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Voriconazole in the treatment of aspergillosis,
scedosporiosis and other invasive fungal
infections in children
THOMAS J. WALSH, MD, IRJA LUTSAR, MD, TIMOTHY DRISCOLL, MD, BERTRAND DUPONT, MD,
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JOHN R. PERFECT, MD

Objective. To describe the safety and efficacy of
voriconazole in children treated within the com-
passionate release program.

Methods. Children received voriconazole on a
compassionate basis for treatment of an invasive
fungal infection if they were refractory to or

intolerant of conventional antifungal therapy.
Voriconazole was administered as a loading dose
of 6 mg/kg every 12 h iv on Day 1 followed by 4
mg/kg every 12 h iv thereafter. When feasible the
route of administration of voriconazole was
changed from iv to oral (100 or 200 mg twice a day
for patients weighing <40 or >40 kg, respective-
ly). Outcome was assessed by investigators at the
end of therapy or at the last visit as success
(complete or partial response), stable infection,
or failure, based on protocol-defined criteria.

Results. Sixty-nine children (ages 9 months to
15 years; median, 7 years) received voriconazole;
58 had a proven or probable fungal infection.
Among these 58 patients 27 had hematologic ma-
lignancies and 13 had chronic granulomatous
disease as the most frequent underlying condi-
tions. Forty-two patients had aspergillosis, 8 had
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scedosporiosis, 4 had invasive candidiasis and 4
had other invasive fungal infections. The median
duration of voriconazole therapy was 93 days. At
the end of therapy 26 patients (45%) had a com-
plete or partial response. Four patients (7%) had
a stable response, 25 (43%) failed therapy and 4
(7%) were discontinued from voriconazole be-
cause of intolerance. Success rates were highest
in patients with chronic granulomatous disease
(62%) and lowest in patients with hematologic
malignancies (33%). Two patients experienced
treatment-related serious adverse events (ulcer-
ated lips with rash, elevated hepatic transami-
nases or bilirubin). A total of 23 patients had
voriconazole-related adverse events, 3 (13%) of
which caused discontinuation of voriconazole
therapy. The most commonly reported adverse
events included elevation in hepatic transami-
nases or bilirubin (n � 8), skin rash (n � 8),
abnormal vision (n � 3) and a photosensitivity
reaction (n � 3).

Conclusion. These data support the use of vori-
conazole for treatment of invasive fungal infec-
tions in pediatric patients who are intolerant of
or refractory to conventional antifungal therapy.

INTRODUCTION
Invasive fungal infections are an important cause of

morbidity and mortality in immunocompromised chil-
dren, particularly those with hematologic malignan-
cies, stem cell transplantation, inherited immunodefi-
ciencies and acquired immunodeficiency.1–5 Candida
spp. and Aspergillus spp. constitute the leading causes
of opportunistic fungal infections in these patients.
However, less common but emerging fungal pathogens,
such as Scedosporium spp. and Fusarium spp., also are
increasingly reported as causes of life-threatening my-
coses.6–8

Despite recent advances in antifungal therapy, mor-
tality and morbidity from invasive fungal infections in
immunocompromised children remain high. For exam-
ple mortality of immunocompromised children with
invasive aspergillosis may exceed 85%.3, 4 Invasive
aspergillosis was the leading infectious cause of mor-
tality in children with chronic granulomatous disease.5

The current antifungal armamentarium to treat inva-
sive mycoses is limited to amphotericin B, its lipid
formulations, fluconazole and itraconazole. More re-
cently the echinocandin known as caspofungin was
approved in adults for treatment of invasive aspergil-
losis refractory to or intolerant of conventional antifun-
gal therapy. Each agent has its limitations of toxicity,
spectrum, bioavailability and acquisition cost.9, 10

Voriconazole is a member of a second generation of
antifungal triazoles with broad spectrum antifungal
activity, oral and parenteral bioavailability and a fa-

vorable safety profile in adults.11–14 However, little is
known about voriconazole in treatment of fungal infec-
tions in children. We therefore analyzed the antifungal
activity and safety profile of voriconazole in children
with invasive mycoses who were refractory to or intol-
erant of conventional antifungal therapy. To our
knowledge this is the first comprehensive report of the
use of voriconazole in a large cohort of pediatric pa-
tients with invasive fungal infections.

