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We conducted a prospective, open study of oral itraconazole therapy (5 and 
then 10 mg/kg per day)  to assess tolerance and potential eff icacy in prevent- 
ing fungal infections in patients with chronic granulomatous disease. Thirty-two 
patients were enrolled in one center between 1985 and 1991. Tolerance was ex- 
cellent in all cases. Poor compliance was suspected in three cases. Two patients 
were excluded from efficacy analysis because itraconazole was used as part 
of therapy for pulmonary aspergillosis. Of 30 patients, 3 developed a fungal 
(Aspergillus) lung infection, an incidence 3.4/100 patient-years versus 11.5 in a 
historical control group that did not receive any prophylaxis (p = 0.13) and 9.55 
in a historical group of patients who received daily ketoconazole prophylaxis 
(p = 0.19). The percentage of patients infected with Aspergilluswas significantly 
different: 10% in the itraconazole group versus 34.4% in the untreated group 
(p = 0.013). These results require further evaluation through a comparative ran- 
domized trial to assess the possible benefit of itraconazole prophylaxis in pa- 
tients with chronic granulomatous disease. (J PEDIATR 1994;125:998-1003) 

Patients with chronic granulomatous disease have frequent 
bacterial and fungal infections that are often life threaten- 
ing. 13 Continuous prophylaxis with trimethoprim-sul- 
famethoxazole has been shown to be effective in reducing 
the frequency of bacterial infections, but ketoconazole has 
failed to provide any protection against Aspergillus infec- 
tions.a, s A recent controlled trial with interferon gamma, 
given subcutaneously three times a week for 1 year, dem- 
onstrated a reduction in the frequency of severe infections, 
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although the effect appeared more pronounced in the 
United States than in Europe. 6, 7 

Aspergillus infections are now responsible for most 
deaths among patients with CGD. 4, 8, 9 Itraconazole is a new 
oral triazole preparation that is active against Aspergillus 
spp, in vitro and in vivo. l~ Several authors have demon- 

I CGD Chronic granulomatous disease I 

strated that itraconazole is effective in the treatment of 
adults with Aspergillus infections. 1315 Nine children with 
CGD have been successfully treated with itracona-zole for 
invasive aspergillosis 16-1s (Mantalenaki-Lambron K.: per- 
sonal communication, 1990). This report describes the re- 
sults of a prospective open study assessing the tolerance to 
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and efficacy of long-term itraconazole prophylaxis against 
fungal infections in patients with CGD. 

M E T H O D S  

Patients. Every patient with CGD who was followed at 
H6pital des Enfants Malades, Paris, was included in this 
trial. The diagnosis of CGD was based on personal and 
family history and confirmed by laboratory tests: defective 
reduction of nitrobtue tetrazolium, impaired bacterial kill- 
ing, absence of stimulated oxygen consumption, absence of 
superoxide formation, impaired chemiluminescence pro- 
duction by neutrophils, and absence of granulocyte cy- 
tochrome b559. The mode of inheritance was determined 
according to family history and by the study of parental 
granulocytic functions. An X-linked inheritance was dem- 
onstrated in 19 patients and autosomal recessive inheritance 
in 8; in 3 cases the mode of inheritance could not be deter- 
mined. 

Treatment. Itraconazole capsules (50 and 100 mg) were 
to be swallowed unopened according to the manufacturer's 
recommendation, but they were opened for some children 
and the content was administered with food. Thus in eight 
patients the initial dosage of 5 mg/kg per day was increased 
to 10 mg/kg per day after October 1987 to achieve adequate 
plasma levels. In 24 children, itraconazole was given 
primarily as prophylaxis. In eight patients, it was first given 
with amphotericin B (and sometimes 5-flucytosine) for 
treatment of an Aspergillus infection, and then given as 
prophylaxis. For these patients, only the latter period was 
considered; the prophylaxis period was considered as start- 
ing 4 months after discontinuation of therapy with ampho- 
tericin B. During the trial, all patients were simultaneously 
cotreated with trimethoprim-sufamethoxazole (tri- 
methoprim, 5 mg/kg per day). Informed consent of the 
parents was obtained for each patient. Thirty-two patients 
(29 boys) were included in this trial between Oct. 1, 1985, 
and Oct. 1, 1991. They were followed for a mean of 34.8 
months (range, 6 to 64 months), for a total of 1079 patient- 
months. 

