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The safety profile of fluconazole was assessed for 562 children (ages, 0 to 17 years) comprising 323 males and
239 females. The data are derived from 12 clinical studies of fluconazole as prophylaxis or treatment for a
variety of fungal infections in predominantly immunocompromised patients. Most children received multiple
doses of fluconazole in the range of 1 to 12 mg/kg of body weight; a few received single doses. Administration
was mainly by oral suspension or intravenous injection. Overall, 58 (10.3%) children reported 80 treatment-
related side effects. The most common side effects were associated with the gastrointestinal tract (7.7%) or skin
(1.2%). Self-limiting, treatment-related side effects affecting the liver and biliary system were reported in three
patients (0.5%). Overall, 18 patients (3.2%) discontinued treatment due to side effects, mainly gastrointestinal
symptoms. Dose and age did not appear to influence the incidence and pattern of side effects. Treatment-
related laboratory abnormalities were uncommon, the most frequent being transient elevated alanine amino-
transferase (4.9%), aspartate aminotransferase (2.7%), and alkaline phosphatase (2.3%) levels. Although
98.6% of patients were taking concomitant medications, no clinical or laboratory interactions were observed.
The safety profile of fluconazole was compared with those of other antifungal agents, mostly oral polyenes, by
using a subset of data from five controlled studies. Side effects were reported by more patients treated with
fluconazole (45 of 382; 11.8%) than by those patients treated with comparable agents (25 of 381; 6.6%);
vomiting and diarrhea were the most common events in both groups. The incidence and type of treatment-
related laboratory abnormalities were similar for the two groups. In conclusion, fluconazole was well tolerated
by the pediatric population, many of whom were suffering from severe underlying disease and were taking a
variety of concurrent medications. The safety profile of fluconazole in children mirrors the excellent safety
profile seen in adults.

Fluconazole, an orally active synthetic bis-triazole, is estab-
lished worldwide as a leading antifungal agent (13). It has an
important role in the treatment and prophylaxis of fungal in-
fections in immunocompromised adults (12).

Fluconazole is well tolerated in adult patients, including
those who are seriously ill (21). The safety profile of the drug

has been defined by data from clinical trials involving more
than 4,000 adult patients, of whom approximately one-third
had AIDS (21a). All patients received fluconazole therapy for
at least 7 days. Overall, 16% experienced treatment-related
side effects, most commonly gastrointestinal effects (nausea,
3.7%; abdominal pain, 1.7%; vomiting, 1.7%; diarrhea, 1.5%),

TABLE 1. Details of pharmacokinetic studiesa

Study
no.

No. of centers,
location Underlying diagnosis

Fluconazole dosage
(mg/kg/day), route
of administration

Duration or
type of therapy

No. of
patients

Mean age
(range) Reference

006 2, USA Cancer chemotherapy 2, 4, or 8, i.v. 7 days 26 11.2 yr (5–15 yr) Lee et al. (17)
018 6, USA Oncological malignancy, with

patients receiving
chemotherapy, radiation, or
supportive care, or HIV
infection

2 or 8, p.o. Single dose 45 2 mg, 6.3 yr; 8 mg, 5.8
yr (9 mo–13 yr)

Brammer and Coates (1)

239 1, UK Malignant disease or BMT;
expectation of neutropenia

3, p.o.b 1–41 days 16 4.6 yr (0–10 yr) Pfizer, Inc. (21a)

241 1, France Acquired or congenital
immune deficiency
syndromes

3, i.v. Single dose 16 65.9 wk (1.6–293.1 wk) Brammer and Coates

247 1, UK Malignant disease or BMT;
expectation of neutropenia

3, p.o.b 4–20 days 13 7.2 yr (1–12 yr) Brammer and Coates (1)