METHODS

Objective. The objective of this study was to de-
scribe within the compassionate use program the
safety and efficacy of open label voriconazole in the
primary treatment of invasive fungal infections caused
by pathogens for which there was no licensed therapy
or for the secondary treatment of invasive fungal infec-
tions in children who were either refractory to or
intolerant of approved systemic antifungal therapy.

Inclusion and exclusion criteria. Patients
younger than 16 years of age were required to have a
proven or probable invasive fungal infection caused by
a pathogen for which there is no currently licensed
treatment or evidence of failure and/or intolerance to
treatment with approved systemic antifungal agents.

Patients were considered refractory if there was
clinical or radiologic evidence of progressive infection
after �7 days of systemic antifungal therapy at ade-
quate dosages. Patients were defined as having intol-
erance or toxicity to treatment with an approved sys-
temic antifungal agent under the following
circumstances: (1) drug-related symptoms not amelio-
rated by palliative interventions; or (2) deterioration in
renal function.

Invasive fungal infection was required to be present
at baseline and documented within 4 weeks preceding
voriconazole therapy. A proven invasive fungal infec-
tion was defined by a positive culture or histologic
evidence of fungus in tissue biopsy or in blood accom-
panied by clinical and radiologic findings consistent
with an invasive mycosis. Probable invasive fungal
infection was defined by a positive culture, direct
examination or cytology for fungus in bronchoalveolar
lavage or induced sputum plus clinical and radiologic
findings consistent with invasive fungal infection. For
probable cerebral infections positive mycologic or his-
tologic evidence at other tissue sites accompanied by
typical cerebral computerized tomography-magnetic
resonance imaging scan findings was required. Ap-
proval by each hospital’s Institutional Review Board or
Ethics Committee and signed written informed consent
were required at baseline.

Study drug administration. Depending on tolera-
bility voriconazole was administered either intrave-
nously or orally (po). Patients received an iv loading
dosage of 6 mg/kg every 12 h (q12h) for two doses.
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Intravenous loading dosages were followed by an iv
maintenance dose of 4 mg/kg/q12h. Depending on tol-
erability the oral loading dose was 400 mg twice a day
(bid) for two doses for patients weighing �40 kg and
200 mg bid for two doses for patients �40 kg. Oral
maintenance doses could be administered at 200 mg
bid for patients weighing �40 kg and 100 mg bid for
patients �40 kg. Provided that there were no treat-
ment-related serious adverse events, dosage escalation
was permitted when baseline infections were refrac-
tory to these initial dosages. The dosage of iv voricon-
azole could be increased to 5 mg/kg q12h, and the oral
dosage could be increased to 300 mg po bid (to 150 mg
po bid in patients weighting �40 kg).

Criteria for evaluation of safety and efficacy.
An adverse event (AE) was defined as any event that
was not present at the onset of use of voriconazole but
that developed during its use. An attributable AE was
any event that, in the opinion of the investigator, was
possibly or probably related to voriconazole. A serious
AE was defined as that which resulted in death, was
life-threatening, required (or prolonged) hospitaliza-
tion, caused persistent or significant disability or inca-
pacity, resulted in congenital anomalies or birth de-
fects or displayed other conditions that in the judgment
of the investigators represented a significant hazard.

Patients who completed or discontinued voriconazole
therapy were evaluated for efficacy at the end of
therapy if they had received �90 days of therapy. The
end of therapy was defined as the point of discontinu-
ation of voriconazole for successful treatment or with-
drawal of study drug because of evidence of progressive
infection. Because many patients had chronic immuno-
deficiencies, which required variable times to achieve a
therapeutic response, no prespecified time limit was
imposed to require discontinuation of voriconazole.
Efficacy was evaluated by a global assessment of clin-
ical, radiologic and microbiologic response.

Responses were defined according to the following
criteria: complete response, resolution of all attribut-
able signs, symptoms and radiographic and or broncho-
scopic abnormalities present at baseline with myco-
logic eradication; partial response, major improvement
in attributable signs, symptoms, radiographic and/or
bronchoscopic abnormalities present at baseline; sta-
ble, minor or no improvement in attributable signs,
symptoms, radiographic or bronchoscopic abnormali-
ties present at baseline; failure, deterioration in attrib-
utable signs, symptoms, radiographic and or broncho-
scopic abnormalities and/or persistent fungal infection
necessitating alternative antifungal therapy or result-
ing in death; and discontinuation, intolerance of drug
because of an adverse event.

