (1)

C. lusitaniae 400 (1) 6.25 (1)
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DISCUSSION

In this study, we make use of a unique collection of Candida
isolates recovered in the early 1990s from the bloodstreams of
patients with candidemia. For our purposes, the most signifi-
cant aspects of our data set are the relatively high number of
isolates with elevated fluconazole MICs and the administration
of relatively low doses of fluconazole to a significant number of
patients. These factors, coupled with the fact that most patients
were immunosuppressed and/or critically ill, contributed to an
unusually high failure rate of fluconazole therapy. In these
regards, this study differs from other studies of candidemia (23,
26). Indeed, with the wide range of fluconazole doses and
MICs, our data more closely resemble data from previous
studies of HIV-infected patients with oropharyngeal candidia-
sis. Notably, the oropharyngeal candidiasis data have provided
the most compelling evidence for the clinical relevance of
fluconazole MICs. Using a similar data set, we demonstrate
that fluconazole MIC and dose/MIC ratio both correlate with
the response to therapy among patients with candidemia.

The geometric mean MIC and geometric mean dose/MIC
ratio against the isolates associated with the therapeutic failure
of fluconazole differed significantly from those of isolates as-
sociated with therapeutic success (48-hour MIC, 11.55 wg/ml
and 0.95 pg/ml, respectively [P = 0.0009]; dose/MIC ratio,
14.13 and 219.36, respectively [P = 0.0004]). Moreover, we
demonstrated that breakpoint MICs and dose/MIC ratio dis-
tinguished isolates based on the likelihood of response to ther-
apy (Fig. 1 and 2). Using the NCCLS interpretive criteria for
48-hour MICs, 67% (14/21) of patients infected with suscepti-
ble (MIC = 8 pg/ml) isolates were successfully treated. Con-
versely, therapeutic success was noted in none of the six pa-
tients infected with resistant (MIC = 64 ng/ml) isolates. A
dose/48-hour MIC ratio of >50 was associated with a thera-
peutic success rate of 74% (14/19), compared to a rate of only
8% (1/13) for patients infected with isolates for which the
dose/MIC ratio was =50.

Previous studies attempting to correlate in vitro fluconazole
susceptibility and breakpoint MICs to the efficacy of treatment
of candidemia and other types of nonmucosal candidiasis have
yielded conflicting results. In a study by Lee et al. of patients
treated with 400 mg of fluconazole for candidemia (21 pa-
tients) or deep-seated candidal infections (11 patients), clinical
cure rates among candidemic patients (defined as resolution of
signs and symptoms of disease and sterilization of blood cul-
tures within at least 1 week of therapy and no evidence of
relapse within 3 months after the completion of therapy) were
79% (11/14) for susceptible, 60% (3/5) for S-DD, and 0% (0/2)
for resistant isolates (12). Using the interpretive criteria and
assuming 400 mg to be an adequate dosage for S-DD isolates,
patients predicted to respond to fluconazole had a cure rate of
74% (14/19), compared to 0% (0/2) for those predicted to fail.
Although the data supported the validity of the breakpoint
MICs, only 29% (2/7) of the patients who ultimately failed
therapy were identified as likely to fail by in vitro testing.
Another study evaluated 161 candidemic patients who were
treated with fluconazole, of whom 1.3% (n = 21) were infected
with resistant isolates (11). Attributable mortality was signifi-
cantly higher for these patients (19% versus 8.6%; P < 0.01).
Other endpoints, such as clinical or microbiologic response to

FLUCONAZOLE MIC AND OUTCOME OF CANDIDEMIA 3175

therapy, however, were not assessed, and the utility of the
S-DD breakpoints was not addressed.

Contradictory findings were noted in a large multicenter
study of candidemia comparing treatment with fluconazole and
amphotericin B among nonneutropenic hosts (23) which failed
to demonstrate a relationship between in vitro susceptibility
and outcome (26). There are several possible explanations for
the disparate results in that study and ours. First, the daily
dosage of fluconazole in the earlier study was 400 mg, whereas
88% (28/32) of our patients received =200 mg (including 22%
[7/32] who received =100 mg). Second, fluconazole MICs of
=32 pg/ml were present in only 4% (4/104) of the isolates in
the earlier study, which greatly limited the ability to show a
correlation between elevated MICs and therapeutic failure. By
comparison, MICs in this range were observed for 28% (9/32)
of our isolates. Overall, 34% (11/32) of our isolates were clas-
sified as S-DD or resistant. Third, the patients in our study
were significantly more likely to be critically ill, neutropenic, or
otherwise immunosuppressed, settings in which drug suscepti-
bility might be a more important determinant of response to
therapy. Finally, the patients in the comparative trial did not
necessarily have intravenous catheters discontinued as part of
therapy (23, 26). Since this was necessary for enrollment in our
study, none of the therapeutic failures can be ascribed to a
retained catheter. For this reason, diminished susceptibility to
fluconazole might have been more important in the failure of
the drug in vivo.

