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ABSTRACT

BACKGROUND

Chronic granulomatous disease is a rare disorder in which the phagocytes fail to pro-
duce hydrogen peroxide. The patients are predisposed to bacterial and fungal infec-
tions. Prophylactic antibiotics and interferon gamma have reduced bacterial infec-
tions, but there is also the danger of life-threatening fungal infections. We assessed the
efficacy of itraconazole as prophylaxis against serious fungal infections in chronic
granulomatous disease.

METHODS

Thirty-nine patients at least 5 years old (6 female and 33 male; mean age, 14.9 years)
were enrolled in a randomized, double-blind, placebo-controlled study. After the ini-
tially assigned treatment, each patient alternated between itraconazole and placebo an-
nually. Patients 13 years of age or older and all patients weighing at least 50 kg received
a single dose of 200 mg of itraconazole per day; those less than 13 years old or weigh-
ing less than 50 kg received a single dose of 100 mg per day. The primary end point was
severe fungal infection, as determined by histologic results or culture.

RESULTS

One patient (wWho had not been compliant with the treatment) had a serious fungal in-
fection while receiving itraconazole, as compared with seven who had a serious fungal
infection while receiving placebo (P=0.10). No patient receiving itraconazole but five
patients receiving placebo had a superficial fungal infection. No serious toxic effects
were noted, although one patient had a rash and another had elevated results on liver-
function tests; both of these effects resolved with the discontinuation of itraconazole.

CONCLUSIONS
Itraconazole prophylaxis appears to be an effective and well-tolerated treatment that
reduces the frequency of fungal infections in chronic granulomatous disease, but
monitoring for long-term toxic effects is warranted.
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ITRACONAZOLE PROPHYLAXIS IN CHRONIC GRANULOMATOUS DISEASE

HRONIC GRANULOMATOUS DISEASE

of childhood is a rare group of inherited

disorders of phagocytic cells characterized
clinically by recurrent life-threatening infections
and excessive granuloma formation.* Phagocyte mi-
gration and phagocytosis are normal, butkilling of
microorganisms is impaired because of defective
production of hydrogen peroxide and related prod-
ucts of oxygen metabolism. A variety of biochemi-
cal defects lead to the disorder.

The current mortality rate is 2 to 5 percent per
year.2 In the absence of prophylaxis with antibi-
otics or interferon gamma, patients with chronic
granulomatous disease have severe infections due
to catalase-positive bacteria and fungi about once a
year. Prophylaxis with the combination antibiotic
trimethoprim-sulfamethoxazole has reduced the
incidence of serious bacterial infections to about
one every four years.3# Interferon gamma prophy-
laxis has reduced bacterial infections by an addi-
tional 70 percent.> Despite these reductions in the
incidence of bacterial infections with antibiotics and
interferon gamma, fungal infections remain a dif-
ficult problem, with an incidence of approximately
0.1 infection per patient per year.2¢ We performed
a study of the use of prophylactic oral itraconazole
to reduce the incidence of fungal infections in
chronic granulomatous disease.

METHODS

PATIENTS

Patients with chronic granulomatous disease were
followed at the National Institutes of Health Clini-
cal Center from 1991 through 2001. All patients or
their parents gave written informed consent, and
written assent was obtained from minors. The
diagnosis of chronic granulomatous disease was
based on an abnormal nitroblue tetrazolium reduc-
tion test on phagocytes from the patient, less than
10 percent of normal neutrophil and macrophage
oxidative metabolism (abnormal superoxide or hy-
drogen peroxide production), or both. The patients
were at least five years old and had not been taking
itraconazole or other systemic antifungal agents
for three months before entry into the study.

The patients had no evidence of active infection
at the time of enrollment. They had normal blood
counts, normal or stable results on chest radiogra-
phy, normal liver-function results and urinalysis,
and no signs of infection on physical examination.

Patients with confirmed fungal infection within
the preceding 12 months were ineligible.

The patients could elect to receive interferon
gamma, but thosejustinitiating interferon gamma
were required to wait 30 days before they became
eligible for randomization. No patients began to
take interferon gamma during the study. Patients
with long-term granulomatous complications of
chronic granulomatous disease who were taking
low-dose corticosteroids (up to 5 mg of prednisone
every other day) at the time of enrollment continued
to take them throughout the study; patients receiv-
ing higher doses of corticosteroids were excluded.