Patients were excluded from analysis if there was
insufficient mycologic or radiologic evidence to support

definite or probable fungal infection. They were also
excluded if they had fungal infections not considered to
be invasive or disseminated including dermatophyto-
sis, oropharyngeal candidiasis, allergic bronchopulmo-
nary aspergillosis or aspergilloma.

Pharmacokinetics. Single or multiple plasma sam-
ples for voriconazole high performance liquid chroma-
tography (HPLC) assay were collected at steady state
from 14 subjects. Plasma samples from a control pop-
ulation of adults enrolled into the compassionate pro-
tocol for voriconazole were also analyzed. These sam-
ples were sent to a central laboratory and analyzed for
voriconazole concentrations with the use of a fully
validated HPLC assay with UV detection.15 For further
comparison plasma samples from healthy adult volun-
teers were also analyzed.

Statistics. Differences between proportions were
analyzed by Fisher’s exact test or chi square, as appro-
priate. A two-sided P value of �0.05 was considered
significant.

RESULTS

Patient population. Among the 69 patients en-
rolled 58 had protocol-defined proven or probable inva-
sive fungal infection. The remaining 11 patients did not
fulfill entry protocol-defined criteria for proven or prob-
able invasive fungal infection. The median age was 7
years (range, 9 months to 15 years). There were 35 boys
and 23 girls (Table 1). The median duration of treat-
ment with voriconazole was 93 days (range, 1 to 800
days). Hematologic malignancies, chronic granuloma-
tous disease (CGD) and other inherited immunodefi-
ciencies were the most common underlying conditions
(Table 2). Among the potential risk factors for invasive
fungal infection, approximately one-half of the patients
had a hematologic malignancy and one-third under-
went bone marrow transplantation (BMT) (Table 2).

TABLE 1. Pediatric patients with invasive fungal infection
receiving voriconazole for emergency compassionate use

Age (yr)
Mean 8.2
Median 7
Range 9 mo–15 yr

Gender
Boys 35 (60)*
Girls 23 (40)

Reasons for enrollment
Primary antifungal therapy 4 (7)
Refractory to or intolerant of conventional antifungal

therapy
54 (93)

Failure of previous systemic antifungal therapy 40 (69)
Intolerance of previous systemic antifungal therapy 3 (5)
Failure and intolerance of previous systemic

antifungal therapy
5 (9)

Not reported 6 (10)
Duration of previous antifungal therapy of �30 days 39 (67)

* Numbers in parentheses, percent.
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The majority of patients were enrolled for being
refractory (n � 40; 69%), intolerant (n � 3; 5%) or both
(n � 5; 9%) to conventional antifungal therapy. Four
patients (7%) were enrolled for treatment of fungal
infections for which there was no licensed compound
(i.e. Scedosporium prolificans and Fusarium spp.) (Ta-
ble 3).

Organisms. Aspergillus spp. followed by Scedospo-
rium spp. were the most common infecting organisms
(Table 2). Other organisms included Candida spp.,
Alternaria spp., Conidiobolus coronatus and Fusarium
sp. Thirty-three (57%) patients had proven infection
and 25 (43%) had probable fungal infection.

Response to antifungal therapy. Overall response
rates. The overall response rate (complete � partial
response) was 45% for the entire study population (n �
58), 43% for those with aspergillosis, 63% for those
with scedosporiosis and 24% for those with candidiasis

(Table 4). When evaluated according to site of infection,
there was a 70% response of noncerebral disseminated
infection (n � 10), followed by 55% in cerebral infection
(n � 11), 29% in sinus infection (n � 7) and 36% in
pulmonary infection (n � 14). The overall mortality in
this study was 24 (41%) of 58 patients.

Infections caused by Aspergillus spp. Aspergillus
fumigatus, Aspergillus flavus and Aspergillus nidulans
were the most common species isolated in 26, 6 and 3
subjects, respectively. In one subject with congenital
immunodeficiency in addition to A. fumigatus, Phialo-
phora richardsia was isolated in bronchoalveolar la-
vage fluid. The overall response rate for invasive as-
pergillosis was 43%. Response according to the pattern
of infection of invasive aspergillosis is presented in
Table 4.