Our finding that the fluconazole dose/MIC ratio correlated
with the response to therapy among patients with candidemia
is consistent with previous studies of human oropharyngeal
candidiasis and animal models of disseminated candidiasis (4,
13, 28). Rex et al. demonstrated that a dose/48-h MIC ratio of
<25 was associated with an increased likelihood of therapeutic
failure among HIV-infected patients with oropharyngeal can-
didiasis, the overwhelming majority of whom had disease at-
tributable to C. albicans (28). During murine disseminated
candidiasis, Louie et al. found that killing of C. albicans fol-
lowed a very steep dose response curve at an AUC/MIC ratio
between 42.5 and 55 (13); higher ratios did not increase killing
further. Using C. albicans strains with MICs of 0.5, 16, and 32
pg/ml to establish murine disseminated candidiasis, Andes and
Van Ogtrop demonstrated that AUC/MIC ratios of 12 to 24
achieved a 50% maximal microbiologic effect (4). In their pa-
per, the authors used previously published fluconazole 50%
effective dose data (i.e., dosages required to achieve 50% max-
imal microbiologic effect) from murine and rat studies of dis-
seminated candidiasis to calculate corresponding AUC/MIC
ratios of 44, 14, and 18 (4, 13, 31, 33). In addition to human
oropharyngeal candidiasis and animal disseminated candidiasis
data, reassessment of the human candidemia data from the
study of Lee et al. reveals a cure rate of 79% (11/14) among
patients infected with isolates with a dose/MIC ratio =50,
compared to a failure rate of 57% (4/7) for patients with
disease due to isolates with a dose/MIC ratio of <50 (12).

Although we showed that a dose/MIC ratio of =50 was
associated with increased likelihood of fluconazole failure, our
data set is too small to conclusively assign a breakpoint inter-
pretive value. The fact that the breakpoint suggested by our
data was higher than that identified by Rex et al. in their study
of oropharyngeal candidiasis might reflect the limited number
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of our isolates with dose/MIC ratios in the range of 12.5 to 50
(28). At the same time, we cannot make any definitive conclu-
sions about whether breakpoint values for each of the non-C.
albicans spp. might differ from those for C. albicans. Certainly,
major differences were not suggested in our testing of limited
numbers of a wide range of species commonly implicated in
nonmucosal infections. The issue of breakpoint values, partic-
ularly in the setting of non-C. albicans infections, will need to
be addressed using more extensive data sets.

In addition, we must acknowledge that the low doses of
fluconazole used in this study somewhat limited our ability to
interpret the S-DD breakpoints. Indeed, 80% (4/5) of patients
infected with S-DD isolates were treated with =200 mg of
fluconazole, which might largely account for the therapeutic
success rate of only 20% (1/5). We might fairly conclude from
our data that while many patients infected with susceptible
isolates who receive low doses of fluconazole will respond to
therapy, similar doses are clearly insufficient in the treatment
of those infected with S-DD isolates. We cannot, however,
definitively conclude what daily dose might be most appropri-
ate in this setting. Our dose/MIC ratio findings would seem to
suggest that therapeutic failures might be less likely if dosages
of =800 mg/day were employed.

Interestingly, several recent reports have recommended
high-dose fluconazole regimens (i.e., =12 mg/kg per day or 800
mg/day in a 70-kg patient) in the treatment of candidemia
caused by S-DD isolates (29, 32). In a study of 20 candidemic
patients with solid tumors treated with 600 to 800 mg of flu-
conazole, 3 were infected with isolates for which the MICs
were 32 (one patient) or 64 pg/ml (n = 2) (32). The only
patient in the study who failed therapy with fluconazole re-
ceived 600 mg and was infected with an isolate with an MIC of
64 pg/ml (dose/MIC ratio of 9.4). The other two patients
infected with S-DD or resistant isolates responded (dose/MIC
ratios of 12.5 and 25), as did the remainder of patients infected
with susceptible isolates (dose/MIC ratio =300). In another
study, three candidemic patients infected with S-DD isolates
(MICs = 16 ng/ml) were treated with 200 to 400 mg of flu-
conazole and failed to respond (dose/MIC ratios =25) (16).
Since fluconazole is well tolerated at doses up to 2,000 mg/day
and since the majority of candidemia is caused by susceptible
or S-DD isolates (8, 9, 15, 16, 20, 24), our finding of a corre-
lation between dose/MIC ratio and outcome would support the
use of higher doses (at least until in vitro susceptibility data are
available).

Finally, our study offers further evidence of how pharmaco-
dynamic considerations might enhance the ability of clinicians
to optimize their use of fluconazole in treating candidal infec-
tions (28). Dose/MIC ratios may prove to be easier to interpret
and apply in the clinical setting than MIC alone, since it quan-
titates the effects of increasing fluconazole dosages that are
alluded to in the S-DD breakpoint designation. As new triazole
compounds and other classes of antifungal agents become avail-
able (1-3), pharmacodynamic applications have the potential
to improve our understanding of how best to employ these
drugs against Candida spp. and other fungal pathogens.
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