375 1, Finland Prematurity, very low birth
weight

6 every 72 h, i.v. 2–5 doses 12 23.7 h (8.6–35.7 h) Saxén et al. (24)

a Abbreviations: USA, United States; UK, United Kingdom; i.v., intravenously; p.o., orally; BMT 5 bone marrow transplantation.
b Single dose followed 48 h later by daily dosing.
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headache (1.9%), and skin rash (1.8%). Side effects did not
appear to be correlated with dosage over a range of 50 to 400
mg daily. Few patients were withdrawn from the study due to
treatment-related side effects or laboratory abnormalities (1.5
and 1.2%, respectively). Fluconazole had no consistent effect
on patients’ biochemical parameters. Although isolated in-
stances of clinically overt hepatic dysfunction have been re-
ported in patients with AIDS, fluconazole appears to have less
hepatotoxic potential than other azoles (10, 19). Data from a
prescription-event monitoring study involving more than
15,000 adult patients have confirmed that fluconazole is well
tolerated and is associated with very few side effects (15, 16).

Opportunistic fungal infections are also an important cause
of morbidity and mortality in immunocompromised children
(22, 27). Neutropenia induced by chemotherapy places the
pediatric patient at risk of serious fungal infection, most com-
monly with Candida spp. (22). Mucosal candidiasis is the most
frequent opportunistic infection affecting children with human
immunodeficiency virus (HIV) infection (11).

Fluconazole has recently been approved for pediatric use
and shows promise in the treatment and prophylaxis of fungal
infections in immunocompromised children (4, 5, 9, 14, 18, 20,
26). This review summarizes pediatric safety data obtained
during phase II and III clinical studies of fluconazole (1, 9, 14,
17, 20, 23, 24).

MATERIALS AND METHODS

Data were obtained from six pharmacokinetic studies and six therapeutic
studies carried out in Europe, the United States, and Canada (1, 9, 14, 17, 20, 23,
24). A subset of these data from five controlled studies was used to compare the
safety profile of fluconazole with those of other antifungal agents (9, 14, 20).
Fluconazole was evaluated as prophylaxis or treatment for a variety of fungal
infections, including oropharyngeal candidiasis, candidemia, and disseminated
candidiasis. Many of the patients who were recruited were immunocompro-
mised, primarily due to chemotherapy, radiotherapy, HIV infection, or trans-
plantation. Ethics committee approval and written informed consent of the
parents or legal guardians of the children were obtained. Study details are
summarized in Tables 1 and 2.

Side effects were recorded at each clinical assessment if they were reported
spontaneously by the patient or a parent or guardian of the patient or if they were
observed by the investigator. The relationship to treatment was assessed by the
investigator. Laboratory data were collected at the baseline and were monitored
throughout the study period. In the multiple-dose studies, laboratory tests were
generally repeated at weekly intervals. Since many of the children were seriously
ill, the underlying disorder and effects of concomitant therapy were taken into
consideration in the assessment of the relationship of laboratory abnormalities to
treatment.

Fluconazole was evaluated at dosages ranging from 1 to 12 mg/kg of body
weight once daily (Table 3). The majority of children (66%) received 3 mg/kg
(prophylactic dose), equivalent to an adult dose of 100 mg, while 33% received
6 to 12 mg/kg (treatment dose), equivalent to 200 to 400 mg in an adult. Most

children (88%) were given multiple doses over several days; the remainder
received a single dose. The mean duration of therapy at a dose of 3 mg/kg was
3 weeks. Fluconazole was administered predominantly as an oral suspension
(81%) or an intravenous injection (18%).

RESULTS

Data for 562 children treated with fluconazole are pre-
sented. More male than female patients were recruited; their
ages ranged from premature neonatal age to age 17 years
(Table 4).

Side effects. Overall, 58 (10.3%) fluconazole-treated patients
reported 80 treatment-related side effects (Table 5). The most
common side effects were associated with the gastrointestinal
tract (7.7% of children), with vomiting (24 patients), diarrhea
(12 patients), abdominal pain (10 patients), and nausea (4
patients) being the most frequent symptoms. The only other
system with a greater than 1.0% incidence of side effects was
the skin (1.2% of children). Three patients had an unspecified
rash, two had an erythematous rash, one had pruritus, and one
had a maculopapular rash. Side effects involving the special
senses comprised taste perversion (four patients) and deafness
(one patient). One case of purpura was reported.

