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BACKGROUND. Fluconazole is used widely for fungal prophylaxis. Although studies

with bone marrow transplantation (BMT) recipients clearly showed the usefulness

of oral fluconazole, results of the studies in neutropenic patients other than BMT

recipients have been inconsistent. Therefore, the authors performed a meta–

analysis to evaluate the efficacy of fluconazole prophylaxis during chemotherapy-

induced neutropenia.

METHODS. The authors identified reports that were not restricted to those in

English and not restricted to published trials through MEDLINE, CANCERLIT, or

the data base of the Pfizer company. The authors included prospective, random-

ized studies comparing oral fluconazole with placebo, no treatment, or oral poly-

enes as prophylaxis for fungal infections in neutropenic patients. Two independent

authors extracted data from 16 trials with 3734 patients enrolled. The outcome

measures were the development of fungal-related death, systemic and superficial

fungal infections, the use of empiric intravenous amphotericin-B, and infections or

colonization with fluconazole-resistant fungi. The summarized odds ratios (ORs)

were calculated using the Mantel–Haenszel method and the DerSimonian–Laird

method.

RESULTS. Prophylactic fluconazole was not effective in reducing fungal-related

death or in reducing proven, systemic fungal infections in non-BMT patients (OR,

0.91; 95% confidence interval [CI], 0.30 –2.82 and OR, 0.85; 95% CI, 0.47–1.55,

respectively). However, fluconazole was very effective in reducing superficial fun-

gal infections (OR, 0.44; 95% CI, 0.24 – 0.80), even when it was given in lower doses

(50 –200 mg per day). There was no increase in proven, systemic infection of

fluconazole-resistant fungi, although colonization of those fungi increased. When

the results were combined in studies in which the incidence of systemic fungal

infections was . 15%, fluconazole was effective in reducing such infections (OR,

0.23; 95% CI, 0.15– 0.36).

CONCLUSIONS. The current analyses failed to find an effect of fluconazole on both

fatal fungal infection and systemic fungal infection in non-BMT patients. Further

studies on severely neutropenic patients are warranted because prophylactic flu-

conazole seemed to be effective when the incidence of systemic fungal infection

was expected to be . 15%. Cancer 2000;89:1611–25.

© 2000 American Cancer Society.
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Fungal infections are frequent complications in patients with he-
matologic malignancies, especially in patients with prolonged

neutropenia.1,2 Because fungal infections are associated with a high
mortality rate, early treatment is required. However, the definite
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diagnosis of systemic fungal infection is difficult, be-
cause blood cultures often are negative, and tissues for
histologic analyses are difficult to obtain.3 Thus, strat-
egies to prevent fungal infections have been investi-
gated.4 The most common fungal infections in neu-
tropenic patients are candidiasis and aspergillosis.5,6

The route of invasion is believed to be the gastroin-
testinal tract in candidiasis and the upper airway in
aspergillosis.7,8 Therefore, the elimination of gastroin-
testinal colonization is targeted to prevent candidiasis,
whereas the reduction of inhaled pathogens is re-
quired to prevent aspergillosis.4 However, upper air-
way decontamination using inhaled amphotericin-B
has failed to show efficacy, and the use of a high-
efficacy particulate air (HEPA) filter remains the only
proven prophylactic method to reduce aspergillo-
sis.9 –11 To decrease colonization of fungi in the gas-
trointestinal tract, oral antifungal agents have been
tried to prevent systemic fungal infection.4

Fluconazole is a triazole antifungal agent that is
active against the major fungal pathogens in neutro-
penic patients and is less toxic than intravenous am-
photericin-B.12–14 The major shortcoming of this agent
is insufficient activity against the Aspergillus species
and some of the Candida species, such as Candida
krusei or Torulopsis glabrata.4 There have been many
prospective, randomized studies evaluating the effi-
cacy of oral fluconazole as prophylaxis against fungal
infection in neutropenic patients.15–36 Studies of re-
cipients of bone marrow transplantation (BMT) clearly
showed the usefulness of oral fluconazole.15,20 How-
ever, results of the studies in neutropenic patients
other than BMT recipients have been inconsistent.
Although there has been a meta–analysis evaluating
the usefulness of prophylactic or empiric antifungal
treatment, it included only four trials of prophylactic
oral fluconazole.37 The objective of the current meta–
analysis was to investigate the influence of oral flu-
conazole on the development of fungal-related death,
systemic and superficial fungal infections, the use of
empiric intravenous amphotericin-B, and infections
or colonization with fungi resistant to fluconazole.