STUDY MEDICATION

Itraconazole and placebo were provided by Janssen
Pharmaceutica under investigational-new-drug ap-
plication 36148; the company had no other in-
volvement in the study. The elimination half-life of
itraconazole in healthy adult volunteers is approxi-
mately 20 hours after a single dose and 30 hours af-
ter multiple doses.?-8 For patients younger than 13
years and weighing less than 50 kg, a single daily
dose 0f 100 mg was given with food or a carbonated
beverage. For all other patients, a single daily dose
0f 200 mg was given.

Before this study was initiated, the pharmacoki-
netics and tolerability of itraconazole in children
with chronic granulomatous disease were assessed
in five boys with chronic granulomatous disease
who were between five and eight years of age and
weighed 20 to 35 kg. Itraconazole was adminis-
tered orally as a 100-mg capsule (3 to 5 mg per kilo-
gram per dose) once per day for two weeks. Each
daily dose was given with food to maximize ab-
sorption.8-1° The mean plasma level of itracona-
zole plus its biologically active metabolite, hydroxy-
itraconazole, in the children was 0.373 pg per
milliliter after 14 days. No toxic effects were noted.
On the basis of these studies, a single daily dose of
100 mg was used for children less than 13 years of
age and weighing less than 50 kg.

Once the study was initiated, plasma drug levels
were determined on samples obtained two to four
hours after the dose at periodic study evaluations
and frozen at—80°C in 1-ml aliquots until use. The
levels of itraconazole and hydroxyitraconazole were
measured after completion of the study by com-
mercial high-performance liquid chromatography
(Mayo Medical Laboratories). The limit of detec-
tion with this assay was 0.3 pg per milliliter. For the
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purposes of plotting and computing means and
standard deviations, values below the detectable
level of 0.3 pg per milliliter were considered to be
0.15 pg per milliliter.

STUDY DESIGN

This was a double-blind study with sequential mon-
itoring, and only the pharmacy department held
the code. The patients were randomly assigned at
the time of enrollment to receive either itracona-
zole or placebo. The patients were switched to the
other therapy at annual clinic visits. The random-
ization was stratified according to whether the pa-
tient also received interferon gamma; at the time of
randomization, 34 patients were taking interferon
gamma. All patients received antibacterial pro-
phylaxis with trimethoprim—sulfamethoxazole, or
with trimethoprim alone or dicloxacillin alone if
they could not tolerate sulfa drugs.1* The patients
were evaluated at entry and at week 1 and week 2.
They were then monitored for any problems or
any signs of hepatotoxicity. Thorough evaluations
were conducted at the National Institutes of Health
every three to six months, and all infections were
recorded. Toxic effects and other adverse events
were scored according to protocol-specified cri-
teria.

MONITORING OF EFFICACY

A serious fungal infection was defined as an inva-
sive infection of the lung, bone, blood, or soft tis-
sue, with clear evidence of a fungal cause from his-
tologic studies or culture. Symptomatic superficial
dermatophyte infections involving only the skin or
nails that were not serious enough to warrant sys-
temic therapy with amphotericin B were identified
clinically by inspection. These infections were not
included in the primary analysis but were consid-
ered separately at the conclusion of the study to de-
termine the difference in their incidence between
the drug and placebo groups.

When a serious fungal infection was diagnosed
by histopathological or microbiologic techniques,
the treatment was recorded as a failure. The pa-
tient’s participation in the study then ended, and
the patient received all appropriate therapy, includ-
ing amphotericin B, surgery, or both, as clinically
indicated. If the study physicians determined that
in order to provide optimal care, it was necessary to
know whether a patient with a confirmed fungal
infection had received itraconazole or placebo, this

information was provided by the data monitor, and
the patient’s participation in the study ended. Other-
wise, neither the patient nor the study physician
knew when a patient received active drug until the
end of the study.

STATISTICAL ANALYSIS

A power calculation in the protocol specified that
the study would require approximately 100 patient-
years of follow-up. This was based on a historical
rate of serious fungal infection in patients with
chronic granulomatous disease of approximately
0.1 infection per patient per year, which would
suggest approximately five treatment failures in
the placebo group. Atapproximately one-year inter-
vals, each patient whose treatment had not yet
failed was switched to the other study treatment
(multiple crossover study). The sequential stop-
ping and analysis rule, mandated by the protocol
and originally described by Frank et al.,12 stated
that if the first five, or seven of the first eight, seri-
ous fungal infections were found in patients who
received placebo, it would have been shown that
significantly fewer serious fungal infections oc-
curred in the itraconazole group, and the study
would be terminated. Conversely, should two seri-
ous fungal infections be found in the itraconazole-
treated patients, no conclusion concerning efficacy
would be possible, and the study would be ter-
minated.12 For this sequential design, the calcu-
lated exact one-sided P value, if itraconazole were
demonstrated to be superior, would be 0.051. In
conformity with the Journal’s practice of reporting
two-sided P values, this has been converted to a
two-sided P value 0f 0.102.