Efficacy of treatment. Initial analysis of the efficacy of 
itraconazole prophylaxis was made by retrospectively re- 
viewing the files of all our patients who were followed for 
CGD. Three periods were considered. The first period (no 
prophylaxis) began at birth and ended when prophylaxis 
was initiated. The two other periods were defined according 
to the prophylaxis that was given. Some children were 
treated only with itraconazole; others received first keto- 
conazole and then itraconazole. We compared the itracon- 
azole group with the two other historical groups (no 
prophylaxis or ketoconazole) by estimating the number of 
Aspergillus infections per year, the percentage of infected 

patients in each group, and the delay in occurrence of As- 
pergillus infections. 

The itraconazole prophylaxis was categorized as a failure 
in case of occurrence of Aspergillus or other fungal infec- 
tion. The diagnosis was suspected on the basis of clinical 
signs and/or chest x-ray studies and computed tomography, 
and confirmed by isolation of fungi either by direct exam- 
ination or culture of endobronchial specimens after bron- 
choalveolar lavage. When no fungal agent was isolated, the 
diagnosis of aspergillosis was based on serologic tests and 
the presence of a pneumonopathy resistant to broad-spec- 
trum parenteral antibacterial therapy, and responsive to 
specific antifungal therapy. 

All patients were to be examined every 2 months (for 
practical reasons, examination was done every 3 to 6 
months), with special attention to pulmonary or bone 
infections. Roentgenography of the chest and blood tests, 
including measurements of serum IgE, specific Aspergillus 
serologic studies (electrosyneresis method), and specific 
anti-Aspergillus IgE (radioaUergosorbent test) were per- 
formed at least every 6 months. 

Measurements of plasma levels of itraconazole (by high- 
performance liquid chromatography) were made every 2 
months just before (time zero) and 4 hours after drug 
intake. The details of the measurement procedure have been 
published elsewhere. 19 

Tolerance, To evaluate tolerance to itraconazole, we re- 
corded all clinical events, and side effects were to be 
reported immediately. Blood tests, including blood cell 
counts, determination of serum sodium, potassium, chlo- 
ride, and creatinine levels, liver function tests, and determi- 
nation of total cholesterol and triglyceride levels, were to be 
performed every 2 months to assess biologic tolerance. The 
collection of endobuccal, skin, or any other organ specimens 
was not mandatory, but in case of suspected infection, all 
specimens were to be examined and cultured for fungi. Po- 
tential consequences of long-term administration of itra- 
conazole on growth were also analyzed. Five boys, having 
height-for-age more than 2 SD below the normal range at 
10.2 to 15 years, were evaluated for pubertal development 
and adrenocortical function. 

Statistical analysis. Qualitative variables were compared 
by means of the chi-square test, or the Fisher Exact Test 
when populations were fewer than five. Quantitative 
variables were compared by the Student t test. Analysis 
of the delay of occurrence of infections was made as 
for survival data, by the Kaplan-Meier method; the com- 
parison was made by the log-rank test. We compared 
patient groups two by two, taking into account the first in- 
fection's occurrence. All tests were made at the significance 
level of 5%. 
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Table  I. Aspergillus infection in patients with CGD 

N o  
Itracon- prophy- Ketocon- 

azole laxis azole 
( n =  30 (n = 64 (n = 31 

patients) patients) patients) 

Aspergillus infections 3* 24* 10 
(No.) 

Total follow-up 86.75 209.50 104.75 
(yr) 

Aspergillus infections 0.034 0.115 0.095 
per patient- 
year (No.) 

*p <0.02. 