MATERIALS AND METHODS
Design of the Meta–Analysis
This study was designed according to the guidelines
published by Cook et al.38 The protocol, which is de-
scribed below, was developed prospectively.

Data Sources
Studies were identified through MEDLINE, CANCER-
LIT, and the data base of the Pfizer company. The last
search was done in April, 1999. The identified studies

were not restricted to those in English or to published
trials.

Study Selection
Eligible studies consisted of all randomized studies
comparing oral fluconazole with placebo, no treat-
ment, or oral polyenes as prophylaxis for fungal infec-
tions in neutropenic patients. Patients who received
oral polyenes were considered the control group be-
cause randomized trials failed to show any beneficial
effect of oral polyenes in the prevention of fungal
infections.39 – 42 To be included in the meta–analysis, a
clinical trial had to meet the following criteria: 1)
prospective randomized design; 2) all patients experi-
enced neutropenia (, 1000/mL); 3) the ability to de-
termine the number of patients with pathologically or
microbiologically proven, systemic fungal infections;
and 4) no intravenous antifungal prophylaxis. Intrave-
nous fluconazole that was administered only when the
patients could not receive oral medication was per-
mitted.

Outcome Measures and Data Extraction
Seven outcome measures were used in the subsequent
analysis in an attempt to assess the effect of flucon-
azole prophylaxis. The primary outcome measures
were the occurrence of fungal-related death and that
of proven, systemic fungal infections. A proven, sys-
temic fungal infection was defined as one in which
there was both clinical evidence of blood or tissue
infection and a culture or biopsy specimen from the
involved site demonstrating a pathogenic fungal or-
ganism. Fungal-related death was diagnosed when the
death of a patient related to the neutropenic period
was attributable to proven, systemic fungal infections.
The third outcome measure was the frequency of su-
perficial fungal infections. The fourth outcome mea-
sure was the use of empiric amphotericin-B, which
was used in patients with persistent neutropenic fever
that was resistant to antibacterial agents. The fifth and
sixth outcome measures were the systemic fungal in-
fections caused by the Aspergillus species, and C. kru-
sei, or T. glabrata, species against which fluconazole is
not active enough. The colonization by C. krusei and
T. glabrata, as detected by surveillance cultures from
mucous membranes, also was assessed.

Two independent reviewers extracted data from
each report, and any discrepancies were resolved by
reinspection of the original reports. We asked authors
to provide us with the following information: the de-
sign of randomization, the accuracy of the extracted
data, and information not described in the reports,
such as the duration of neutropenia, and so on.
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Statistical Analyses
Because the studies were expected to be heteroge-
neous due to the diversity within the study popula-
tion, the diagnoses, the dose of fluconazole, and the
prophylaxis in the control group, we used the random-
effect method described by DerSimonian and Laird43

to combine the results. When the P value for hetero-
geneity exceeded 0.10, however, we preferred the
Mantel–Haenszel (fixed-effect) method, because that
method works well in analyses in which the numbers
of events are few.44,45 The Peto method was not em-
ployed, because some of the studies included large
effects.46 Results were presented as odds ratios (ORs)
with 95% confidence intervals (CI). The ORs were , 1
if the adverse outcomes occurred less frequently in the
fluconazole group. Sensitivity analysis was performed
by recalculating the results after dropping each of the
studies.

RESULTS
Clinical Trials
We performed a thorough search for randomized,
controlled trials of prophylactic oral fluconazole, irre-

spective of the language and not restricted to pub-
lished trials to exclude publication bias. We identified
20 randomized trials of fluconazole prophylaxis in
neutropenic patients, including one meeting ab-
stract.15–36 However, four of those trials were excluded
because of the use of intravenous antifungal prophy-
laxis35 or because of the lack of information about the
number of proven, systemic fungal infections or the
number of patients in each group.33,34,36 Finally, 16
trials were included (Table 1), all of which were pub-
lished in English. There were 3734 patients included in
the trials. Control patients received a placebo or no
prophylaxis in 6 trials and oral polyenes in 10 trials.
Tested patients received oral fluconazole at a higher
dose (400 mg per day) or a lower dose ('50 –200 mg
per day). Therefore, the studies were divided into two
subgroups, the 400 mg per day group (high dose trials:
8 trials, 1539 patients) and others (low dose trials: 8
trials, 2195 patients), in the analysis described below.
The control patients in the low dose trials received
prophylactic oral polyenes, except for one trial in
which the control patients received clotrimazole tro-
ches.25,26 Two studies included only patients who were

