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Abstract Oral antifungal prophylaxis with extended-spectra
azoles is widely used in pediatric patients after allogeneic
hematopoietic stem cell transplantation (HSCT), while
controlled studies for oral antifungal prophylaxis after bone
marrow transplantation in children are not available. This
survey analyzed patients who had received either itraconazole,
voriconazole, or posaconazole. We focused on the safety,
feasibility, and initial data of efficacy in a cohort of pediatric
patients and adolescents after high-dose chemotherapy and
HSCT. Fifty consecutive pediatric patients received
itraconazole, 50 received voriconazole, and 50 pediatric
patients received posaconazole after HSCT as oral antifungal
prophylaxis. The observation period lasted from the start of
oral prophylactic treatment with itraconazole, voriconazole, or
posaconazole until two weeks after terminating the oral
antifungal prophylaxis. No incidences of proven or probable
invasive mycosis were observed during itraconazole,
voriconazole, or posaconazole treatment. A total of five
possible invasive fungal infections occurred, two in the
itraconazole group (4 %) and three in the voriconazole group
(6 %). The percentage of patients with adverse events
potentially related to clinical drugs were 14 % in the

voriconazole group, 12 % in the itraconazole group, and
8 % in the posaconazole group. Itraconazole, voriconazole,
and posaconazole showed comparable efficacy as antifungal
prophylaxis in pediatric patients after allogeneic HSCT.

Introduction

Invasive fungal infection is one of the most feared
complications in immunocompromised pediatric patients after
high-dose chemotherapy and allogeneic hematopoietic stem
cell transplantation (HSCT). Post-transplantation immune
deficiency, immune suppression, high-dose steroids,
neutropenia, viral infections, and acute graft-versus-host
disease (GvHD) are known risk factors for fungal infections,
especially with Aspergillus spp. and Candida spp. [1, 2].
Antifungal prophylaxis early after transplantation is therefore
indicated. The azole derivatives itraconazole and voriconazole
provide initial coverage against Candida , Aspergillus , and
other rare mold infections [3–5]. These antimycotics belong
to the group of agents routinely used for the effective
prevention and treatment of systemic fungal infections in
patients with hemato-oncological malignancies and
neutropenia [6–14]. An antifungal broad-spectrum azole
rarely used in pediatric patients up to now, posaconazole,
has been shown to be effective against Candida spp.,
Aspergillus spp., Cryptococcus spp., Zygomycetes spp., and
Fusarium spp. in adults [15–18]. In contrast to other azoles,
itraconazole and voriconazole, it provides only minimal
inhibition of cytochrome C-dependent enzymes [19–21]. In
adults with myelodysplastic syndrome or acute myeloid
leukemia, posaconazole proved to be more effective than
itraconazole and fluconazole for the prophylaxis of invasive
fungal infections [22]. In adults with GvHD, posaconazole has
emerged as the first choice for the prophylaxis of invasive
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aspergillosis [23]. In our clinic, we switched the antifungal
prophylaxis to posaconazole in 2007 due to the low incidence
of adverse events in adults and the observed breakthrough
infections with the application of azoles other than
posaconazole in the past [22, 23]. We analyzed the first 60
pediatric patients under 12 years of age with hemato-
oncological malignancies and non-malignancies who received
posaconazole as antifungal prophylaxis after allogeneic
HSCT [24]. Posaconazole at a dosage of 12 mg/kg body
weight divided into three doses was a well-tolerated, safe,
and effective oral antifungal prophylaxis in pediatric patients
who underwent high-dose chemotherapy and HSCT. To
compare the effectiveness of various azoles in pediatric
patients, we chose a group of 50 pediatric patients that
received posaconazole as antifungal prophylaxis after
allogeneic HSCT. This group was compared to groups of
pediatric patients of the same group size that received
i t raconazole or vor iconazole as ora l ant i fungal
monoprophylaxis after allogeneic HSCT. We analyzed 50
consecutive patients in each group with the primary objective
of obtaining initial data on efficacy, and secondary objectives
of investigating safety and feasibility.

Methods

This analysis was conducted in accordance with the
Declaration of Helsinki and performed with approval by the
University Children’s Hospital Tübingen’s Institutional
Review Board.

Patients, study design, and setting

This single-center survey at the University Children’s Hospital
Tübingen analyzed the data of 150 pediatric patients under
18 years of age who received antifungal monoprophylaxis
with either itraconazole, voriconazole, or posaconazole after
allogeneic HSCT. Each of the three azole groups included data
from 50 consecutive pediatric patients. None of the children
included in this analysis had an invasive fungal infection prior
to the planned allogeneic HSCT. Baseline demographics,
clinical factors, treatment-related adverse events, and survival
were abstracted from clinical and research records on all
patients and maintained on a prospective basis. The primary
objective of this study was to investigate breakthrough
infections. The secondary objectives were to analyze the
safety and feasibility of the three regimens. The observation
period was defined as the period from the day before the start
of antifungal monoprophylaxis with itraconazole,
voriconazole, or posaconazole through the date two weeks
after the completion of oral antimycotic prophylaxis, up to a
maximum of 220 days after HSCT.