Three treatment-related side effects associated with the liver
and biliary system were reported. All occurred in children with
leukemia who received fluconazole at 3 mg/kg as prophylaxis
during chemotherapy-induced neutropenia. The first patient, a
2-year-old boy, showed transient elevations in aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT) lev-
els during fluconazole therapy. The second patient, a 9-year-
old girl, developed hepatomegaly with moderate but sustained
increases in AST and ALT levels; the condition resolved dur-
ing follow-up. Jaundice and a small increase in serum bilirubin
levels in the third patient, a boy aged 2 1/2 years, returned to
normal during continued treatment. In all three patients, che-
motherapy was also implicated as a possible cause of hepato-
toxicity.

A total of 59 deaths occurred either during treatment or
within 11 days of the cessation of treatment with fluconazole.
None of the deaths was attributable to fluconazole therapy.

Almost all (98.6%) of the patients who were treated with
fluconazole also received concurrent additional therapy. These
most frequently consisted of other antimicrobial agents, corti-
costeroids, chemotherapeutic agents, immunosuppressants,
and agents to relieve nausea and vertigo. No clinical or labo-
ratory evidence of drug interaction with fluconazole was evi-
dent in these trials.

Overall, 18 of 562 patients (3.2%) treated with fluconazole

TABLE 2. Details of therapeutic studiesa

Study
no.

No. of centers,
location Underlying diagnosis Indication

Fluconazole dosage
(mg/kg/day), route
of administration

Comparator(s)

178 32, USA Immunocompromise Oropharyngeal candidiasis 2 or 3, p.o.b Nystatin, 1,600,000 U, p.o.
368 1, France HIV infection Prophylaxis 1, p.o. Ketoconazole, 5 mg/kg, p.o.
369 1, UK Prematurity Prophylaxis 1, p.o. or i.v. Nystatin, 400,000 U, p.o.

370 7, Europe HIV infection Oropharyngeal candidiasis 2 or 3, p.o. Ketoconazole, 3.5 or 7 mg/kg, p.o.

372 12, Europe None Systemic fungal infection 6–12, p.o. or i.v. None
373 23, Europe and Canada Hematological or onco-

logical malignancy
Prophylaxis 3, p.o. Nystatin, 50,000 U/kg, p.o. or

amphotericin B, 25 mg/kg, p.o.

a Abbreviations: USA, United States; UK, United Kingdom; p.o., orally; i.v., intravenously; NA, not available; d, days.
b Loading dose of 4 or 6 mg/kg on first day of treatment.
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discontinued treatment due to side effects. Fourteen of these
withdrawals were considered to be related to therapy.

Higher doses of fluconazole did not appear to be associated
with a higher incidence of treatment-related side effects (Table
6). One case of vomiting was the only reported treatment-
related side effect among 20 children who received fluconazole
at 12 mg/kg.

Analysis of side effect data by age group was performed for
the following age categories: ,6 months, 6 months to 2 years,
2 to 5 years, 5 to 14 years, and $14 years (Table 5). None of the
42 infants who were younger than 6 months old developed any
side effects. For children who were older than 6 months, there
were no apparent differences in the incidence or pattern of
reported side effects with age.

Laboratory tests. Laboratory assessments included a com-
plete blood count and tests of hepatic and renal function.
Although clinically significant laboratory abnormalities were
common, the vast majority were considered to be related to
underlying diseases, concomitant medications, or intercurrent
illnesses. The number and percentage of patients with abnor-
mal laboratory test results that were considered to be possibly
related to fluconazole therapy are shown in Table 7. Flucon-
azole did not have a clinically significant or consistent effect on
any of the laboratory parameters. The most frequently re-
ported (i.e., $2%) treatment-related laboratory test abnormal-
ities were elevated ALT (4.9%), AST (2.7%), and alkaline
phosphatase (2.3%) levels. Liver function abnormalities were
usually transient, with the test results generally returning to
normal values during therapy or after completion of the study.