TABLE 1
Trials of Fluconazole Prophylaxis

Trial Year Conditions

Fluconazole arma Control arm

Regimen Patients (BMT) Regimen Patients (BMT)

Goodman et al.15 1992 BMT Oral 400 mg or iv
200 mg

179 (179) Placebo 177 (177)

Winston et al.16 1993 Acute leukemia Oral 400 mg or iv
200 mg

123 (0) Placebo 132 (0)

Chandrasekar and
Gathy17,18

1994 Leukemia or BMT Oral 400 mg or iv
400 mg

23 (11) Placebo 23 (11)

Schaffner and Schaffner19 1995 Hematologic malignancy Oral 400 mg or iv
200 mg

75 (8) Placebo 76 (7)

Slavin et al.20 1995 BMT Oral 400 mg 152 (152) Placebo 148 (148)
Egger et al.21 1995 Cancer Oral 400 mg or iv

400 mg
43 (14) Oral nystatin 24,000,000 U 46 (19)

Kern et al.22 1998 Refractory AML Oral 400 mg 36 (0) None 32 (0)
Rotstein et al.23 1999 Hematologic malignancy

or BMT
Oral 400 mg 141 (62) Placebo 133 (58)

Akiyama et al.24 1993 Hematologic malignancy Oral 200 mg 71 (0) Oral AMPH-B 2400 mg 59 (0)
Ellis et al.25,26 1994 Hematologic malignancy

or BMT
Oral 200 mg 42 (10) Clotrimazole troche 20 mg 48 (13)

Meunier et al.27 1991 Cancer Oral 200 mg 30 (9) Oral AMPH-B 1200 mg 29 (9)
Menichetti et al.28 1994 Acute leukemia Oral 150 mg 420 (420) Oral AMPH-B 2000 mg 400 (0)
Ninane29 1994 Children with hematologic

malignancy
Oral 3 mg/kg 236 (58) Oral nystatin 200,000 U/kg or oral

AMPH-B 100 mg/kg
249 (64)

Groll et al30 1997 Cancer Oral 3 mg/kg 25 (0) Oral nystatin 50,000 U/kg 25 (0)
Philpott-Howard et al.31 1993 Cancer Oral 50 mg 256 (60) Oral nystatin 4,000,000 U or oral

AMPH-B 2000 mg
255 (50)

Rozenberg-Arska et al.32 1991 Acute leukemia Oral 50 mg 25 (0) Oral AMPH-B 800 mg 25 (0)

BMT: bone marrow transplantation; AML: acute myelogenous leukemia; AMPH-B: amphotericin B; iv: intravenous.
a Oral or iv means that fluconazole was administered intravenously only when oral intake was impossible.
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undergoing BMT,15,20 whereas six studies included no
BMT patients.16,22,24,28,30,32 The other 10 studies in-
cluded patients who were on BMT therapy and those
who were not.17–21,23,25–27,29,31 Studies containing no
BMT recipients (6 trials, 1373 subjects) were analyzed
separately (non-BMT trials), because it had already
been reported that fluconazole prophylaxis is very ef-
fective in BMT recipients.15,20

Data Extraction
Data from the seven outcome measures were ex-
tracted from the reports. In some reports, however,
not all of the outcome measures were included. We
asked all investigators to confirm the extracted data
and to provide us with the missing data, and we have
obtained several replies. Finally, there were reports
that lacked data on the numbers of fungal-related
death (n 5 3 reports), data on superficial fungal infec-
tion (n 5 2 reports), data on the use of empiric intra-
venous amphotericin-B (n 5 3 reports), data on sys-
temic infection due to C. krusei or T. glabrata (n 5 2
reports), and data on the colonization by C. krusei or
T. glabrata (n 5 5 reports).

Heterogeneity Between Trials
Because the studies were expected to be heteroge-
neous due to the diversity within the study popula-
tion, the diagnoses, the dose of fluconazole, and the
prophylaxis in the control group, we tested for the
heterogeneity for each outcome.43 The P value for
heterogeneity was , 0.10 for the empiric use of am-
photericin-B and the colonization of T. glabrata.
Therefore, we used a random-effect method for these
two outcome measures. For the other outcome mea-
sures, we preferred a fixed-effect method, because the
method works well even in analyses in which the
numbers of events are few.44,45 In general, however,
the two methods showed similar results, and both
results are shown in the figures.