A critical assumption in the design and analytic
approach was that the exposure of patients in the
placebo and itraconazole groups to possible fungal
infection was approximately equal. Two approach-
es were used to ensure that this criterion was met.
First, Efron’s biased-coin design was used to keep
the randomization tightly balanced.3 Using Efron’s
approach helped ensure that the number of pa-
tients whose first course of study treatment was it-
raconazole was very close to the number of patients
whose first course was placebo, while making it
difficult for either selection bias or accidental bias
to affect the validity of the trial results adversely.
Second, the difference between treatment groups
in the rate of patient dropout was assessed through-
out the study by the data-monitoring statistician.
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RESULTS

CHARACTERISTICS OF THE STUDY POPULATION
Thirty-nine patients with chronic granulomatous
disease were enrolled in the study. Accrual lasted
from October 1991 to March 2000. There were 6 fe-
male patients (15 percent) and 33 male patients (85
percent). The mean (£SD) age at the time of enroll-
ment was 14.9£10.4 years (range, 5.0 to 56.7), with
a median of 11.5 years. The disease was autoso-
mally inherited in 13 patients (33 percent) and
X-linked in 26 patients (67 percent).

PLASMA LEVELS OF ITRACONAZOLE

Thirty blood samples obtained from 11 courses of
treatment in patients receiving 100 mg of itraco-
nazole per day and 65 samples obtained from 32
courses of treatment in patients receiving 200 mg
per day were available for study. Of the 95 samples,
50 had no detectable levels of itraconazole (less
than 0.3 pg per milliliter), and 39 had no detectable
levels of the principal metabolite, hydroxyitracona-
zole (less than 0.3 pg per milliliter), a result consis-
tent with the findings in previous studies of pa-
tients receiving these doses.1* The plasma levels of
itraconazole and hydroxyitraconazole were higher
when the subjects were taking the drug than when
they were taking placebo (the median total drug
levels were 0.7 pg per milliliter [interquartile range,
0.3 to 1.3] for those taking 200 mg of itraconazole
per day, 0.4 pg per milliliter [interquartile range,
0.3 to 0.8] for those taking 100 mg of itraconazole
per day, and less than 0.3 pg per milliliter for those
taking placebo). Fifty-six of 95 samples obtained
while patients were taking the drug (59 percent)
had detectable levels of itraconazole, hydroxyitra-
conazole, or both, as compared with only 2 (from
one patient) of the 102 samples from patients tak-
ing placebo (2 percent); the 2 samples with low lev-
els of itraconazole (0.6 pg and 0.5 pg per milliliter)
from one patient taking placebo were probably due
to either carryover drug from a prior cycle or lack of
adherence to the treatment regimen. There was no
significant difference in the plasma levels of itra-
conazole or hydroxyitraconazole between patients
taking 200 mg of itraconazole per day and those
taking 100 mg per day.

The 39 patients enrolled in the study received 61
courses of itraconazole and 63 courses of placebo.
Eight patients (seven receiving placebo and one re-
ceiving itraconazole) were withdrawn from the

Table 1. Serious Fungal Infections.
Time from
Patient Age Randomization
No. (yr) Sex (yr) Genotype
Itraconazole
3 19 M 3.7 p47phox  Aspergillus fumigatus
pneumonia
Placebo
7 16 M 5.1 gp9lphox A fumigatus pneu-
monia
13 5 M 0.1 gp9lphox  Aspergillus species
pneumonia
15 16 M 5.9 gp91phox A nidulans pneumonia
28 7 M 0.3 gp91phox A nidulans pneumonia
32 10 M 3.7 gp91phox  Paecilomyces lilacinus
soft-tissue abscess
34 25 M 43 gp91phox  Fungal pneumoniat
37 16 M 0.4 gp9lphox  Aspergillus species
pneumonia

* |traconazole therapy failed in Patient 3, but the return of unused medication

indicated that he probably was not taking the drug.

