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Abstract
Aims—To compare the eYcacy of and tol-
erance to oral fluconazole and intracona-
zole in preventing fungal infection in
neutropenic patients with haematological
malignancies.
Patients—213 consecutive, afebrile adult
patients treated with or without autolo-
gous stem cell transplantation for haema-
tological malignancies.
Methods—A randomised, double blind,
single centre study. Patients were ran-
domly assigned to receive fluconazole 50
mg or itraconazole 100 mg, both twice
daily in identical capsules. An intention to
treat analysis was performed on 202
patients, 101 in each group.
Results—Microbiologically documented
systemic fungal infections occurred in
four patients in each group. Clinical
fungal infection was thought to be present
in seven recipients of fluconazole and four
of itraconazole. In all 202 patients, 29 pro-
ceeded to intravenous amphotericin (am-
photericin B), 16 in the fluconazole group
and 13 in the itraconazole group. Superfi-
cial fungal infection was seen only in three
non-compliant patients in the fluconazole
group. All these infections were oral. No
major diVerences were noted in the iso-
lates of fungi in mouth washes and fecal
samples. Overall mortality was 8.9% (18
deaths; seven in the fluconazole group, 11
in the itraconazole group). Mortality from
microbiologically and clinically docu-
mented fungal infection was 4.5% (nine
deaths; three in the fluconazole group, six
in the itraconazole group). Median time to
suspected or proven fungal infection was
16 days in both groups. None of these
comparisons reached statistical signifi-
cance (p < 0.05). No major clinical toxic-
ity was noted and compliance was
excellent.
Conclusions—In neutropenic patients
treated for haematological malignancies
with or without autologous stem cell
transplantation, fluconazole and itracona-
zole in low doses result in a similar low
frequency of fungal disease. Fluconazole
may be the preferable drug because of the
smaller number of capsules and lack of
need for timing relative to meals.
(J Clin Pathol 1999;52:376–380)
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Superficial and disseminated fungal disease
remains a challenging problem for clinicians
caring for neutropenic patients with haemato-
logical malignancies.1–4 It is the most important
cause of morbidity and mortality, and because
it is diYcult to detect, most centres give intra-
venous antifungal agents to febrile patients
who do not readily respond to antibacterial
treatment.5–7

Antifungal prophylaxis is widely used. Oral
amphotericin has been used in doses of around
1 to 3 g daily. Its acceptability to patients is
poor. In randomised trials, oral polyenes did
not prevent haematogenous candidiasis.8–11

Fluconazole has emerged as the most widely
used prophylactic agent in neutropenic pa-
tients. The drug eVectively prevents oropha-
ryngeal candidiasis. In doses of 400 mg daily, it
was shown to reduce fungal colonisation, can-
didiasis, and mortality in two randomised
trials.12 13 The optimal dose remains to be
determined. In both single arm and ran-
domised trials, doses as low as 50, 100, and 200
mg daily were associated with a very low
incidence of superficial and systemic
candidiasis.14–17 A drawback of fluconazole
prophylaxis is its lack of activity against
Aspergillus spp.

Itraconazole, another imidazole, has in vitro
and in vivo activity against Aspergillus spp.

An important limitation is its erratic bio-
availability in certain settings.18 19 Rather lim-
ited data are available regarding its eYcacy in
prevention of fungal disease in neutropenic
patients. In a small double blind trial, 200 mg
of itraconazole twice daily had no additional
benefit over oral amphotericin with respect to
preventing aspergillosis.20

We decided to compare fluconazole 100 mg
daily with itraconazole 200 mg daily in a dou-
ble blind, randomised trial in patients with
haematological malignancies.

Methods
Eligible patients included consecutive adults
who had a haematological malignancy and
were to receive cytotoxic treatment likely to
induce neutropenia (neutrophil count < 0.5 ×
109/l) with a duration of at least 10 days. All
patients were treated according to protocols of
the Dutch Cooperative Haematooncological
Study Group (HOVON) or received high dose
chemotherapy with autologous stem cell res-
cue, or both.