R E S U L T S  

Efficacy of itraconazole prophylaxis. A fungal pulmonary 
infection was observed in five patients. In two patients, as- 
pergillosis occurred within 4 months after interruption of 
curative treatment by amphotericin B. One of them had 
pulmonary chest wall and subcutaneous involvement treated 
with amphotericin B for 4 months; the infection was not 
completely healed when prophylaxis with itraconazole was 
begun at a dosag e of 5 mg/kg per day. The other boy had 
been treated with amphotericin B (7 months), and the as- 
pergillosis recurred during itraconazole prophylaxis (5 
mg/kg per day). These two patients were excluded from the 
efficacy analysis because they did not fulfill the criteria of 
secondary prophylaxis. 

Three patients who fulfilled the inclusion criteria for 
prophylaxis acquired pulmonary aspergillosis despite an 
itraconazo!e dosage of 10 mg/kg per day. One 7-year-old 
boy had been treated for 2 years 9 months when a bilateral 
diffuse micronodular pneumonopathy caused by Aspergil- 
lus was diagnosed because of tachypnea and high fever; 2 
months before, plasma levels of itraconazole had been sat- 
isfactorY. After 4 months of amphotericin B treatment, a 
chest roentgenogram showed normal findings and the itra- 
conazole proi~hylaxis was resumed. Two years later the pa- 
tient's pulmonary condition was normal. 

In the second patient, pulmonary aspergillosis was diag- 
nosed when he was 1 month of age. He was successfully 
treated with amphotericin B, and itraconazole prophylaxis 
was started when he was 32 months of age and had normal 
findings on a chest roentgenogram. Nine months later, 
right-sided pleuritis was diagnosed. Despite broad-spec- 
trum antibiotherapy, a diffuse bilateral alveolar pneumon- 
opathy occurred, with cerebral and hepatic involvement. 
Aspergillus furnigatus was isolated after surgical pulmo- 
nary biopsy. The boy eventually recovered after a 4-year 
course of amphotericin B. 

In the third patient, the itraconazole treatment (10 

Table  II. Itraconazole levels before and after ingestion 
of drug 

%Patients 
Plasma level* with levels 

Dose (ng/ml)  <250 ng/ml 

Levels before ingestion 
5 mg/kg/day t60 + 230 (3) 66 
10 mg/kg/day 400 + 291 (29) 31 

Levels 2 to 5 hours after ingestion 
5 rng/kg/day 451 + 387 (11) 45 
10 mg/kg/day 794 + 465 (30) 13 

*Values are expressed as mean _+ SD, with number of patients in parenthe- 
ses. 

mg/kg per day) was started when she was 5 years of age. 
Blood tests showed low plasma itraconazole levels, but a 
higher dosage was not given. Ten months later, a right al- 
veolar pneumonopathy with pleuritis occurred. The patient 
was successfully treated with amphotericin B administered 
for 1 year. The previous failure was probably related to a 
lack of compliance, along with poor follow-up. 

Thus the incidence of aspergillosis was 3 (10%) of 30 

patients, or 0.034 infections per patient-year with a mean fol- 
low-up of 2 years 11 months (range, 6 months to 5 years 4 
months) (Table I). Of 24 patients with no history of Aspergil- 
lus infection, aspergillosis developed in two despite itracona- 
zole prophylaxis. Three of eight patients with a history of as- 
pergillosis had a relapse during itraeonazole therapy. 

To estimate the efficacy of itraconazole prophylaxis, we 
retrospectively reviewed the files of 64 patients with CGD 
who had been followed since 1965. We considered the pe- 
riod when they received no antifungal prophylaxis. These 64 
patients were followed for a total of 290 years 6 months 
(range, 1 month to 19 years 10 months; mean, 4 years 7 
months). Twenty-two patients (34.4%) had at least one 
fungal infection, and a total of 24 Aspergillus infections 
were recorded before any prophylaxis was started (i.e., 
0.115 infection per patient-year). Two patients had two in- 
fections. The comparison of no prophylaxis versus itracon- 
azole prophylaxis showed a significant reduction in the per- 
centage of infected patients (p = 0.013). However, no dif- 
ference was found in a comparison of the delay of occurrence 
of Aspergillus infection (p = 0.39 log-rank methods: Fig- 
ure). 

