
Safety and outcome of treatment with voriconazole in a
large cohort of immunocompromised children and
adolescents

Abstract
Objectives: Post-marketing data on safety and outcome of voriconazole
(VCZ) treatment in pediatric patients is limited. We performed a retro-
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1–1,002). While on treatment, increases in hepatic transaminases,
serum bilirubin and alkaline phosphatase, skin eruptions and neurolo-
gical adverse events (AEs) were observed in 53.5, 23.6, 10.9, 5.6 and
4.8% of courses, respectively. At end of treatment (EOT), mean alkaline
phosphatase, aspartate aminotransferase and serum bilirubin values
were slightly elevated relative to baseline (p<0.01). AEs prompting dis-
continuation of VCZ occurred in 18 courses (7.1%). Treatment success
was observed in 16/37 patients with proven/probable/possible IFDs,
and in 187/215 courses of empiric therapy and prophylaxis. Overall
survival was 97.6% at EOT and 92.1% at 3month post EOT, respectively.
Conclusions: VCZ displayed acceptable clinical safety and tolerance
and was effective in the management of IFDs in severely immunocom-
promised children and adolescents.
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Introduction
Opportunistic invasive fungal diseases (IFDs) are import-
ant infectious complications in severely immunocomprom-
ised pediatric patients and a cause of considerable mor-
bidity and mortality [1]. Voriconazole is a second genera-
tion synthetic triazole with broad spectrum antifungal
activity in vitro against most clinically relevant fungal
pathogens [2]. The compound is available in oral and in-
travenous formulations and has demonstrated clinical
efficacy and safety in adult phase III clinical trials of
primary treatment of superficial and invasive candidiasis
[3], [4], invasive aspergillosis [5] and for empirical therapy
in persistently febrile neutropenic patients with cancer
[6], and there is evidence for its effectiveness as anti-
fungal prophylaxis in high risk patients [7], [8].
Voriconazole has approved first line indications against
major opportunistic mycoses in subjects ≥12 years of

age in both the United States and the European Union.
The recommended intravenous dosage is 4 mg/kg BID
(day 1: 6 mg/kg BID), and the oral dosage is 200 mg BID
(Day 1: 400 mg BID) (<40 kg body weight: 100 mg BID
with a loading dose of 200 mg BID on day 1). While the
compound has been approved in the European Union in
children at the age of ≥2 to 11 years since 2005, the
dose finding in this age group has been difficult with
several revisions in the recommended dosages. Currently,
an intravenous dosage of 8 mg/kg BID (day 1: 9 mg/kg
BID) and an oral dose of the suspension of 9 mg/kg BID
has been adopted by the European Medicines Agency
(EMA) for children at 2 to <12 years of age and at 12 to
14 years of age weighing <50 kg and these dosages are
being further investigated in clinical phase II trials con-
ducted by the manufacturer [9], [10].
Despite several years of regulatory approval and wide-
spread use, post-marketing data on safety, tolerance and
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outcome of voriconazole in children and adolescents still
is limited [11], [12]. We therefore conducted a retrospect-
ive analysis of safety, tolerance and antifungal efficacy
in a cohort of 107 consecutive immunocompromised
children and adolescents receiving a total of 252 courses
of voriconazole treatment at our center.

Patients and methods

Study design

The study was a single-center retrospective non-compara-
tive cohort study of immunocompromised pediatric pa-
tients who were considered to require therapy with
voriconazole and was conducted between October 2002
and January 2010 [13]. Patients eligible for inclusion in
this analysis were ≤18 years of age and had received at
least one day of treatment with voriconazole. Voriconazole
was administered at recommended dosages [9] until oc-
currence of intolerance ormaximumefficacy for treatment
of presumed or documented invasive fungal diseases,
as empiric therapy, or as primary or secondary antifungal
prophylaxis. All patients received several concurrent
therapies for management of their underlying diseases
and their complications. Written informed consent for
antifungal therapy as part of the medically indicated
measures of supportive care and for data collection was
obtained within the consent procedure for cancer treat-
ment, hematopoietic stem cell transplantation (HSCT),
and specializedmedical care. Data collection was accom-
plished by a pseudonymized standardized case report
form.

Assessment of safety and tolerance

Independent of cause, laboratory parameters of hepatic
and renal organ function weremeasured at baseline (BL)
and at the end of treatment (EOT). In addition, the most
pathological value during treatment was evaluated for
each parameter and episode. Clinical and laboratory ad-
verse events (AEs) were recorded and graded according
to current Common Terminology Criteria of Adverse Events
(CTCAE) set forth by the U.S. National Cancer Institute
[14] in consideration of age-related reference values. A
clinical AE attributable to voriconazole was defined as an
event that was not present at BL but developed during
the treatment and resolved completely after cessation of
therapy.