Infections caused by Scedosporium spp. Six cases of
Scedosporium apiospermum (Pseudallescheria boydii)

TABLE 2. Underlying condition and infection of all pediatric patients evaluable for efficacy who received emergency
compassionate use of voriconazole

Fungal Pathogens Total No.
of Infections

Hematologic
Malignancy and
Aplastic Anemia

Bone
Marrow/Stem

Cell Transplant

Chronic
Granulomatous

Disease

Other Inherited
Immunodeficiency AIDS Other*

Filamentous fungi
Aspergillus spp.† 42 (72)‡ 19 (68) 14 (82) 12 (92) 5 (83) 1 (100) 5 (50)
Scedosporium spp. 8 (14) 3 (11) 1 (8) 1 (17) 3 (30)
Zygomycetes§ 1 (2) 1 (3.5)
Fusarium sp. 2 (3) 2 (7)
Alternaria sp. 1 (2) 1 (3.5)

Yeasts
Candida spp. 4 (7) 2 (7) 3 (18) 2 (20)

Total 58 (100) 28 (100) 17 (100) 13 (100) 6 (100) 1 (100) 10 (100)

* Other conditions included cancer, burns, near-drowning, hepatitis, hematologic disorders (Fanconi’s anemia, familial erythrophagocytic lymphohistiocytosis, congenital
agranulocytosis) and one child with no known immunosuppression.

† Includes one case of mixed infection with Phialophora richardsia.
‡ Numbers in parentheses, percent.
§ Includes Conidiobolus coronatus.

TABLE 3. Relationship between antifungal efficacy of voriconazole, primary underlying condition and reason for enrollment

Variable n Complete �
Partial Responses

Complete
Response

Partial
Response

Stable
Response Discontinued Failed

Primary underlying condition
Hematologic malignancy 27 9 (33)* 6 (22) 3 (11) 6 (22) 1 (4) 11 (41)
CGD 13 8 (62) 2 (15) 6 (46) 2 (15) 3 (20)
Bone marrow transplant

Allogeneic 16 6 (38) 4 (25) 2 (13) 2 (13) 1 (6) 7 (44)
Autologous 1 1 (100)

Congenital 6 3 (50) 3 (50) 3 (50)
Immunodeficiencies
AIDS 1 1 (100)
Other† 11 6 (55) 3 (27) 3 (27) 5 (45)

Reasons for enrollment
Primary therapy 4 1 (25) 1 (25) 1 (25) 2 (50)
Efficacy failure‡ 40 18 (45) 9 (23) 9 (23) 5 (13) 3 (8) 14 (35)
Intolerance§ 3 1 (33) 1 (33) 1 (33) 1 (33)
Efficacy failure and intolerance 5 3 (60) 3 (60) 2 (40)
Unknown 6 3 (50) 1 (17) 2 (33) 3 (50)

* Numbers in parentheses, percent.
† Other conditions included cancer, burns, near-drowning, hepatitis, hematologic disorders (Fanconi’s anemia, familial erythrophagocytic lymphohistiocytosis, congenital

agranulocytosis) and one child with no known immunosuppression.
‡ Defined as failure of previous antifungal therapy.
§ Defined as toxicity related to previous antifungal therapy.
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and two cases of S. prolificans were treated with
voriconazole. The overall response of all patients with
Scedosporium infection was 63%. In S. apiospermum
infections, 83% had successful outcome; however, both
patients with S. prolificans infection were refractory to
voriconazole therapy (Table 4).

Infections caused by Candida spp. The overall re-
sponse of candidiasis to voriconazole was 25% (n � 4).
Fungemia cleared in both cases, but both patients died
from respiratory failure; one died from pneumonia of
undetermined cause, and the other died of progressive
Burkitt’s lymphoma during study drug follow-up or
administration. Of the two patients with disseminated
candidiasis, one had a complete response and a second

was prematurely withdrawn from study because of a
suspected mycobacterial infection causing hepatic le-
sions.

Efficacy and underlying condition. Patients with
CGD demonstrated a response rate of 62% in compar-
ison with those with hematologic malignancies (33%;
P � 0.20) and those undergoing BMT (35%; P � 0.27).

Plasma concentrations. The median plasma con-
centration of voriconazole in children receiving dosages
of �4 mg/kg iv bid (1566 ng/ml) was lower than that of
adult volunteers receiving 4 and 5 mg/kg bid (5671 and
7404 ng/ml, respectively) (Fig. 1). These findings sug-
gest that clearance of voriconazole may be greater in
children than in adults.