Patients were excluded if they were younger
than 18 years, if they were known to have
hypersensitivity to triazoles, if they were treated
with antifungal agents in the previous 14 days,
or if there was overt infection.
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STUDY PROTOCOL

After informed consent was obtained accord-
ing to the protocol of the ethics committee of
our institution, patients were randomised to
receive 50 mg of fluconazole or 100 mg of itra-
conazole twice daily. Study drugs were given in
identical capsules, in a double blind fashion,
directly after a meal. All patients received
ciprofloxacin 500 mg twice daily and roxitro-
mycine 150 mg twice daily, both orally. Nasal
amphotericin was also given, 2 mg three times
daily into both nostrils. All these four prophy-
lactic drugs were given from the day of start of
chemotherapy until the neutrophil count was
above 0.5 × 109/l. A single lumen subclavian
intravenous catheter was inserted, and the
dressing was renewed daily. Antiviral treatment
with acyclovir, leucocyte-poor erythrocyte con-
centrates, and platelets was given as clinically
indicated.

Granulocyte transfusions were not used.
Granulocyte colony stimulating factor (G-
CSF) was given according to protocols. Pa-
tients were nursed in conventional single or
double rooms, and patients receiving autolo-
gous stem cell transplantation after busulphan-
cyclophosphamide conditioning (for acute leu-
kaemia and multiple myeloma) were treated in
down flow isolation rooms.

All patients were examined daily for clinical
signs of infection. When the axillary tempera-
ture increased to more than 38.5°C or other
signs of infection appeared, samples for micro-
biological cultures, including at least two sepa-
rate blood specimens, were obtained, one of
which was withdrawn through the intravenous
catheter. Treatment with imipenem-cilastatin
500 mg four times daily intravenously was
started. If fever persisted, vancomycin 1 g twice
daily intravenously was added after 72 hours.
Empirical treatment with amphotericin, 0.7
mg/kg, was added to the imipenem-cilastatin
plus vancomycin combination if fever persisted
for another 72 hours. Vancomycin with or
without amphotericin was given earlier if
cultures so dictated.

At the beginning of intravenous antibiotic
treatment, and thereafter every three days,
chest and sinus x rays were obtained and other
relevant investigations performed for the dura-
tion of the febrile period. Blood cultures were
drawn every third day and whenever axillary
temperature rose above 38.5°C.

To compare the eYcacy of and tolerance to
fluconazole and intraconazole, the following
variables were measured: microbiologically
documented bacterial or fungal infection,
clinically documented infection, superficial
clinically overt and culture documented fungal
infection, fever of undetermined origin (FUO),
time to empirical antifungal treatment with
amphotericin, compliance, treatment interrup-
tion caused by side eVects, mortality, and
plasma concentrations of fluconazole, itracona-
zole, and hydroxyitraconazole. The latter were
determined once weekly, 10 hours after
administration of the study drug.

DEFINITION OF INFECTION

Microbiologically documented infection was
defined as infection established by one positive
culture of sputum, bronchiolar alveolar lavage,
tissue biopsy, or blood. For coagulase negative
staphylococci or candida septicaemia to be
diagnosed, two separate positive blood cultures
were required.

Clinically documented infection was defined
whenever typical signs of infection were found
on physical examination, x rays, or other imag-
ing tests without positive cultures. Those were
judged to be bacterial when they responded to
intravenous antibiotic treatment and to be fun-
gal when they persisted during antibiotic treat-
ment and required empirical amphotericin
treatment. FUO was defined as every febrile
episode without microbiologically or clinically
documented infection, whether the episode led
to amphotericin treatment or not.

COMPLIANCE

Compliance was monitored by the attending
nurses. It was deemed good if a patient missed
fewer than 20% of the total number of doses
and poor if the patient missed more.

SIDE EFFECTS

Side eVects were monitored clinically on the
daily rounds by asking about nausea and vom-
iting related to the administration of the study
drug, and by looking for rashes. Serum electro-
lyte analyses and tests for liver and renal func-
tion were done three times weekly.

Oral mouth washes were cultured twice
weekly for bacterial and fungal species. Faecal
samples were cultured once weekly.

STATISTICAL ANALYSIS

Results in all patients were analysed according
to the intention to treat principle. Categorical
data were analysed by Fisher’s exact test, and
the Wilcoxon rank sum test was used for
continuous data. The diVerence between the
two groups for the time to suspected fungal
infection—defined as the time between starting
the study drug and the development of fever
requiring amphotericin treatment—was ana-
lysed using the log rank test. All analyses were
performed using SAS software (SAS Institute,
Cary, North Carolina, USA).