Fungal-Related Death and Proven, Systemic Fungal
Infections
The incidences of fungal-related death were 0 – 8.7% in
the fluconazole group and 0 –12.8% in the control
group. Figure 1 shows that the combined OR was 0.45
(95% CI, 0.29 – 0.72). However, when the analysis was
restricted to trials containing no BMT recipients, the
combined OR was 0.91 (95% CI, 0.30 –2.82). The inci-
dence of proven, systemic fungal infection was 1.4 –
13.3% in the fluconazole group and 0 –20.8% in the
control group. The combined OR was 0.42 (95% CI,
0.31– 0.57) (Fig. 2). In non-BMT trials, however, there
was no significant difference between the groups (OR,
0.85; 95% CI, 0.47–1.55). We performed further analy-

sis to evaluate the correlation between the risk of
fungal infection and the beneficial effect of flucon-
azole prophylaxis. Figure 3 shows that systemic fungal
infection was reduced by fluconazole only in studies
in which the incidence of systemic fungal infection in
the control group was . 15%. The ORs combined in
studies in which the incidence of systemic fungal
infections was , 15% and . 15% were 0.78 (95% CI,
0.50 –1.21) and 0.23 (95% CI, 0.15– 0.36), respectively.

Superficial Fungal Infections
Superficial fungal infections were diagnosed in
0 –34.8% in the fluconazole group and 0 – 82.6% in the
control group. The combined results showed a signif-
icant prophylactic effect of fluconazole against super-
ficial fungal infections (OR, 0.23; 95% CI, 0.17– 0.31)
(Fig. 4). This effect was confirmed even in trials that
did not include BMT recipients (OR, 0.44; 95% CI,
0.24 – 0.80). The same finding was confirmed again in
both the high dose trials (OR, 0.21; 95% CI, 0.15– 0.30)
and the low dose trials (OR, 0.27; 95% CI, 0.16 – 0.45).
Fluconazole was more effective in decreasing superfi-
cial fungal infections than oral polyenes, because
most of the control patients in the low dose trials
received oral polyenes as prophylaxis.

Empiric Use of Intravenous Amphotericin-B
Empiric intravenous amphotericin-B was adminis-
tered to patients with persistent neutropenic fever that
was resistant to antibacterial agents. However, the
criteria varied between the studies, probably resulting
in significant heterogeneity among the results of the
trials. The use of intravenous amphotericin-B was re-
duced in the test group when analyzed in all trials (OR,
0.76; 95% CI, 0.60 – 0.96) but was equivalent in both
groups when analyzed in only non-BMT trials (OR,
0.90; 95% CI, 0.56 –1.45) (Fig. 5). The use of empiric
amphotericin-B tended to be reduced in fluconazole
patients in low dose and high dose trials, but the
difference was not statistically significant (low dose:
OR, 0.71; 95% CI, 0.50 –1.00; high dose: OR, 0.85;
95%CI, 0.67–1.08). The empiric use of intravenous am-
photericin-B was reduced significantly by fluconazole
prophylaxis only in BMT recipients.

Systemic Aspergillosis and Systemic Infection Due to
C. krusei or T. glabrata
There was no difference in the incidence rate of
proven, systemic aspergillosis between the test group
and the control group when combined in all trials (OR,
1.24; 95% CI, 0.71–2.18), only in non-BMT trials (OR,
1.81; 95% CI, 0.61–5.36), in high dose trials (OR, 1.49;
95% CI, 0.69 –3.22), or in low dose trials (OR, 1.02; 95%
CI, 0.45–2.32) (Fig. 6). There was also no difference in
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the incidence rate of proven, systemic infection due to
C. krusei or T. glabrata (all trials: OR, 0.88; 95% CI,
0.46 –1.68; non-BMT trials: OR, 1.96; 95% CI, 0.48 –
7.94; high dose trials: OR, 0.82; 95% CI, 0.36 –1.86; low
dose trials: OR, 0.98; 95% CI, 0.34 –2.87) (Fig. 7). Flu-
conazole prophylaxis did not increase infections
caused by fluconazole-resistant fungi.