Safety. Among patients with laboratory abnormali-
ties in this study, eight had elevated alanine amino-
transferase (ALT), nine had elevated aspartate amino-
transferase (AST), five had elevated alkaline
phosphatase, nine had elevated total bilirubin and two
had elevated serum creatinine. The median values and
ranges are summarized in Table 5.

During the study period there were 337 AEs reported
in 52 patients. The most commonly reported AEs were
rash, nausea, vomiting and an elevation of hepatic
transaminases or bilirubin. As assessed by the individ-
ual investigator, 23 patients had voriconazole-related
AEs and 5 patients had 1 or more attributable severe
AEs. Fifty-three AEs were considered treatment-
related. Treatment-related AEs occurring in �5% of
patients were transaminase or bilirubin elevation in 8
(13.8%) patients, rash in 8 (13.8%), abnormal vision
(photophobia, blurred vision) in 3 and photosensitivity
reaction in 3.

FIG. 1. Comparison of voriconazole plasma concentrations be-
tween children enrolled on the compassionate release study
reported here and adults enrolled on therapeutic trials. Data for
adult patients were obtained from two Phase III studies (150-304
for 3 mg/kg iv bid regimen and 150-673 for 200 to 300 mg po bid
regimen. Data for pediatric subjects were obtained from the
compassionate use study. Data for healthy adult volunteers were
acquired from the Phase I study 150-230.

TABLE 4. Relationship between efficacy of voriconazole and type of invasive fungal infection

Type of Fungal
Infection n Complete �

Partial Responses
Complete
Response

Partial
Response

Stable
Response Intolerance Failed

Filamentous fungi
Aspergillosis 42 18 (43)* 7 (17) 11 (26) 3 (7) 4 (10) 17 (40)

Pulmonary 12 4 (33) 1 (8) 3 (25) 2 (17) 1 (8) 5 (42)
CNS 6 3 (50) 3 (50) 1 (17) 2 (33)
Disseminated 7 6 (86) 3 (43) 3 (43) 1 (14)
Sinus 7 2 (29) 1 (14) 1 (14) 1 (14) 4 (57)
Single organ† 10 3 (30) 2 (20) 1 (10) 1 (10) 2 (20) 4 (40)

Scedosporiosis‡ 8 5 (63) 2 (25) 3 (38) 1 (13) 2 (25)§
Pulmonary 2 1 (50) 1 (50) 1 (50)
CNS 5 3 (60) 1 (20) 2 (40) 2 (40)
Disseminated 1 1 (100) 1 (100)

Conidiobolus 1 1 (100) 1 (100)
Fusariosis 2 2 (100)
Alternariosis 1 1 (100) 1 (100)

Yeasts
Candidiasis

Fungemia¶ 2 2 (100)
Disseminated 2 1 (50) 1 (50) 1 (50)

Total 58 26 (45) 11 (19) 15 (26) 4 (7) 4 (7) 25 (43)

* Numbers in parentheses, percent.
† Includes bone, liver or skin.
‡ Scedosporium apiospermum (n � 6) and Scedosporium prolificans (n � 2).
§ Both cases were caused by S. prolificans.
¶ Both patients cleared their fungemia, but one patient died from progressive Burkitt’s lymphoma and another from pneumonia of undetermined cause.
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Among the 23 patients with AEs attributed to vori-
conazole by the principal investigator, 3 patients dis-
continued study drug because of toxicity (1 child with
photosensitivity reaction plus cheilitis and 2 children
with increased hepatic transaminases). One patient
had dosage reduction for dyspepsia, which subse-
quently resolved, and in another child voriconazole was
temporarily discontinued because of elevated hepatic
transaminases.

Attributable AEs resolved in 18 of the 23 patients by
end of therapy. Among the 5 patients with persistent
AEs, 3 had photosensitivity-type reactions (hyperpig-
mentation of hands, photosensitivity reaction and ery-
thema). These types of reactions were long lasting
(persisted for �30 days) but did not lead to discontin-
uation of voriconazole. The 2 remaining children with
persistent AEs had an AE reported on the last day of
treatment. However, therapy was discontinued in
these 2 patients for other reasons: one patient died of
aspergillosis; and the other was successfully treated for
aspergillosis.