Two children (0.4%) discontinued fluconazole treatment be-
cause of laboratory parameter abnormalities; both patients had
elevated levels of AST and ALT. One of these patients was a
9-year-old girl with lymphoblastic leukemia who received flu-

conazole at a dose of 2 mg/kg for 5 days. The other patient, a
10-year-old boy with a diagnosis of alveolar rhabdomyosar-
coma, received a dose of 8 mg/kg for 6 days. In both patients,
liver function test results were returning toward normal at the
final assessment.

Comparative studies. The safety profile of fluconazole was
compared with those of other antifungal agents by using data
from five controlled studies (9, 14, 20). Three hundred eighty-
two children received fluconazole. Of the 381 patients in a
comparable group, most were treated with the oral polyenes
amphotericin B and nystatin (n 5 352; 92.4%), and a few
received ketoconazole (n 5 29; 7.6%). The age distributions
and dosing durations for the fluconazole-treated and the com-
parison groups were well matched. In both groups, the majority
of patients were ages 5 to 14 years (fluconazole-treated group,
46.6%; comparison group, 48.0%) or 2 to 5 years (fluconazole-
treated group, 28.3%; comparison group, 30.7%). About two-
thirds of the patients received therapy for at least 7 days and
less than 28 days (fluconazole-treated group, 65.7%; compar-
ison group, 64.6%). The maximum durations of treatment
were 129 days for the fluconazole-treated group and 134 days
for the comparison group.

Side effects were reported by more patients who received
fluconazole than by patients who received the other agents
(11.8 versus 6.6%; Table 8). The types of side effects reported
were similar to those who received fluconazole and those who
received other drugs; vomiting and diarrhea were the most
common symptoms in both groups. Withdrawal due to side
effects was reported for 15 of 382 patients (3.9%) who received
fluconazole, 4 of 352 patients (1.1%) who received oral poly-
enes, and 1 of 29 patients (3.4%) who received ketoconazole.
Withdrawal was considered to be drug related in 12 patients
who received fluconazole and 3 treated with oral polyenes.

In general, the incidence of treatment-related laboratory
abnormalities was similar in both groups (Table 9). Liver func-
tion abnormalities occurred at similar frequencies in groups
treated with fluconazole and the oral polyenes. Although the

TABLE 3. Dosages and durations of treatment for total patient
population treated with fluconazole

Dosage
(mg/kg/day)

No. of
patientsa

Treatment duration (days)

Mean Range

1 20 37 1–129
2 62 8 1–50
3 372 21 1–89
4 44 7 1–97
6 102 4 1–45
8 66 7 1–42

12 20 8 1–24

a Some patients received fluconazole at more than one dosage.

TABLE 4. Total patient population treated with fluconazole

Sex
No. (%) of patients of the following ages:

Total ,6 mo 6 mo–2 yr 2–5 yr 5–14 yr $14 yr

Male 323 23 40 72 168 20
Female 239 19 38 61 105 16

Total 562 42 (7.5) 78 (13.9) 133 (23.7) 273 (48.6) 36 (6.4)

TABLE 2—Continued

Mean duration of therapy
[days (range)] No. of patients Mean age

(range)
Reference

Fluconazole-treated
group

Comparison
group

Fluconazole-treated
group

Comparison
group

Fluconazole-treated
group

Comparison
group

13 (1–29) 12 (2–27) 94 88 5.1 yr (NA) 5.3 yr (NA) Flynn et al. (9)
90 (53–129) 68 (8–134) 6 7 5.8 yr (1–12 yr) 3.7 yr (0–7 yr) Pfizer, Inc. (21a)
13 (1–18) (p.o.) and

16 (14–19) (i.v.)
18 (15–35) 7 (p.o.) and

6 (i.v.)
7 17.9 d (5–47 d) (p.o.)

21.2 d (9–38 d) (i.v.)
9.9 d (6–20 d) Pfizer, Inc. (21a)

14 (6–33) 16 (5–49) 24 22 4.6 yr (0–14 yr) 3.8 yr (0–12 yr) Hernández-Sampelayo
et al. (14)

20 (5–162) 51 5.3 yr (0.1–17 yr) Presterl et al. (23)
28 (1–89) 29 (1–112) 245 257 6.8 yr (0–17 yr) 6.8 yr (0–17 yr) Ninane et al. (20)
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incidence of elevated AST and ALT levels appeared to be
higher (approximately double) for the ketoconazole-treated
group than for the groups treated with fluconazole and the oral
polyenes, the number of patients who received ketoconazole
was small.