Among the 64 patients, 31 later received prophylaxis with 
ketoconazole at a dosage of 5 mg/kg per day, for a total of 
104 years 9 months (range, 6 months to 7 years 10 months; 
mean. 3 years 4 months). Ten infections were recorded in 
9 (29%) of these 31 patients (i.e., 0.095 Aspergillus infec- 
tion per patient per year). These results did not show a sig- 
nificant difference among the three groups in the percent- 
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Figure.  Probability of remaining free of Aspergillus infection in patients with CGD receiving either no prophylaxis 
(n = 64 patients), ketoconazole (n = 30 patients), or itraconazole (n = 30 patients). *p = 0.17, probe determined by log- 
rank test. 

ages of infected patients or the delay of occurrence of As- 

pergillus infections. No difference in the incidence of 
Aspergillus infections could be detected between patients 
with X-linked and those with autosomal recessive CGD, 
whether these patients received itraconazole or not. 

Analysis of tolerance. The clinical tolerance for itracon- 
azole was good. Neither the children nor their parents re- 
ported any clinical side effects, including clinical hepatitis, 
gastrointestinal disturbances, pruritus, or headache. The 
prophylaxis was not prematurely discontinued by any 
patient. Four patients had an increase of serum liver enzyme 
levels; in two of them a viral hepatitis was proved. The itra- 
conazole prophylaxis was discontinued until the enzyme 
values returned to prehepatitis levels, and was then resumed 
without recurrence. In the two other children, the increase 
was detected 2 and 6 months after the prophylaxis started. 
Serum levels of aspartate aminotransferase and alanine 

aminotransferase were 98/212 IU/L  and 60/86 1U/L, re- 
spectively (normal, 10 to 25 IU/L).  In both cases the en- 
zymes returned to pretreatment levels 2 months later, 
although the prophylaxis had been maintained. No biologic 

evidence of renal toxic effects was noted, and the serum 
concentrations of sodium, chloride, urea, and creatinine 
were unchanged throughout the trial, as were the total cho- 
lesterol and triglyceride values. Mild hypokalemia was de- 
tected in three patients who were cotreated with ampho- 
tericin B; it disappeared when the amphotericin B therapy 
was stopped. No variation of blood cell counts could be at- 
tributed to the itraconazole prophylaxis. During the long- 
term administration of itraconazole, no fungal strain other 

than Aspergillus was isolated. 
The evaluation of pubertal development and adrenocor- 

tical function in patients with slow growth showed normal 
results; growth hormone secretion and thyroid function 
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were normal. Concomitant levels of basal plasma cortisol 
and adrenocorticotropin hormones evaluated at 8 AM (n = 3 
patients), dehydroepiandrosterone sulfate (n = 4), preg- 
nenolone (n = 1), and luteinizing hormone (n = 3) were 
normal. All patients had bone age retardation, with a dif- 
ference of 2 to 4�89 years between chronologic and bone ages. 
In the 15-year-old boy, the short stature associated with a 
low plasma testosterone level led to brief testosterone ther- 
apy; a spontaneous increase in plasma testosterone values 
occurred later, while the patient was continuing prophylaxis 
with itraconazole. 

Pharmaeokineties.  The analysis of itraconazole blood 
levels showed that approximately 30% of the patients who 
were given 5 mg/kg per day had levels, either before or af- 
ter ingestion of the drug, less than 250 ng/ml, at which the 
prophylaxis is considered to be ineffective. When they were 
given 10 mg/kg per day, 25.5% had levels less than this limit 
(Table II). The low plasma levels observed are probably re- 
lated to the pharmaceutical form (capsules), which is not 
suitable for young children. 