Among eight patients with increased serum hepatic
transaminases or bilirubin, two discontinued voricon-
azole. One patient discontinued temporarily and one
child was diagnosed with hyperbilirubinemia on the
last day of therapy and died of progressive invasive
aspergillosis. This latter child received only 3 days of
voriconazole therapy. Elevated serum hepatic
transaminases or bilirubin cleared without discontinu-
ation of voriconazole in the four remaining patients.
Six of eight patients with rash resolved their findings
without stopping voriconazole, and two had rash
present at the end of therapy. Nausea and vomiting
resolved in all patients without discontinuing voricon-
azole. Of the three patients with visual changes, symp-
toms lasted for 1 day, and none required discontinua-
tion of voriconazole.

DISCUSSION
These findings support the use of voriconazole for

treatment of invasive fungal infections in pediatric
patients who are intolerant of or refractory to conven-
tional antifungal therapy. Caused principally by As-
pergillus spp. and Scedosporium spp., these infections
included respiratory, disseminated and central ner-

vous system (CNS) infections. Voriconazole was gener-
ally well-tolerated in patients with complicated under-
lying diseases.

Invasive aspergillosis and scedosporiosis carry omi-
nous prognoses. Despite aggressive use of antifungal
therapy, the mortality for invasive aspergillosis in
children with cancer is 85%,3 and in children with
AIDS it is 100%.4 In a report from the University
Children’s Hospital in Munster, Germany, 9 cases of
invasive aspergillosis (lungs, 8; cecum, 1) occurred in
198 patients (4.5%) treated for acute leukemia. Six
(67%) of these 9 patients died.16, 17 A 10-year review of
invasive aspergillosis from the Hospital for Sick Chil-
dren identified a total of 39 cases of definite (n � 24)
and probable (n � 15).18 Ninety percent of these cases
occurred in patients with hematologic malignancies,
with aplastic anemia or after bone marrow transplan-
tation. The overall crude mortality rate was 74%, with
better outcome in cutaneous infections (56% resolution
with medical and surgical therapy) and grim prognosis
in invasive pulmonary disease (94% crude mortality).
Sixty-six patients with invasive aspergillosis were
identified from a retrospective study of culture-
documented aspergillosis at St. Jude’s Children’s Can-
cer Center.19 The most common underlying diagnosis
was leukemia. Risk factors included neutropenia, im-
munosuppression and prior antibiotic therapy. On the
basis of clinical presentation, 23 patients were believed
to have disseminated disease and 43 to have localized
disease. Despite aggressive medical and surgical man-
agement, overall mortality was 85% within the first
year after diagnosis.19 The overall response rate of
voriconazole of 43% and a mortality rate of 41% against
pediatric aspergillosis indicates a distinct improve-
ment over these previously reported outcomes.

Scedosporiosis caused by S. apiospermum (Pseudall-
escheria boydii) or S. prolificans also is associated with
excessive morbidity and mortality. Although no sepa-
rate series are reported for pediatric patients, a review
of 31 reported cases of invasive scedosporiosis caused
by S. apiospermum found that 61% died despite anti-
fungal therapy.20 Among 8 patients with localized
musculoskeletal soft tissue infection, 7 required sur-
gery, and 3 of these were amputations. Although no
separate series are reported for pediatric patients, a

TABLE 5. Laboratory abnormalities in pediatric patients treated with voriconazole (n � 58)

Laboratory Parameter* No. of Patients
Value Day of the Most

Abnormal Value

Median Range Median Range

ALT (IU/l) 8 186 127–620 67 7–315
AST (IU/l) 9 216 106–640 20 5–232
Alkaline phosphatase (IU/l) 5 946 694–1214 68 11–190
Total bilirubin (mg/dl) 9 3.5 1.7–14.8 30 7–299
Creatinine (mg/dl) 2 2.95 7

* Normal serum chemistry values: ALT, 5 to 45 IU/l; AST, 15 to 55 IU/l; alkaline phosphatase, 145 to 420 IU/l; total bilirubin, �1.2 mg/dl; creatinine, 0.6 to 1.2 mg/dl.
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series of 17 cases from Australia exemplifies the mor-
bidity and mortality of this infection. Disseminated
disease in immunosuppressed patients is almost uni-
versally lethal.21 Localized disease could be managed
successfully in immunocompetent patients with surgi-
cal resection. A review of the English language litera-
ture identified 28 additional cases of infection caused
by S. prolificans.22 These occurred exclusively in se-
verely neutropenic patients (predominantly leukemia)
and in transplant recipients. Disseminated infection
was uniformly fatal because of resistance of this patho-
gen to currently available antifungal drugs. The overall
response rate of 63% of voriconazole against pediatric
scedosporiosis represents a substantial advance
against these infections in comparison with the out-
come of previously reported cases.