Results
In all, we studied 213 patients with haemato-
oncological diseases, 107 initially randomly
assigned to fluconazole and 106 to itracona-
zole. Of these, 11 were excluded from analysis.
Reasons for exclusion were: chemotherapy not
started (1); infection at entry requiring treat-
ment (3); and removal from the protocol
because of leakage of sewage pipes in bedroom
(7). Thus 101 patients remained in the
fluconazole group and 101 in the itraconazole
group. The characteristics of the patients are
given in table 1. The two groups were compa-
rable for sex, age, type of diagnosis, and
number of autotransplants. Duration of neu-
tropenia (< 0.1 × 109/l) was slightly longer in
the fluconazole group, at 11.8 (8.6) v 10.3
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(5.3) days (mean (SD)), but the diVerence was
not statistically significant.

MICROBIOLOGICALLY DOCUMENTED INFECTIONS

Proven bacterial septicaemia occurred in 20
patients treated with fluconazole and in 14
treated with itraconazole (table 2). Microbio-
logically documented bacterial infections other
than septicaemia occurred in two patients in
the fluconazole group (otitis externa; deep skin
infection) and in one patient in the itraconazole
group (maxillary sinusitis).

Proven systemic fungal infections occurred
in four patients treated with fluconazole and in
four treated with itraconazole. These eight

infections included one case of mucormycosis
in the sinuses, one in the lungs, two cases of
Aspergillus fumigatus pneumonia in the flucona-
zole group, and four cases of A fumigatus pneu-
monia in the itraconazole group.

There were three patients with clinically
apparent and culture documented oropharyn-
geal candidiasis in the fluconazole group and
none in the itraconazole group. All these three
cases were caused by C albicans and appeared
during non-compliance.

None of these diVerences between the
groups was statistically significant.

CLINICALLY DOCUMENTED INFECTIONS

Clinically documented bacterial infections
occurred in 19 patients treated with flucona-
zole and in 12 treated with itraconazole. Most
of these infections were in the lungs (17). Other
sites of infection included the sinuses (6), skin
(2), intravenous catheter entrance (2), mouth
(1), vulva (1), rectum (1), and pericardium (1).

Clinically documented infections apparently
caused by fungi occurred in seven patients in
the fluconazole group and in four in the itraco-
nazole group. All these infections were in the
lungs.

There were no statistically significant diVer-
ences between frequencies of suspected infec-
tion.

FEBRILE EPISODE OF UNKNOWN ORIGIN

In the fluconazole group, 14 patients developed
FUO without documented infection. They all
received antibacterial treatment and one of
them proceeded to amphotericin. Of the
patients on itraconazole, 29 received antibacte-
rial treatment for simple fever and two of these
proceeded to amphotericin. The diVerence in
FUO between the groups was not statistically
significant.

MORTALITY

Overall, seven patients in the fluconazole group
died (6.9%) and 11 (10.9%) in the itraconazole
group (table 3). This diVerence is not statisti-
cally significant. Death from proven bacterial
infections occurred in one patient in the fluco-
nazole group owing to ongoing septicaemia
caused by coagulase negative staphylococci.
Fungal disease caused death in three patients
taking fluconazole and in six taking itracona-
zole. In the fluconazole group these three fun-
gal deaths included two from A fumigatus
pneumonia and one from sinusitis caused by
Mucor spp.

In the itraconazole group there were three
fatalities from A fumigatus pneumonia. The

Table 1 Patient characteristics

Antifungal drug treatment

Fluconazole Itraconazole Total
n % n % n %

Total number of patients 101 100.0 101 100.0 202 100.0
Male 63 62.4 57 56.4 120 59.4
Female 38 37.6 44 43.6 82 40.6
Age

<45 years 37 36.6 28 27.7 65 32.2
45–60 years 43 42.6 54 53.5 97 48.0
>60 years 21 20.8 19 18.8 40 19.8

Diagnosis
AML/ALL/CML 35 34.7 43 42.6 78 38.6
Lymphoma 37 36.6 36 35.6 73 36.1
Marrow aplasia 2 2.0 2 1.0
Multiple myeloma 21 20.8 20 19.8 41 20.3
Myelodysplasia 6 5.9 2 2.0 8 4.0