D I S C U S S I O N  

Ingestion of itraconazole is well tolerated; the known ad- 
verse drug reactions include gastrointestinal disturbances, 
headache, and diarrhea. Hypokalemia and increased serum 
liver enzyme values have been reported, 2~ 2~ as have three 
cases of hepatitis .22 Our results are in accordance with these 
findings. A wider clinical experience is needed to confirm 
the absence of hepatic toxic effects during long-term treat- 
ment of children, because ketoconazole-induced hepatitis 
appears to be idiosyncraticY 

The emergence of resistant fungal strains was a major 
concern for our long-term prophylaxis, as has been de- 
scribed with other antifungal drugs. The isolation of strains 
of Candida albicans resistant to ketoconazole has been de- 
scribed in patients with chronic mucocutaneous candidiasis 
and acquired immunodeficiency syndrome who had relapses 
during prolonged treatment with ketoconazole. 24-27 Re- 

cently the emergence of resistant strains of C. albieans and 
the selection of resistant strains of Candida krusei and 
Candida glabrata were reported in immunocompromised 
patients receiving fluconazole, a new triazole. 28-32 Among 

our patients, no strain of resistant Candida spp was isolated, 
although prophylaxis was maintained for more than 3 years 
in several patients. 

High doses of ketoconazole (600 to 1200 mg) interfere 
with the synthesis of steroid hormones by inhibition of 17, 
20-1yase (testosterone) and 17a-hydroxylase (cortisol).33, 34 

This effect has been used to treat prostate cancer resistant 
to luteinizing hormone-releasing hormone analogs, Cushing 
syndrome, and "testo toxicosis." An effect 9 f triazoles on 
steroid hormones is less likely. Basal testosterone values 
were normal in 49 patients receiving 100 to 400 mg 

itraconazole per day. 35 However, one case of adrenocorti- 
cal insufficiency has been reported during fluconazole ther- 
apy, 36 and clinical and biologic signs of glucocorticoid de- 

ficiency were reported in one patient treated with 600 mg 
itraconazole daily. 37 Patients receiving 100 to 400 mg itra- 
conazole per day for 1 to 2 months had a normal adrenal 
response to corticotropin. 38 No effect on steroid hormones 
could be demonstrated in our patients, but the effect of 
itraconazole on glucocorticoid synthesis has to be evaluated 
in a larger population of patients before and during puberty. 
On the other hand, low doses of testosterone administered 
to boys with short stature and pubertal delay accelerate 
their growth and pubertal maturation without decrease of 
their final height. 39 

This open study indicates a possible reduction in fungal 
infections in the 30 patients receiving itraconazole. The in- 

cidence of aspergillosis in our historical control group was 
lower than that previously reported by Margolis et al. 5 and 
by our group, 4 which was 20 infections per 100 patient- 
years, and somewhat higher than in the placebo group of the 
interferon gamma study. 6 The estimated rate of aspergillo- 
sis during itraconazole prophylaxis (3.4 infections per 100 
patient-years) is equivalent to the incidence of 4.3 infections 
per 100 patient-years) among interferon gamma-treated 
patients. 6 These results are in accordance with (1) reports 
of successful control of aspergillosis by itraconazole therapy 
in patients with CGD, 16, 18 and (2) efficacy of itraconazole 

in lowering the rate of infections in neutropenic patients. 4~ 
Low blood levels of itraconazole (<250 mg/ml) were fre- 
quently observed after intake of a daily dose of 5 mg/kg. 
Kloss et al. 41 demonstrated the efficacy of an itraconazole 

dose of 16 mg/kg on central nervous system Aspergillus 
infection in a patient with CGD; in our experience, 5 to 10 
mg/kg failed to control ongoing Aspergillus infection in 
three patients with CGD. 

We advocate the further use of a daily dose of itracona- 
zole 10 mg/kg per day when itraconazole capsule formula- 
tion is administered in children with CGD. This preliminary 
study establishes the rationale for a comparative random- 
ized trial to assess the potential benefit of itraconazole. Be- 
cause the incidence of Aspergillus infections in CGD is ap- 
proximately 0.1 per year per patient, this will require a 
multicenter study conducted for several years. 
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