Colonization by C. krusei or T. glabrata
Colonization by C. krusei and T. glabrata was evalu-
ated by the results of surveillance cultures. The detec-
tion rates of C. krusei were 0 –14.5% in the test group
and 0 –7.9% in the control group. In total, C. krusei was

detected more frequently in test patients (OR, 2.01;
95% CI, 1.30 –3.12) (Fig. 8). The frequency of coloniza-
tion by T. glabrata was 0 –33.3% in the test group and
0 –27.3% in the control group. When the data from all
trials were combined together, T. glabrata also was
detected more frequently in test patients (OR, 2.18;
95% CI, 1.17– 4.08) (Fig. 9). With regard to the detec-
tion of C. krusei, there was no change in the combined
results when the trials were divided into high dose and
low dose trials (high dose trials: OR, 1.96; 95% CI,
0.94 – 4.08; low dose trials: OR, 2.04; 95% CI, 1.18 –3.53,
respectively). In contrast, with regard to the detection
of T. glabrata, it was detected significantly more fre-

FIGURE 1. The odds ratios of fungal-related

death are shown with 95% confidence intervals.

The size of the diamond represents the sample

size of each study. FCZ: fluconazole; M-H: Man-

tel–Haenszel method; D-L: DerSimonian–Laird

method.
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quently in the test patients in the low dose trials (OR,
6.30; 95% CI, 3.87–10.35), whereas there was no signif-
icant difference in the test and control patients in the
high dose trials (OR, 1.23; 95% CI, 0.86 –1.77). The
combined ORs in the non-BMT trials were 6.30 (95%
CI, 0.97– 40.87) and 2.61 (95% CI, 0.64 –10.72) in the
evaluation of C. krusei colonization and T. glabrata
colonization, respectively. The 95% CIs were very

wide, probably due to the small number of trials. We
could not deny the possibility that colonization by
these fungi might have been more frequent in the
fluconazole group.

Sensitivity Analysis
A sensitivity analysis was performed by recalculating
the results after dropping each of the studies. Al-

FIGURE 2. The odds ratios of proven, systemic

fungal infection are shown with 95% confidence

intervals. The size of the diamond represents the

sample size of each study. FCZ: fluconazole;

M-H: Mantel–Haenszel method; D-L: DerSimo-

nian–Laird method.
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though several reversals between significant results
and nonsignificant results were observed when the
border of the 95% CI was close to 1.0, there was no
dramatic change after dropping a single study, except
for the following two situations: After dropping the
trial by Kern et al.,22 the OR for the empiric use of
intravenous amphotericin-B in non-BMT trials
changed from 0.90 (95% CI, 0.56 –1.45) to 0.70 (95% CI,
0.53– 0.92). After dropping the trial by Winston et al.,16

the OR for the colonization by T. glabrata in non-BMT
trials changed from 2.61 (95% CI, 0.64 –10.72) to 6.39
(95% CI, 1.53–26.6).

Adverse Effects
Although adverse effects that were observed during
the studies were described in most of the trials, we
could not combine the frequency of such effects, be-
cause the definition of adverse effects varied between
trials. In general, the overall frequency of adverse ef-
fects was similar in the control and test groups. Flu-
conazole patients developed more frequent abnor-
malities in their liver enzyme tests in a few studies, but
they were reversible. Patient compliance with the flu-
conazole regimen was excellent, and . 90% of the
patients who received fluconazole were able to com-
plete the prophylaxis dose, whereas only 70 –90% of
the control patients who received oral polyenes were
able to complete their full dose.

DISCUSSION
Fluconazole is an effective drug against most of the
clinically important fungi, with less toxicity than am-
photericin-B. It is available as oral and intravenous
agents and is used widely for the treatment and the
prevention of fungal infections in neutropenic pa-
tients. Two randomized, controlled trials in BMT re-
cipients demonstrated that the incidences of fungal-
related death and proven, systemic fungal infections
were reduced significantly by fluconazole prophy-
laxis.15,20 However, other randomized studies that
included only non-BMT patients or included both
BMT and non-BMT patients showed conflicting re-
sults. To clarify the clinical influence of fluconazole
prophylaxis, we performed a meta–analysis of prophy-
lactic fluconazole in neutropenic patients. Compared
with the BMT studies, the combined results failed to
show an effect of fluconazole on decreasing fungal-
related death or systemic fungal infection when used
in non-BMT patients. The incidence rates of fungal-
related death and systemic fungal infection in the
control patients were in the ranges of 5.6 –12.8% and
15.8 –17.6%, respectively, in the BMT studies and
0 –3.3% and 0 –7.6%, respectively, in the studies that
did not include BMT recipients. These findings sug-
gested that fluconazole was effective in the prevention
of such infections only in severely immunosuppressed
patients. Actually, as shown in Figure 3, the prophy-

FIGURE 3. The odds ratio of proven, systemic fungal infection from each study arranged by the incidence of systemic fungal infection in the control patients.