Autotransplantation
Yes 60 59.4 55 54.5 115 56.9
No 41 40.6 46 45.5 87 43.1

Patient receiving GCSF
Yes 42 41.6 43 42.6 85 42.1
No 59 58.4 58 57.4 117 57.9

Initial induction chemotherapy
Yes 32 31.7 31 30.7 63 31.2
No 69 68.3 70 69.3 139 68.8

Neutropenic episodes in past year
Yes 44 43.6 44 43.6 88 43.6
No 57 56.4 57 56.4 114 56.4

Duration of neutropenia, days (mean (SD)
<0.1×109/litre 11.8 (8.6) 10.3 (5.3)
<0.5×109/litre 15.2 (6.6) 15.1 (6.8)

ALL, acute lymphoblastic leukaemia; AML, acute myeloblastic leukaemia; CML, chronic
myelocytic leukaemia; GCSF, granulocyte colony stimulating factor.

Table 2 Microbiologically documented infections

Antifungal drug treatment

Fluconazole Itraconazole Total

Bacterial 22 15 37

Septicaemia 20 14 34
S aureus 1 0 1
Coagulase negative

staphylococci 5 5 10
á and â haemolytic

streptococci 10 5 15
S faecalis 2 1 3
S faecium 0 1 1
G morbilorum 1 0 1
Diphtheroid 1 1 2
E coli 0 1 1

Sinusitis
P aeruginosa 0 1 1

Otitis externa
P aeruginosa 1 0 1

Skin infection
P acnes 1 0 1

Fungal 4 4 8

Pneumonia
A fumigatus 1 4 5
Mucor species 1 0 1

Sinusitis
A fumigatus 1 0 1
Mucor species 1 0 1

Table 3 Causes of death

Antifungal drug treatment

Fluconazole Itraconazole Total

All deaths 7 11 18
Bacterial septicaemia 1 0 1
Proven Aspergillus

infection 2 3 5
Proven Mucor infection 1 0 1
Suspected fungal

infection 0 3 3
Non-infectious death 3 5 8
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other three were caused by clinically diagnosed
fungal infection in the lungs.

There were three non-infectious deaths in
the fluconazole group: encephalopathy (1),
progressive disease (1), and tumour lysis
syndrome (1). In the itraconazole group, five
patients died from non-infectious causes.
These were: progressive disease (2), encepha-
lopathy (1), intractable heart failure (1), and
intracerebral haemorrhage (1).

COMPLIANCE AND ADVERSE REACTIONS

Compliance was defined as good in 86% of the
patients taking fluconazole and in 91% of those
taking itraconazole. No major toxicity was seen.
There were two rashes in the itraconazole group
that were not attributable to causes other than
itraconazole. In no patient was it necessary to
stop the study drug because of adverse events.

USE OF INTRAVENOUS ANTIBACTERIAL AND

ANTIFUNGAL AGENTS

In the fluconazole group, 64 patients received
intravenous antibacterial treatment. Of these
64, 16 proceeded to amphotericin 9–26 days
after developing fever. In the itraconazole
group, 63 patients needed intravenous antibac-
terial treatment. Of these 63 patients, 13
received amphotericin, 8-28 days after becom-
ing febrile. Thus, of all 202 patients in the
study, 127 needed intravenous antibacterial
treatment and 29 proceeded to amphotericin.

Kaplan–Meier plots for time to clinically
suspected or proven fungal infection requiring
amphotericin treatment showed almost super-
imposable curves, with identical median times
to amphotericin of 16 days. Log rank testing
showed no statistically significant diVerences.

FUNGAL ISOLATES IN SURVEILLANCE CULTURES

In the twice weekly mouth washes and the once
weekly faecal samples, Candida spp were cul-
tured quite often. At least two cultures were
positive for the same Candida spp in 61 flucona-
zole recipients and in 54 itraconazole recipients.
In the fluconazole group, C albicans was found
at least twice in 28 patients, C krusei at least
twice in 11, and C glabrata at least twice in 18.

Other Candida spp were found at least twice
in four patients. In the itraconazole group these
were C albicans (36 patients), C krusei (5),
C glabrata (9), and other species (4).

PLASMA FLUCONAZOLE AND ITRACONAZOLE

The mean (SD) plasma fluconazole concentra-
tion was 2.56 (1.21) mg/litre in 319 samples.
There were no diVerences between values in
patients taken antacid drugs (ranitidine or
omeprazole) and those whose gastric acid pro-
duction was not inhibited.