Assessment of antifungal efficacy

Coding of invasive fungal infections and outcome was
performed by the investigators responsible for data ana-
lysis (AHG and SP) according to the 2008 EORTC/MSG
criteria [15], [16]. A favorable response (‘success’) in
patients with possible/probable/proven infections in-
cluded either ‘complete response’ or ‘partial response’,
and failure included ‘stable disease’ or progression or

death due to the infection. For prophylaxis and empirical
therapy, success was defined as completion of therapy
without recurrent or breakthrough fungal infection, no
discontinuation due to adverse events, and survival at
the time of discontinuation of the compound [17]. For
the purpose of correlating dose with efficacy, absence of
recurrent or breakthrough infection during voriconazole
prophylaxis/empirical therapy was graded as favorable
response (‘success’).

Statistical considerations

For statistical analyses, Predictive Analysis Software
(PASW) version 18.0.0 was used. Comparisons of labora-
tory values during therapy were performed by the Wilcox-
on signed rank test. Relationships between clinical or
laboratory data and daily dose were analyzed by non-
parametric Spearman correlation, the Mann-Whitney
U test or by Kruskall Wallis ANOVA. A two-sided p-value
of ≤0.05 was considered as statistically significant.

Results

Patients

During the seven-year observation period, a total of
252 separate courses of treatment with voriconazole
were administered to 107 children and adolescents. Pa-
tients’ demographic and clinical characteristics are
summarized in Table 1. 62 of the 107 patients weremale
and 45 were female. Most were of Caucasian origin
(91.6%), and the mean age at the initiation of antifungal
therapy was 10.1 years (range 0.2 to 18 years). The
overwhelming majority of patients had hematological
malignancies (66.4%) or bonemarrow failure syndromes
(10.3%) as underlying condition; 39.3% were status post
allogeneic HSCT.

Indications and administration of
voriconazole

Treatment indications and details of treatment with vori-
conazole are outlined in Table 2. Patients received vori-
conazole mostly for primary or secondary prophylaxis
(127 and 79 of 252 courses, respectively (81.7%)). Vori-
conazole was administered as empirical therapy in 9, as
treatment for possible IFDs in 12, and as treatment for
probable or proven IFDs in 25 courses. Voriconazole was
combined with other systemic antifungal agents in 13/37
courses for therapy of fungal infections. In 55.9% of the
252 treatment courses, treatment was initiated during
granulocytopenia, and in 71.4 %, respectively, patients
had been at least temporarily granulocytopenic while on
treatment. The mean duration of granulocytopenia was
13.1 days (median: 10 days; range 2 to 67 days).
The mean duration of treatment with voriconazole was
65 days (range 6–1,002). Themajority of patients (81.3%)
received voriconazole orally; in 14.7% treatment was
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Table 1: Demographic and clinical characteristics in 107 patients with voriconazole

Table 2: Treatment indications and details of treatment in 252 courses of voriconazole
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Table 3: Laboratory adverse events during 252 courses of voriconazole tabulated according to the CTCAE classification

started intravenously and switched to oral, and in 4% of
the courses, voriconazole was given by the intravenous
route. Themedianmaintenance dose was 177.0mg twice
daily (range 20–500), corresponding to 5.9 mg/kg of
body weight twice daily (range 2.2–22.0; wide dose range
explained by the fixed oral dose for children <12 years
during the time of the study). Dosage modifications oc-
curred in 55 courses because voriconazole trough con-
centrations were considered too low (14) or too high (2).
Other reasons for dosage modifications were change of
the application form (20), intolerance (4), or unknown
(15).

Safety and tolerance

Independent of causal relationship, AEs were observed
in 167/252 courses. Increases in hepatic transaminases
(54%), serum bilirubin (24%) and alkaline phosphatase
(11%) while on treatment were frequent butmostly grade
I or II (Table 3). Further attributable clinical AEs included
skin eruptions (phototoxic erythema (9), exanthema (5)),
neurological symptoms (photophobia (8), visual hallucin-
ation (1), insomnia (1), vertigo (1) or lack of concentration
(1)), gastrointestinal symptoms (nausea and vomiting (4),
diffuse abdominal pain (1), right upper quadrant abdom-
inal pain (1), jaundice (1)) and one anaphylactic reaction.
Eighteen courses (7.1%) were discontinued due to AEs
that were at least possibly related to voriconazole treat-
ment (skin eruptions (7), increased liver function param-
eters (7), nausea and vomiting (2), anaphylaxis (1), neu-
rotoxicity (1)).
Increases in hepatic function parameters during therapy
were frequent. However, while mean aspartate amino-
transferase (AST), alkaline phosphatase (ALP) and serum
bilirubin values were slightly elevated at end of treatment
(p<0.01, Wilcoxon signed rank test), mean alanine
aminotransferase (ALT) and serum creatinine values were
not different from baseline (Figure 1). We observed
moderate correlations between maximum daily dose
(mg/kg) per episode and maximum AST or alkaline
phosphatase values (Spearman’s rank correlation coeffi-
cient r, 0.231–0.326, p≤0.01), but there were no consist-
ent relationships between voriconazole dose and other
laboratory parameters observed during or at the end of
treatment.