Conventional antifungal therapy against invasive
aspergillosis in pediatrics includes the use of ampho-
tericin B as well as the more recently introduced lipid
formulations of amphotericin B. Voriconazole was used
in the setting of patients who demonstrated progres-
sion of infection despite the use of lipid formulations of
amphotericin B. The overall response of invasive as-
pergillosis to voriconazole of 43% in this study is
comparable to those of other new antifungal agents
used in the setting of patients refractory to or intoler-
ant of conventional therapy. By comparison, the re-
cently approved echinocandin, known as caspofungin,
achieved an overall success rate of 41% assessed by
response criteria similar to those used in this present
study of voriconazole.23 A recently completed random-
ized trial of voriconazole vs. deoxycholate amphotericin
B for primary therapy of invasive aspergillosis at end of
therapy found a satisfactory response of 53% vs. 32%,
respectively, further demonstrating the utility of this
second generation triazole over conventional therapy.24

These relatively low percent response rates reflect the
difficulty in treating infections caused by to filamen-
tous fungi, such as Aspergillus spp., in immunocompro-
mised patients.

Voriconazole possesses several distinct characteris-
tics that may constitute an advantage over current
conventional therapeutic options: oral and parenteral
formulations; excellent oral bioavailability (�85 to
96%); good safety profile; and broad spectrum antifun-
gal activity.9, 10, 25–28

Voriconazole dosing was initiated with a loading
dose rapidly to achieve steady state plasma concentra-
tions. The use of a loading dose has been a standard
approach to administration of voriconazole in all clini-
cal trials in treatment and prevention of severe infec-
tions. Because the compound follows nonlinear plasma
pharmacokinetics, dose escalation by increments of 1
mg/kg q12h may reflect as much as a 50% increase in

the area under the concentration-time curve � within
adult patients.

That the median plasma concentration of voricon-
azole in children receiving �4 mg/kg in this study was
less than those of adult control populations is consis-
tent with findings of a more recently completed clinical
trial investigating its safety and plasma pharmacoki-
netics in pediatric patients.28 That study describes the
plasma pharmacokinetics of iv voriconazole in immu-
nocompromised children ages 2 to 11 years and com-
pares these pharmacokinetic parameters with those of
healthy adults. In contrast to adults elimination of
voriconazole was linear in children after doses of 3 and
4 mg/kg. Comparison of observed and simulated pedi-
atric and adult pharmacokinetic data indicated that
plasma concentrations and area under the concentra-
tion-time curve � of 3 and 4 mg/kg in children were
lower than the corresponding dosages in adults. Nev-
ertheless the peak plasma concentrations in pediatrics
still substantially exceed the reported MICs for most
species of Candida, Aspergillus and other filamentous
fungi.25–27

Perhaps a higher dosage of 5 mg/kg or more may
result in a potentially more favorable response against
organisms typically refractory to antifungal therapy,
such as azole-resistant Candida spp., S. prolificans, S.
apiospermum and invasive fungal infections of the
central nervous system. However, understanding the
safety and pharmacokinetics of such dosages in pedi-
atrics is paramount before endorsement of these higher
dosage levels.

Voriconazole is metabolized predominantly through
the cytochrome P450 2C19 pathway. As cytochrome
P450 2C19 has at least two allelic polymorphisms that
affect individual metabolism of voriconazole, further
studies will be required to characterize its pharmacog-
enomics in pediatrics. To understand further the
plasma pharmacokinetics of voriconazole in children, a
formal study of the safety and plasma pharmacokinet-
ics is currently being pursued in immunocompromised
pediatric patients. Pending results from this trial, the
current dosages of voriconazole used in this study are
recommended.

The diagnostic criteria used in this study were strin-
gent and permitted reliable documentation of invasive
filamentous fungal infections. Even the probable cases
in this study required substantial documentation in
these immunocompromised patients.