The mean itraconazole + hydroxyitracona-
zole concentration was 1.04 (68) mg/litre, the
ratio of hydroxyitraconazole/itraconazole being
2.09 (0.61). The combined hydroxy-
itraconazole + itraconazole concentration was
lower in patients taken antacid drugs (0.81
(0.54)) than in patients taking no such
compounds (1.13 (0.73)). The ratio of
hydroxyitraconazole/itraconazole was not af-
fected by the use of antacid drugs.

Discussion
In patients undergoing intensive chemotherapy
with or without autologous stem cell grafting
for haematological malignancies, our study
showed that fluconazole or itraconazole appear
to be equally eVective for antifungal prophy-
laxis. There were no statistically significant dif-
ferences between patients receiving 100 mg
fluconazole or 200 mg itraconazole in the
number of microbiologically documented sys-
temic or superficial fungal infections nor in the
use of empirical intravenous amphotericin.
Small and statistically non-significant diVer-
ences were noted in the frequency of clinically
documented (pulmonary) fungal infections (in
favour of itraconazole) and in mortality from
fungal infection (in favour of fluconazole). The
overall mortality of 8.9% in this study, and the
mortality from microbiologically and clinically
documented fungal disease of 4.5%, are well
within the range of reported mortality data in
similar patient groups.21 22

Fluconazole, in a large variety of dosages, has
been associated with a very low incidence of
both superficial and systemic candidiasis.12–17

We chose the dose of 100 mg daily because, in
a pilot study, we found 100 mg to be superior
to 50 mg in terms of need for empirical
amphotericin.23 Furthermore, there is no hard
evidence that higher doses are more eVective
and they are certainly more costly. Our
frequency of microbiologically documented
systemic fungal infection of 4% is similar to the
rates described by Winston et al (4%) and
Goodman et al (3%) using a daily dose of
fluconazole of 400 mg.12 13

Although it has been suggested that the pro-
phylactic use of fluconazole might lead to a
selection of fluconazole resistant Candida spp
like C krusei and C glabrata we, like
others,12 13 17 24 found no increase in systemic or
superficial infection caused by C krusei or
C glabrata.

Theoretically, intraconazole could be a more
appropriate drug for prevention of fungal
disease in neutropenic patients because of its
activity against Aspergillus spp. However, ran-
domised trials examining the eYcacy of itraco-
nazole in this particular setting are scarce and
not conclusive.20 We chose a dose of 200 mg
daily, according to the manufacturer’s guide-
lines for preventive use. We were able to show
absorption of the drug in every patient assigned
to intraconazole.

The plasma trough levels of itraconazole that
we found are well within the published range
and almost equal to the MIC breakpoint for
itraconazole in candidal disease, as recently
proposed by Rex et al.25 Itraconazole in the
dose used proved clinically eVective in prevent-
ing mucosal candidal disease.

There are no data available on whether such
a plasma concentration represents an eVective
level for preventing aspergillosis. It has been
suggested that a recently available oral solution
would result in better absorption and thereby
in increased eYcacy. Steady state levels of itra-
conazole using daily doses of 200 mg of the oral
solution are between 1.0 and 2.0 mg/ml of
plasma.26 27 However a randomised trial,
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published in abstract, comparing oral solutions
of itraconazole (2.5 mg/kg) v fluconazole (100
mg) once daily in a similar patient group also
showed that both drugs were eVective prophy-
lactic antifungal agents, with no major diVer-
ences in eYcacy.28 The dose of itraconazole
used in that study (2.5 mg/kg) is comparable
with that used in our study (200 mg).

In both the fluconazole and the itraconazole
recipients, the percentage of patients proceed-
ing to intravenous amphotericin was remark-
ably low (16% and 13%, respectively). This
rate is lower than reported by Winston et al and
Goodman et al, using higher doses of flucona-
zole as prophylaxis,12 13 and even lower than in
the study by Menichetti et al, who examined
the eVect of 150 mg of fluconazole.17 It would
be an overinterpretation of our results to claim
that the prophylactic use of antifungal treat-
ment was solely responsible for the low rate of
systemic antifungal therapy used in our study.
Since much amphotericin use is empirical, one
factor that contributed to this low rate could
have been the eVective and strictly applied
antibacterial preventive and therapeutic regi-
men used in our study. The prophylactic use of
a quinolone eVectively prevented almost all
Gram negative infections, as found in other
studies (for instance, Bow et al29). In an earlier
study, we found imipenem-cilastatin to be an
eVective antibiotic in febrile neutropenic pa-
tients, a conclusion also reached in a meta-
analysis of the use of this antibiotic in
neutropenia and fever.30 31

Compliance was good for both drugs, and no
clinically important side eVects were attributed
to the use of either of them.