The size of the diamond represents the sample size of each study.
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lactic benefit of fluconazole was evident in studies in
which the incidence rate of systemic fungal infection
in the control patients was . 15%. The incidence rate
of fungal infection may be influenced by the duration
of neutropenia, the use of immunosuppressive agents,
colonization before chemotherapy, environmental ex-
posure, and so on.4 We could not analyze the correla-
tion between the efficacy of fluconazole prophylaxis
and the depth and duration of neutropenia, because
such data were available from less than half of the
trials.

Superficial fungal infections, especially oropha-
ryngeal candidiasis, cause local pain, discomfort, and
loss of taste, resulting in an aversion to food. Although
the treatment of patients with superficial fungal infec-
tions is relatively easy, reducing the incidence of su-
perficial fungal infections improves the quality of life
during neutropenia. In this regard, fluconazole was
very effective not only in BMT recipients but also in
non-BMT patients. The effect was preserved when the
dose of fluconazole was low (50 –200 mg per day).

Oral polyenes, such as nystatin or amphotericin-

FIGURE 4. The odds ratios of superficial fun-

gal infection are shown with 95% confidence

intervals. The size of the diamond represents the

sample size of each study. FCZ: fluconazole;

M-H: Mantel–Haenszel method; D-L: DerSimo-

nian–Laird method.
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B, also are used for prophylaxis against fungal infec-
tions in neutropenic patients. Randomized trials,
however, have failed to show any beneficial effect of
oral polyenes in the prevention of systemic candidia-
sis.39 – 42 In addition, polyenes were inferior to low
dose fluconazole in the prevention of superficial fun-
gal infections. The unpleasant taste of polyenes re-
sulted in a low compliance rate. We could not find any
role for oral polyenes in antifungal prophylaxis for
neutropenic patients.

The use of intravenous amphotericin-B was re-
duced significantly by fluconazole prophylaxis in BMT

studies. This is very beneficial in patients who un-
dergo BMT, because amphotericin-B frequently
causes severe nephrotoxicity when it is used simulta-
neously with immunosuppressive agents, such as cy-
closporin or tacrolimus.47 In non-BMT trials, there
was significant heterogeneity between the trials, and
there was no difference between the test groups and
the control groups. However, by dropping the study by
Kern et al.,22 the combined results favored the flucon-
azole group. In the trial by Kern et al., the control
patients received intravenous fluconazole, not intra-
venous amphotericin-B, as the first-line empiric anti-

FIGURE 5. The odds ratios of the empiric use

of intravenous amphotericin-B are shown with

95% confidence intervals. The size of the dia-

mond represents the sample size of each study.

FCZ: fluconazole; M-H: Mantel–Haenszel meth-

od; D-L: DerSimonian–Laird method.
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fungal therapy, resulting in a significantly lower use of
intravenous amphotericin-B in the control group.22 In
most of the other trials, the test and control groups
received intravenous amphotericin-B under the same
criteria. Thus, we could not deny the possibility that
the prophylactic fluconazole might have reduced the
use of intravenous amphotericin-B in non-BMT pa-
tients.

We also analyzed the incidences of proven, sys-

temic fungal infections caused by the Aspergillus spe-
cies, C. krusei, and T. glabrata, because fluconazole is
less active against these pathogens. In particular, the
emergence of C. krusei and T. glabrata during the
prophylactic use of fluconazole has raised some con-
cern.48,49 From the combined results of our analysis,
however, it was shown that fluconazole did not in-
crease systemic fungal infections due to these patho-
gens. We first considered that the selection of flucon-

FIGURE 6. The odds ratios of proven, systemic

aspergillosis are shown with 95% confidence

intervals. The size of the diamond represents the

sample size of each study. FCZ: fluconazole;

M-H: Mantel–Haenszel method; D-L: DerSimo-

nian–Laird method.
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azole-resistant fungi and the decreased use of
intravenous amphotericin-B might lead to the in-
creased incidence of infections caused by such fungi,
but the incidence rate was equivalent between the test
group and the control group, even in trials in which
the use of intravenous amphotericin-B was reduced.