T Fungal elements were identified on lung biopsy, with no growth in culture.

study because of serious fungal infections (Table 1),
and three were withdrawn because of adverse events
(Table 2). Other patients were withdrawn because of
death from a bacterial infection (Table 3), transition
to another protocol, pregnancy, or noncompliance
(8 receiving placebo and 10 receiving itraconazole).
No patients were lost to follow-up or unaccounted
for at the termination of the study. The study reached
a prespecified termination point for a one-sided
type I error of 0.05 when the eighth therapy failure
due to serious fungal infection occurred; seven of
the eight fungal infections occurred in patients re-
ceiving placebo. Thus, at the termination of the
study there had been one serious fungal infection
for 61 courses of itraconazole and seven serious
fungal infections for 63 courses of placebo (Table 1)
(P=0.10). Seven patients had serious fungal infec-
tions in the lungs, and one patient had a serious fun-
gal infection in the soft tissue (Table 1). Of the sev-
en patients in the placebo group who had a serious
fungal infection, only one was over 18 years old.
There was no significant difference in the number
of fungal infections between patients receiving in-
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Table 2. Adverse Events.*
Event Itraconazole Placebo P Valuey
no. of events (no. of patients)
Headache 5 (4)% 4(3) 0.96
Fever 0 3(3) 0.26
Rash 43)% 2(2) 0.65
Fatigue 0 1 1.00
Diarrhea 0 1 1.00
Vomiting 0 1 1.00
Weight loss 1 0 0.98
Increased liver-function values 13 0 0.98
Abdominal pain 1 3(2) 0.64
Inflammatory process requiring 0 4 (3)§ 0.13
corticosteroids

Superficial dermatophyte infection 0 5(5) 0.06
Serious bacterial infection 10 (7) 9(8)9 0.94

* Thirty-nine patients were treated with 61 courses of itraconazole and 63 cours-

es of placebo.

T P values were calculated with the use of a two-sided Fisher’s exact test.

I One patient with headache, one with rash, and one with increased liver-func-
tion values were withdrawn from the study.

§ In the placebo group, the four inflammatory processes in three patients were

granulomatous col
gastric granuloma.

itis (two episodes, one patient), bladder granuloma, and

9§ One patient died from disseminated Chromobacterium violaceum infection.
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terferon gamma and those not receiving it (six infec-
tions in 34 patients receiving interferon gamma, and
two infections in 5 patients not receiving interferon
gamma). The itraconazole group also had fewer
clinically diagnosed superficial fungal infections.
No such infections were observed in 61 courses of
itraconazole, as compared with five infections in
63 courses of placebo (P=0.06).

To assess whether the results could have been
substantially affected by any difference between
the itraconazole and placebo groups in exposure to
possible fungal infection, the total number of pa-
tient-days for itraconazole and placebo was calcu-
lated from actual drug-dispensing information
from the pharmacy department of the National In-
stitutes of Health Clinical Center. Patient exposure
in the two courses was in close balance, with
20,000 days for patients receiving itraconazole and
21,253 days for those receiving placebo (an overall
difference of 6 percent). Thus, whereas the power
analysis at study design anticipated 100 patient-

N ENGL J MED 348;24 WWW.NEJM.ORG

years, the total patient follow-up under both treat-
ment regimens at completion of the study was ap-
proximately 113 patient-years.

ADVERSE EVENTS

Few major toxic effects were attributed to itracona-
zole (Table 2). A rash in one patient receiving itra-
conazole required discontinuation of the drug and
removal of the patient from the study; the rash
cleared when the drugwas stopped. One patient re-
ceiving itraconazole had increased liver-function
values (133 IU of alanine aminotransferase per li-
ter, 155 IU of aspartate aminotransferase per liter,
2471U of alkaline phosphatase per liter, and 690 IU
of lactate dehydrogenase per liter), requiring dis-
continuation of the drug and removal from the
study; the values returned to normal eight weeks
after discontinuation of the drug. In one patient re-
ceiving itraconazole, the drug was discontinued
because of headache, which resolved after discon-
tinuation. There was no relation between high plas-
ma drug levels and toxicity in the three patients
with itraconazole-related adverse events. In addi-
tion, there was no apparent association between
granulomata and fungal infection; in the three pa-
tients who had granulomatous complications re-
quiring corticosteroids, one had an associated fun-
gal infection and two did not.

Itraconazole had no effect on serious bacterial
infections. There were 10 serious bacterial infec-
tions in seven patients receiving itraconazole and
9 serious bacterial infections in eight patients re-
ceiving placebo (P=0.94) (Table 3). One patient re-
ceiving placebo died from disseminated Chromobac-
terium violaceum infection.