CONCLUSIONS

Fluconazole is as eVective as itraconazole in
preventing systemic and superficial fungal
infection and the empirical use of amphotericin
in neutropenic patients. Fluconazole is the pre-
ferred drug because of the smaller number of
capsules needed to deliver the dose used in the
study. Furthermore, there is no need to
consider time intervals between meals and
drug ingestion when using fluconazole. This
study shows that in patients treated for haema-
tological malignancies with or without autolo-
gous stem cell transplantation, fluconazole at a
dose of 100 mg daily results in a low frequency
of fungal disease.

We thank the nurses of the Department of Haematology for
excellent patient care, Mrs A Hulij for data management, and
Mrs A Tielkemeijer for editorial assistance. The trial was
supported by a grant of Pfizer bv, The Netherlands.

1 Pizzo PA, Robichaud KJ, Gill FA, et al. Empiric antibiotic
and antifungal therapy for cancer patients with prolonged
fever and granulocytopenia. Am J Med 1982;72:101–11.

2 EORTC International Antimicrobial Therapy Cooperative
Group. Empiric antifungal therapy in febrile granulocyto-
penic patients. Am J Med 1989;86:668–72.

3 Meunier F. Infections in patients with acute leukemia. In:
Mandell GL, Douglas RG, Bennett JE, eds. Principles and
practice of infectious diseases, 3rd ed. New York: Churchill
Livingstone, 1990:2267–91.

4 Saral R. Candida and Aspergillus infections in immuno-
compromised patients: an overview. Rev Infect Dis 1991;13:
487–92.

5 Pizzo PA. Management of fever in patients with cancer and
treatment-induced neutropenia. N Engl J Med 1993;328:
1323–32.

6 Wade JC. Management of infection in patients with acute
leukemia. Hematol Oncol Clin North Am 1993;7:293–315.

7 Sable CA, Donowitz GR. Infections in bone marrow trans-
plant recipients. Clin Infect Dis 1994;18:273–84.

8 Levine AS, Siegel SE, Schreiber AD, et al. Protective
environments and prophylactic antibiotics. A prospective
controlled study of their utility in the therapy of acute
leukemia. N Engl J Med 1973;288:477–82.

9 SchimpV SC, Greene WH, Young VM, et al. Infection pre-
vention in acute nonlymphocytic leukemia. Laminar air
flow room reverse isolation with oral, nonabsorbable
antibiotic prophylaxis. Ann Intern Med 1975;82:351–7.

10 Williams C, Whitehouse JMA, Lister TA, et al. Oral
anticandidal prophylaxis in patients undergoing chemo-
therapy for acute leukemia. Med Pediatr Oncol 1977;3:275–
9.

11 Buchanan AG, Riben PD, Rayner EN, et al. Nystatin
prophylaxis of fungal colonization and infection in
granulocytopenic patients: Correlation of colonization and
clinical outcome. Clin Invest Med 1985;8:139–44.

12 Goodman JL, Winston DJ, Greenfield RA, et al. A control-
led trial of fluconazole to prevent fungal infections in
patients undergoing bone marrow transplantation. N Engl J
Med 1992;326:845–51.

13 Winston DJ, Chandrasekar PH, Lazarus HM, et al.
Fluconazole prophylaxis of fungal infections in patients
with acute leukemia. Results of a randomized placebo-
controlled, double-blind, multicenter trial. Ann Intern Med
1993;118:495–9.

14 Meunier F, Aoun M, Janssens C, et al. Chemoprophylaxis of
fungal infections in granocytopenic patients using flucona-
zole vs oral amphotericin B. Drug Invest 1991;3:258–65.