Response to voriconazole was dependent on underly-
ing host factors, type of organism and site of infection.
Most immunocompromised children had impairment of
the phagocytic arm of their host defenses. These risk
factors included hematologic malignancy, aplastic ane-
mia, neutropenia, BMT and CGD. Response to voricon-
azole was greatest in CGD. By comparison patients
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with hematologic malignancy, aplastic anemia and
BMT had lower response rates. Because most of the
infections in these patients were caused by filamentous
fungi, where phagocytic host defenses are imperative,
conditions associated with severe neutropenia will
clearly worsen prognosis. The lower response rate in
pulmonary aspergillosis appears to be the result of
profound neutropenia or severe graft vs. host disease.
For patients with CGD and aspergillosis, partial re-
sponses were most frequently observed, requiring con-
tinued suppressive therapy in this setting.

Associated with a high mortality CNS aspergillosis
has been notoriously difficult to treat by conventional
therapy.29, 30 However, voriconazole achieved a 55%
response rate in treatment of CNS fungal infections
caused by aspergillosis and scedosporiosis. As a rela-
tively small molecule, voriconazole might be able to
penetrate more readily into CNS lesions than the large
polyene molecule of amphotericin B.

Reflecting the potent expansion of its antifungal
spectrum, voriconazole has encouraging activity
against infections caused by S. apiospermum. That
these organisms have been refractory to amphotericin
B has been well-reported in the literature.31, 32 Previ-
ous reports of itraconazole in treatment of infections
caused by S. apiospermum indicate a role for triazole in
treatment of this infection.33, 34 More recently individ-
ual case reports of voriconazole treatment of scedospo-
riosis in adults indicate that voriconazole has potent
activity against this tenacious genus of organisms.35, 36

Speciation of the genus Scedosporium is important,
given that most isolates of S. prolificans are resistant
to voriconazole, as well as other systemic antifungal
agents.37 Consistent with this finding is the observa-
tion that the two cases of scedosporiosis caused by S.
prolificans in this report did not respond to voricon-
azole (Table 4).

The flexibility of oral administration of voriconazole
permitted administration of this compound for as long
as 800 days. Extended treatment courses were neces-
sary in patients with chronic immunosuppression who
were unresponsive to or intolerant of previous antifun-
gal therapy. Such patients often achieved stabilization
or gradual improvement of previously refractory infec-
tion on the parenteral formulation. As the result of the
oral formulation and excellent bioavailability of vori-
conazole, chronically immunocompromised patients
were able to maintain this stabilization or gradual
improvement of infection for extended course of treat-
ment. The extended length of administration of vori-
conazole also afforded examination of its safety profile
for a total of 9405 patient days. The most common
investigator-attributed adverse events were rash and
elevated transaminases and/or bilirubin. The rash of
voriconazole is a photosensitive eruption that occurred

in an ambulatory setting. Sun-exposed areas of the
skin may become diffusely erythematous. Over time,
this erythema may lead to desquamation and in some
cases to an exfoliative dermatitis. Severe cheilitis de-
veloped in one patient. Patients receiving voriconazole
on an ambulatory basis are advised to avoid direct sun
exposure in the early afternoon, use sunscreen and
wear protective clothing. However, as sunscreen may
not be protective, outpatients are advised to minimize
sun exposure where possible.

All members of the class of antifungal azoles have
the potential for hepatotoxicity. The frequency and
severity varies from the greatest with ketoconazole to
the least with fluconazole. However, the exact fre-
quency with which hepatotoxicity occurs in patients
receiving azole antifungal therapy is confounded by the
underlying conditions and concomitant medications
that predisposed them to opportunistic mycoses. Un-
derscoring this point are the results of a large random-
ized clinical trial of empiric antifungal therapy of
voriconazole vs. liposomal amphotericin B in persis-
tently neutropenic patients,38 as well as the random-
ized trial in treatment of invasive aspergillosis.24

These studies found no differences in the frequency of
elevations of serum AST, ALT, alkaline phosphatase
and bilirubin. Thus the frequency of truly drug-related
transaminase elevation may be less than that in our
noncomparative case series.

Further studies in pediatric patients at risk for
invasive fungal infections are under way. These and
other trials of voriconazole should provide further in-
sights into the use of this important addition to the
pediatric antifungal armamentarium.
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