DISCUSSION

Although prophylactic trimethoprim—sulfameth-
oxazole reduces the incidence of life-threatening
bacterial infections in patients with chronic granu-
lomatous disease from about one per year to about
one every four years,34 and interferon gamma fur-
ther reduces the incidence of such infections by
about 70 percent,> fungal infections remain a ma-
jor problem for these patients.2 The well-tolerated
oral antifungal agent itraconazole has been shown
to be useful in treating superficial fungal infec-
tions!> and in treating invasive pulmonary asper-
gillosis in patients with hematologic cancers,
chronic granulomatous disease, and the acquired
immunodeficiency syndrome.16-18 Prophylactic it-
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Table 3. Serious Bacterial Infections.
Itraconazole Placebo
Patient Patient
No. Sex Genotype Infection No. Sex Genotype Infection
5 M gp9lrhox  Pneumonia* 6 M gp9lphox  Pneumonia (nocardia)
10 M gp9lphox  Rectal abscess™ 7 M gp9lphox  Pneumonia*
10 M gp9lrhox  Adenitis* 10 M gp9lrhox  Orbital cellulitis*
10 M gp9lphox  Clostridium difficile diarrhea 10 M gp9lphox  C. difficile diarrhea
11 M gp9lrhox  Pneumonia* 11 M gp9lphox  Cellulitis*
18 F p47phox  Soft-tissue abscess (thigh)* 12 F p47phox  Pneumonia*
18 F p47phox  Soft-tissue abscess (breast)* 17 M p47phox  Sepsis (Chromobacterium
violaceum)
23 F p47phox  Soft-tissue abscess* 31 M gp9lphox  Pneumonia*
26 M pp9lphox  Soft-tissue abscess* 38 M gp9lphox  Liver abscess (Staphylo-
coccus aureus)
31 M gp9lphox  Pneumonia (Serratia marcescens)

* The diagnoses of infections without organisms listed were based on radiographic and clinical findings, with negative cul-

tures and no organisms seen microscopically.
T The infection was fatal.

raconazole also reduces the incidence of invasive
pulmonary aspergillosis in high-risk patients with
neutropenia.®®

The findings in our double-blinded, random-
ized, placebo-controlled study suggest that itraco-
nazole is highly effective in preventing both seri-
ous and superficial fungal infections in patients
with chronic granulomatous disease and that its
long-term use is well tolerated, with minimal side
effects. Indeed, the only serious fungal infection in
patients taking itraconazole occurred in a patient
who had probably stopped taking the medication,
as judged by the return of unused medication and
by careful review of his adherence to the treatment
regimen. This case was included as a treatment
failure in the intention-to-treat analysis, but if the
patient had adhered to the regimen, it is possible
that there would have been no serious fungal infec-
tions in patients taking itraconazole. Despite the
inclusion of this patient in the final analysis, the
study’s one-sided stopping criterion to show that
itraconazole significantly reduces fungal infections
in chronic granulomatous disease was just met
(P=0.051).

The minor toxic effects of rash, increased liver-
function values, and headache (each in one patient)
were reversed on discontinuation of the drug. Con-

gestive heart failure has occurred in patients tak-
ing itraconazole,20 but it did not occur in any of
the patients in this study. As expected, itraconazole
prophylaxis had no benefitin reducing bacterial in-
fections in patients with chronic granulomatous
disease.

Although 50 of 95 plasma samples had no de-
tectable levels of itraconazole and 39 had no detect-
able levels of hydroxyitraconazole, a clinical ben-
efit was still demonstrated. A similar beneficial
effect, despite low plasma levels, was observed in
patients with neutropenia and acute leukemia who
were treated with itraconazole to prevent invasive
gingival aspergillosis.1* The clinical efficacy of it-
raconazole, despite the absence of detectable plas-
ma levels in many patients, is not surprising, since
the high lipophilicity of itraconazole results in ex-
tensive tissue distribution, with levels many times
higher in the tissues than in plasma.8 The strong
clinical efficacy, with no detectable plasma levels in
nearly half the patients, suggests that monitoring
of plasma drug levels is not routinely indicated.

This prospective trial of antifungal prophylaxis
in patients with a primary immunodeficiency shows
that itraconazole therapy is effective and safe in
children and adults and does not result in the de-
velopment of clinically significant resistance when
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used for a prolonged period. When added to antibi-
otics and interferon gamma, itraconazole should
markedly reduce the greatest remaining cause of
mortality in chronic granulomatous disease. We
suggest that itraconazole prophylaxis should be

added to the treatment regimens for all patients therapy.
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