15 Rozenberg-Arska M, Dekker AW, Branger J, et al. A
randomized study to compare oral fluconazole to ampho-
tericin B in the prevention of fungal infections in patients
with acute leukemia. J Antimicrob Chemother 1991;27:369–
76.

16 Alangaden G, Chandrasekar PH, Bailey E, et al, and the
Bone Marrow Transplantation Team. Antifungal prophy-
laxis with low-dose fluconazole during bone marrow trans-
plantation. Bone Marrow Transplant 1994;14:919–24.

17 Menichetti F, Del Favero A, Martino P, et al, and The
GIMENA Infection Program. Preventing fungal infection
in neutropenic patients with acute leukemia: fluconazole
compared with oral amphotericin B. Ann Intern Med 1994;
120:913–18.

18 Denning DW, Donnelly JP, Hellreigel KP, et al. Antifungal
prophylaxis during neutropenia or allogeneic bone marrow
transplantation: what is the state of the art? Chemotherapy
1991;38(suppl 1):43–7.

19 Boogaerts MA, Verhoef GE, Zachee P, et al. Antifungal
prophylaxis with itraconazole in prolonged neutropenia:
correlation with plasma levels. Mycoses 1989;32(suppl
1):103–5.

20 Vreugdenhil G, Van Dijke BJ, Donnelly P, et al. EYcacy of
itraconazole in the prevention of fungal infections among
neutropenic patients with hematologic malignancies and
intensive chemotherapy. A double-blind, placebo control-
led study. Leuk Lymphoma 1994;11:353–9.

21 Preston SL, Briceland LL. Fluconazole for antifungal
prophylaxis in chemotherapy-induced neutropenia. Am J
Health Syst Pharm 1995;52:164–73.

22 Gøtzsche PC, Johansen HK. Meta-analysis of prophylactic
or empirical antifungal treatment versus placebo or no
treatment in patients with cancer complicated by neutrope-
nia. BMJ 1997;314:1238–44.

23 Huijgens PC, Loenen AC van, Simoons-Smit AM, et al. The
prophylactic use of fluconazole 50 vs 100 mg daily in hae-
matological malignancies. Eur J Cancer 1993;6:926–7.

24 Kunora A, Trupl I, Spanik S, et al. Candida glabrata, Can-
dida krusei, non–albicans Candida spp, and other fungal
organisms in a sixty-bed National Cancer Center in 1989–
1993: no association with the use of fluconazole. Chemo-
therapy 1995;41:39–44.

25 Rex H, Pfaller MA, Galgiani JN, et al. Development of
interpretive breakpoints for antifungal susceptibility
testing: conceptual framework and analysis of in vitro-in
vivo correlation data for fluconazole, itraconazole, and can-
dida infections. Clin Infect Dis 1997;24:235–47.

26 Prentice AG, Warnock DW, Johnson SAN, et al. Multiple
dose pharmacokinetics of an oral solution of itraconazole in
autologous bone marrow transplant recipients. J Antimicrob
Chemother 1994;34:247–52.

27 Prentice AG, Warnock DW, Johnson SAN, et al. Multiple
dose pharmacokinetics of an oral solution of itraconazole in
patients receiving chemotherapy for acute myeloid leuke-
mia. J Antimicrob Chemother 1995;36:657–63.

28 Prentice AG, Morgenstern GR, Prentice HG, et al.
Fluconazole v itraconazole prophylaxis in neutropenia fol-
lowing therapy for haematological malignancy [abstract].
Am Soc Hematol 1997:1865.

29 Bow EJ, Mandell LA, Louie TJ, et al. Quinolone-based anti-
bacterial chemoprophylaxis in neutropenic patients: eVect
of augmented Gram-positive activity on infectious morbid-
ity. Ann Intern Med 1996;125:183–90.

30 Huijgens PC, Ossenkoppele GJ, Weijers TF, et al.
Imipenem-cilastatin for empirical therapy in neutropenic
patients with fever: an open study in patients with hemato-
logic malignancies. Eur J Haematol 1991;46:42–6.

31 Deaney NB, Tate H. A meta-analysis of clinical studies of
imipenem-cilastatin for empirically treating febrile neutro-
penic patients. J Antimicrob Chemother 1996;37:975–86.

380 Huijgens, Simoons-Smit, van Loenen, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.52.5.376 on 1 M
ay 1999. D

ow
nloaded from

 

http://jcp.bmj.com/