DISCUSSION

Fluconazole was well tolerated by the study population of
562 children, many of whom were suffering from severe un-
derlying disease such as HIV infection or hematological or
oncological malignancies. The predominant reported side ef-
fects were gastrointestinal symptoms. In patients undergoing
treatment for cancer, side effects such as nausea and vomiting
may have been associated with the administration of chemo-
therapy or radiotherapy. The incidence and pattern of side
effects were similar in all age groups and did not appear to be
related to dose over the range studied. Both the most common
dose of 3 mg/kg (equivalent to 100 mg in a 70-kg adult) and the
highest dose of 12 mg/kg (equivalent to 400 mg in a 70-kg
adult) were well tolerated, albeit by a small number of patients
treated with the higher dose. These data confirm the favorable
tolerability and safety profile observed in other published stud-
ies of fluconazole used in children (4–8, 17, 18, 25, 26).

Dosage recommendations for fluconazole in pediatric pa-
tients have been established on the basis of pharmacokinetic
studies involving more than 100 children (1). The volume of
distribution and elimination rate in pediatric patients differed
significantly from the values reported for adults (2, 3). The
volume of distribution varied with age, being greatest in neo-

nates and decreasing by young adulthood to a value approach-
ing that for adults. With the exception of neonates, elimination
was generally more rapid in children than in adults, with a
mean plasma elimination half-life of about 20 h for all pediat-
ric age groups. In neonates and premature babies, however,
fluconazole was eliminated slowly, with a mean elimination
half-life of 88.6 h at birth, decreasing to 55.2 h at age 2 weeks.
Appropriate dosage recommendations for pediatric patients
have been developed to ensure that the concentrations at-
tained in the plasma of children are comparable to those seen

TABLE 5. Nature and incidence of treatment-related side effects in
children treated with fluconazole, by age group

Organ system
affected

No. (%) of
patients
with side

effects

No. of side effects by age group

6 mo–2 yr
(n 5 78)

2–5 yr
(n 5 133)

5–14 yr
(n 5 273)

$14 yr
(n 5 36)

Totala

(n 5 562)

Total 58 (10.3) 8 17 44 11 80

Gastrointestinal 43 (7.7) 6 10 34 7 57
Skin 7 (1.2) 1 2 2 2 7
Special sensesb 5 (0.9) 0 0 3 2 5
Liver and biliary 3 (0.5) 1 1 1 0 3
Cardiovascular 2 (0.4) 0 0 2 0 2
Central and

peripheral
nervous

2 (0.4) 0 1 1 0 2

Respiratory 1 (0.2) 0 2 0 0 2
Hemopoietic 1 (0.2) 0 1 0 0 1
General 1 (0.2) 0 0 1 0 1

a No side effects were reported in infants aged less than 6 months (n 5 42).
b Taste perversion (four patients) and deafness (one patient).

TABLE 6. Incidence of treatment-related vomiting and diarrhea in
children treated with fluconazole, by dose group

Dose
(mg/kg)

No. (%) of patients

Total Vomiting Diarrhea

2 62 3 (4.8) 1 (1.6)
3 372 16 (4.3) 9 (2.4)
4 44 0 1 (2.2)
6 102 1 (0.9) 0
8 66 3 (4.5) 1 (1.5)

12 20 1 (5.0) 0

TABLE 7. Nature and incidence of treatment-related laboratory
abnormalities in children treated with fluconazole

Parameter No. of patients
tested

No. (%) of patients
with abnormalitiesa

Hematology
Hemoglobin concn 547 4 (0.7)
Leukocyte count 542 0
Neutrophil count 473 0
Eosinophil count 470 6 (1.3)
Platelet count 539 5 (0.9)

Hepatic function
AST (SGOTb) level 490 13 (2.7)
ALT (SGPTc) level 472 23 (4.9)
Alkaline phosphatase level 428 10 (2.3)
Total bilirubin concn 405 5 (1.2)

Renal function
Blood urea nitrogen concn 193 1 (0.5)
Urea concn 13 0
Creatinine concn 525 0

a Laboratory abnormalities were not necessarily reported as side effects.
b SGOT, serum glutamic oxalacetic transaminase.
c SGPT, serum glutamic pyruvic transaminase.