Responses to treatment

Responses to treatment with voriconazole are listed in
Table 4. 187/215 (87.0%) courses of primary/secondary
prophylaxis or empiric therapy were completed with suc-
cess. Reasons for treatment failure included possible
pulmonary mould breakthrough infection in seven cases,
proven pulmonary mould breakthrough infection in one
case and candidemia in another case. Three patients of
the prophylaxis cohort died from their underlying condi-
tions and in 13 cases AEs, that were at least possibly re-
lated to voriconazole, caused discontinuation. Empiric
therapy failed overall three times (deterioration of (1) and
death by (1) pneumonia and sepsis of unknown origin,
possible disseminated candidiasis (1)).
Among the 25 courses with probable and proven IFDs,
complete or partial responses were observed in seven
courses and stable disease in ten courses. Eight patients
failed therapy with voriconazole (death due to invasive
pulmonary aspergillosis in one and progressive disease
in seven cases (pulmonary aspergillosis (3), candidemia
(2), pulmonary trichosporonosis (1), disseminated asper-
gillosis (1)). Among the twelve courses administered for
possible IFDs, six had a complete, and three a partial re-
sponse; stable disease was observed in one course, and
in two courses, treatment failed (progressing lung infilt-
rates (1), progression of infiltrates in liver and spleen and
new pulmonary infiltrates (1)).
Altogether, 203 of 252 treatment courses (80.6 %) were
completed with success, and 49 were considered treat-
ment failures. Overall survival was 97.6% at the end of
treatment and 92.1% threemonths post end of treatment,
respectively. No correlations between maximum dose/
episode and treatment responsewere found in the overall
study population and in subgroup analyses.
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Figure 1: Dynamics of laboratory values during treatment with voriconazole. Depicted are hepatic and renal function parameters
(median, minimum, maximum and inter-quartile range) of the entire cohort at baseline (BL), at end of treatment (EOT) and the

maximum values observed during therapy.

Table 4: Responses to treatment in 252 courses of voriconazole

Discussion
The results of this large retrospective single-center ana-
lysis attest to the safety and efficacy of voriconazole in
profoundly immunocompromised children and adoles-
cents receiving the compound for prophylaxis or empirical
and targeted treatment of life-threatening IFDs. The rate
of treatment discontinuations due to AEs that were con-
sidered to be at least possibly related to voriconazole
treatment was 7.1%. This rate is within the range of 5 to
19% reported by other pediatric series with sufficient data
[18], [19], [20], [21]. No unexpected toxicities were ob-
served, and, similar to previous reports, increases in
hepatic transaminases were most commonly observed,
followed by skin eruptions, neurological events and digest-
ive tract AEs [18], [19], [21], [22]. The exact incidence
of AEs not leading to treatment interuptions, however,
needs to be interpreted with caution as they are most
likely underestimated due to the retrospective nature of
analysis.
While abnormal liver function tests can be estimated to
be not uncommon in severely immuncompromised pa-
tients with relevant comorbidities and a variety of concom-
itant therapies, the reported frequency of elevated liver
function tests in pediatric patients receiving voriconazole