Colonization by C. krusei was increased during
fluconazole prophylaxis. It was statistically significant
or marginally significant in all subgroup analyses.
With regard to the detection of T. glabrata, there was
a discrepancy in the combined results between the

high dose trials and low dose trials. We can raise two
possible explanations for this: First, most of the con-
trol patients in the low dose trials received oral poly-
enes, whereas those in the high dose trials received no
prophylaxis. Oral polyenes may be effective in de-
creasing colonization by T. glabrata. Second, coloni-
zation by T. glabrata may be reduced by fluconazole
in a dose dependent manner. The former is unlikely,
because the frequency of T. glabrata colonization did
not differ so much in the nonprophylaxis group and
the oral polyene group.

FIGURE 7. The odds ratios of proven, systemic

fungal infection due to C. krusei or T. glabrata

are shown with 95% confidence intervals. The

size of the diamond represents the sample size

of each study. FCZ: fluconazole; M-H: Mantel–

Haenszel method; D-L: DerSimonian–Laird

method.
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There have been several criticisms of the meta–
analysis. First, we must consider the “file drawer prob-
lem” or “publication bias.” Trials that do not include
statistically significant findings tend to be rejected by
journal editors or are not submitted by investigators. A
meta–analysis of published trials may lead to an over-
estimation of study effect. Therefore, we have
searched trials that were not restricted to those that
were published and that were not restricted to those in
English. The “file drawer problem” is not a major
problem in the evaluation of the efficacy of fungal

prophylaxis, because many trials without statistically
significant findings have been published. Second, the
combined results may be influenced in a major way by
a trial with large numbers of patients. Thus, we per-
formed a sensitivity analysis. There was no dynamic
change in the combined results after dropping each of
the trials. The major shortcoming of the current study
was the heterogeneity of the trials. The patient popu-
lation varied between studies, especially considering
the level of immunosuppression. In addition, the test
drug dosage in the test group and the prophylaxis in

FIGURE 8. The odds ratios of C. krusei colo-

nization are shown with 95% confidence inter-

vals. The size of the diamond represents the

sample size of each study. FCZ: fluconazole;

M-H: Mantel–Haenszel method; D-L: DerSimo-

nian–Laird method.
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the control patients also varied between studies. We
used a random-effect method and recalculated the
combined ORs after dividing the trials into some sub-
groups to resolve these problems. However, it should
be kept in mind that the results still may be biased
somewhat by the heterogeneity between trials.

Recently, the Nordic Cochrane Center raised con-
cerns about the design and reporting of trials of anti-
fungal agents.50 The most important problem was that
some results from single-center trials might have been

included in multicenter trial reports. Actually, 18 pa-
tients in the study by Groll et al. were included in the
report of a multicenter study by Ninane et al.29,30 We
could not clarify whether there was another overlap or
not, because we could not obtain the raw data from
those trials. However, we believe that such overlap
was not frequent, because the study design of each
trial differed somewhat from one another.

In conclusion, we failed to find an effect of pro-
phylactic fluconazole on both fatal fungal infection

FIGURE 9. The odds ratios of T. glabrata

colonization are shown with 95% confidence

intervals. The size of the diamond represents the

sample size of each study. FCZ: fluconazole;

M-H: Mantel–Haenszel method; D-L: DerSimo-

nian–Laird method.
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and systemic fungal infection in non-BMT patients,
although we should perform high dose fluconazole
prophylaxis (400 mg per day) for BMT recipients, be-
cause it has been proven to reduce fungal-related
mortality and systemic fungal infections in two well-
designed, randomized, controlled studies.15,20 Further
studies on severely neutropenic non-BMT patients are
warranted, because prophylactic fluconazole seemed
to be effective when the incidence of systemic fungal
infection was expected to be . 15%. Prophylactic flu-
conazole clearly decreased superficial fungal infec-
tions and may improve the quality of life for patients
during neutropenia. Fluconazole at lower doses (50 –
200 mg per day) may be sufficient for the latter pur-
pose. However, we should carefully follow coloniza-
tion by C. krusei and T. glabrata in these patients
during fluconazole prophylaxis.
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