TABLE 8. Nature and incidence of treatment-related
side effects in comparative studies

Group or parameter

No. (%) of patients

Fluconazole-
treated group

Comparison
group

All patients assessed 382 381
Patients with side effects 45 (11.8)a 25 (6.6)a

Patients withdrawn because of side effects 15 (3.9) 5 (1.3)

Total side effects 57 33

Gastrointestinal system
Vomiting 16 (4.2) 12 (3.1)
Diarrhea 11 (2.9) 7 (1.8)
Abdominal pain 9 (2.4) 4 (1.0)
Other gastrointestinal 10 5

Skin 5 0

Liver and biliary 3 0

Respiratory 2 2

Central and peripheral nervous 1 1

Musculoskeletal 0 2

a Chi-square test value 5 6.234 (P value , 0.02).
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in the plasma of adults receiving currently recommended dos-
ages.

Although fluconazole is not metabolized extensively by the
liver, hepatotoxicity is a potential concern, particularly in very
young or premature infants with suboptimal liver function. The
results reported here, however, provide no evidence of signif-
icant drug-induced hepatotoxicity. Only three children (0.5%)
had side effects related to the liver, and in all patients the
symptoms resolved during continued treatment or follow-up.
Transient increases in liver enzyme levels were identified in
fewer than 5% of patients.

The data obtained in studies with adult and pediatric pop-
ulations are not strictly comparable due to differences in the
protocols, patient populations, and dosage regimens. Never-
theless, these results suggest that the pattern and incidence of
side effects and laboratory abnormalities seen in children
treated with fluconazole are analogous to those seen in adults.
There were no indications of any unexpected safety concerns
specifically related to children.

In conclusion, fluconazole was well tolerated in the pediatric
population examined in this study. Many of the children were
suffering from severe underlying disease and were taking a
variety of concomitant medications. The safety profile of flu-
conazole in children mirrors the excellent safety profile seen in
adults.
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treatment of mycotic infection in children. Int. J. Exp. Clin. Chemother.
4:219–223.

6. Ehninger, G., H. K. Schuler, and E. Sarnow. 1996. Fluconazole in the
prophylaxis of fungal infection after bone marrow transplantation. Mycoses
39:259–263.

7. Fasano, C., J. O’Keefe, and D. Gibbs. 1994. Fluconazole treatment of chil-

TABLE 9. Nature and incidence of treatment-related laboratory abnormalities in comparative studies

Parameter

Fluconazole Oral polyenes Ketoconazole

No. of patients
tested

No. (%) of patients
with abnormalitiesa

No. of patients
tested

No. (%) of patients
with abnormalitiesa

No. of patients
tested

No. (%) of patients
with abnormalitiesa

Hematology
Hemoglobin concn 373 2 (0.5) 343 1 (0.3) 23 0
Leukocyte count 375 0 344 0 25 1 (4.0)
Neutrophil count 320 0 302 0 20 0
Eosinophil count 324 4 (1.2) 308 2 (0.6) 19 0
Platelet count 372 4 (1.1) 342 0 24 0

Hepatic function
AST (SGOTb) level 333 8 (2.4) 309 10 (3.2) 20 1 (5.0)
ALT (SGPTc) level 316 18 (5.7) 289 17 (5.9) 19 2 (10.5)
Alkaline phosphatase level 291 8 (2.7) 274 3 (1.1) 14 0
Total bilirubin concn 284 3 (1.1) 276 4 (1.4) 13 0

Renal function
Blood urea nitrogen concn 88 0 83 0 0 0
Creatinine concn 357 0 324 0 15 0

a Laboratory abnormalities were not necessarily reported as side effects.
b SGOT, serum glutamic oxalacetic transaminase.
c SGPT, serum glutamic pyruvic transaminase.
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