varies between 8 and 57% [18], [21], [23], [24], [25]. In
our study, abnormal hepatic function parameters occurred
in up to 54% of the patients, but were mostly mild to
moderate and did not show consistent trends during
voriconazole therapy. Moreover, no consistent relation-
ships were found between the daily dose and the occur-
rence of hepatic AEs.
The clinical and biochemical hepatotoxicity of voriconazole
was examined by Amigues et al. in a large retrospective
study in adult and pediatric HSCT recipients [26]. Sixty-
eight of 200 patients (34%) developed hepatotoxicity
while on voriconazole, and thirty-five patients (51%) with
hepatotoxicity required discontinuation of therapy. There
were no cases of liver failure or death attributed to
voriconazole, and, with the exception of total bilirubin,
the hepatic dysfunction was generally mild and reversible.
In multiple logistic regression analysis, acute GVHD
grades 2–4 (P=.002) was the only risk factor significantly
associated with hepatotoxicity. Whereas another study
did not find that patients with hepatotoxicity had received
higher than the standard 4 mg/kg doses [27], other in-
vestigators found higher total daily doses duration of
voriconazole treatment to be associated with hepatotoxic
outcomes in adults [28]. A large longitudinal logistic re-
gression analysis on the basis of 2,925 random plasma
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samples obtained from 1,053 patients showed a weak,
but significant association between 7-day mean plasma
concentrations of voriconazole and abnormal levels of
AST, ALP and bilirubin, but not ALT [29]. Further studies
found a correlation between voriconazole trough levels
and ALP and AST, but not for bilirubin, creatinine and ALT
[30] or not for ALP or GGT [31]. In children and adoles-
cents receiving voriconazole, no consistent correlation
between dose or exposure and hepatic AEs has been
established thus far [13], [23], [32].
Phototoxic skin reactions have been reported to occur in
a frequency of up to 30% in immunocompromised pedi-
atric patients receiving voriconazole as antifungal prophy-
laxis [33]. A possible association between long-term use
of voriconazole, immuno-suppression and chronic photo-
toxicity with aggressive squamous cell carcinoma has
been reported in adult and pediatric patients [34] and it
is now established that voriconazole is an independent
risk factor for the development of cutaneous malignancy
in lung transplant recipients. The mechanism of vori-
conazole induced skin cancer is still unknown [35]. As a
consequence, the risk-benefit ratio for continued treat-
ment in immunocompromised children and adolescents
who develop phototoxicity while receiving voriconazole
needs to be extremely carefully evaluated.
Visual disturbance (altered or enhanced perception of
light, blurred vision) have been reported in approximately
23% of adult patients receiving voriconazole within a
clinical trial [3], [6]. In our analysis, photophobia was in-
frequent and recorded in only 3.2% of 252 treatment
courses. This low frequency may be due both to the inab-
ility of younger pediatric patients to perceive and report
these symptoms and to the retrospective study design.
While one pediatric study reported a rate of visual disturb-
ances in 13% of the enrolled patients [36], the observed
rates in other studies were in the range of 2 to 5% [18],
[24], [37], [38]. Similarly to what has been reported by
others, the visual adverse events observed in the patients
included in our analysis were transient and reversible.
This is consistent with results obtained experimentally in
monkeys, which suggest that the function of the retinal
ON-bipolar cells is selectively and reversibly affected in
voriconazole treated humans who complain of visual
disturbances [39].
Neurological AEs associated with voriconazole include
hallucinations, particularly visual hallucinations. The rate
of hallucinations in voriconazole treated adults has been
reported as high as 17% in prospective studies [40], [41],
and a relationship between high voriconazole exposure
and neurological AEs has been described in adults [31],
although this has not been a consistent finding [28]. In
pediatric series with adequate data, few or no cases of
hallucinations have been reported [21], [25].
Although the assessment of efficacy of voriconazole
treatment is curtailed in our analysis by its retrospective
nature, different comorbidities and different indications,
reporting outcomes is relevant in the context of patient
safety. Considering failure rates of 4,4% and 32% in the
prophylactic and therapeutic setting, respectively, these

outcomes compare favorably with the limited data repor-
ted for paediatric patients: In larger cohort studies of
children and adolescents with allogeneic HSCT or under-
going treatment for leukemia receiving voriconazole pro-
phylaxis, the failure rates were between 3 and 6% [21],
[24], [42], [43], and among 58 immunocompromised
children with IFDs receiving voriconazole treatment, 25
(43%) failed therapy [18].

Conclusions
The results of our analysis and the data discussed indi-
cate that the use of voriconazole in children and adoles-
cents is generally safe and effective in prevention and
treatment of IFDs. Nevertheless, while on therapy, pa-
tients receiving voriconazole should be carefully mon-
itored for hepatic toxicity, phototoxic reactions, hallucina-
tions, and, based on its association with QT interval pro-
longation, potentially proarrhythmic conditions. Clinical
management should include laboratory evaluation of
hepatic function at the initiation of treatment and at least
weekly for the first month of treatment and monthly
thereafter if there are no changes in the liver function
tests. If phototoxic reactions occur, the patient should be
referred to a dermatologist. In case of markedly elevated
liver function tests or occurrence of phototoxicity, vori-
conazole discontinuation should be considered unless
evaluation of the risk-benefit of the treatment for the
patient justifies continued use under systematic and
regular further observation [9]. Of note, while therapeutic
drug monitoring (TDM) is not recommended by both FDA
and EMA [9], [10], international pediatric guidelines
suggest TDM to guide voriconazole treatment (dosing
target: trough concentrations of 1.0 to 5.0 mg/L) on the
basis of the compound’s high variability in exposure and
demonstrated correlations between exposure and efficacy
and adverse events, respectively [44].
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Previous publication/presentation
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