Administration of three azoles and co-medication

Each of the 50 pediatric patients and adolescents received
itraconazole at a dosage of 2 × 5 mg per kg of body weight
daily and voriconazole 2 × 100mg daily (body weight<40 kg)
or 2 × 200 mg (body weight>40 kg). According to the
posaconazole level analysis of the previous survey of 60
pediatric patients under 12 years of age in our clinic, the
dosage of posaconazole was 3 × 4 mg per kg of body weight
daily (maximum 3 × 200 mg/day) in this analysis [24].
Pediatric patients received aciclovir, cotrimoxazole, and
penicillin V simultaneously with the oral azoles in each group.

Assessment of efficacy

Proven, probable, and possible invasive fungal infections
were classified according to the National Institute of Allergy
and Infectious Diseases Mycoses Study Group (EORTC)
criteria [25, 26]. The analysis of galactomannan antigen was
measured until a minimum of day 100 after HSCT at least
once a week by the Platelia™ Aspergillus enzyme-linked
immunosorbent assay (ELISA) (Bio-Rad Laboratories,
Munich, Germany).

Assessment of safety and tolerance

Treatment-related side effects during the observation period
were analyzed and graded according to current US National
Cancer Institute’s Common Terminology Criteria for Adverse
Events [27]. Blood tests of electrolytes, hepatic, and kidney
parameters were statistically analyzed at the baseline time,
defined as the day before the start of oral antifungal
monoprophylaxis, along with the maximum and minimum
values during the therapy, as well as the value at the end of
antifungal prophylaxis, defined as the last day of treatment.

Measurement of cyclosporin A (CsA) levels in the blood
was regularly performed in pediatric patients that received
GvHD prophylaxis with CsA during the conditioning regimen
and after HSCT. This occurred at least twice per week. Trough
levels of CsA for pediatric patients who had received an
allogeneic HSCT from a matched donor were between 150–
180 μg/L. Recipients of a haploidentical graft from their
parents received mycophenolate mofetil instead.

Statistical analysis

The statistical comparison of the differences between the
results and the normal range values was performed by a one-
sample t -test, taking into account the 95 % confidence
intervals. The inferential statistical analysis between the
baseline values as well as the maximum and minimum
parameters and the parameters at the cessation of antifungal
monoprophylaxis was done by the Wilcoxon matched-pairs
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signed-ranks test. CsA levels during antifungal prophylaxis
were analyzed by the Friedman two-way analysis of variance
by ranks, due to non-normally distributed values in at least one
group or day, making a parametric analysis of variance
(ANOVA) for repeatedmeasures not appropriate. The analysis
of the hepatic and kidney parameters are presented as mean
values ± standard deviation. p -values of≤0.05 (*), p ≤
0.01(**), and p ≤0.001 (***) were defined as significant.
Values were only considered significant above the age-
adjusted reference. XLStat2010 (AddinSoft, Paris, France)
was used for the statistical analysis. Graphs were created with
GraphPad Prism 4 for Windows, version 4.03.

Results

Patients’ characteristics according to azole antifungal
prophylaxis

The comparative analysis of the efficacy, safety, and
feasibility of itraconazole, voriconazole, and posaconazole
was performed in a total of 150 pediatric patients (69 female,
81 males) between 0.6–17.7 years of age with hemato-
oncological malignancies, non-malignant diseases, and inborn
errors of metabolism. For the most part, the three patient
groups were similar. Significant differences in clinical
characteristics were noted regarding the myeloablative
conditioning regimen (p =0.013) and the donor, especially
the mismatched unrelated donor (p =0.005). The differences
were mostly found in the itraconazole group in relation to the
voriconazole and posaconazole groups. Patient and clinical
characteristics for each of the groups are summarized in
Tables 1 and 2. All patients were given one of the azoles as
primary oral antifungal monoprophylaxis after change from
intravenous antifungal prophylaxis following allogeneic
HSCT, i.e., 2 to 3 days before clinical discharge. The analysis
was carried out on 50 consecutive pediatric patients in our
clinic, who received itraconazole from 2006 to 2007 before
change of the antifungal monoprophylaxis to posaconazole in
2007. Fifty consecutive pediatric patients received
voriconazole as oral antifungal monoprophylaxis after
allogeneic HSCT between 2006 and 2010. There were two
reasons for using monoprophylaxis with voriconazole. In
general, the pediatric patients were children that had been
treated for hematological disease before transplantation at
other clinics and had already received prophylaxis with
voriconazole. The others were children who preferred tablets
than an oral suspension. This is also the reason why the survey
period for children in the voriconazole group was 4 years
(2006–2010). Fifty pediatric patients received posaconazole
from August 2010 to December 2011, directly after our first
publicized analysis of 60 pediatric patients under 12 years of
age receiving posaconazole as antifungal prophylaxis [24].

Mortality

A total of 9 of 150 (6 %) pediatric patients, five of them in the
itraconazole group, two in the voriconazole group, and two in
the posaconazole group, died of causes other than invasive
fungal infection during the observation period. The causes of
death were bacterial sepsis in one case, kidney failure in one
case, and in seven cases, a relapse of the underlying disease.
These patients were included in the analysis until antifungal
prophylaxis with oral antifungal azole was discontinued.

Intravenously pre-azole prophylaxis and discontinuation
during oral azole prophylaxis

The intravenous antifungal prophylaxis before the switch to
an oral antifungal monoprophylaxis consisted of liposomal
amphotericin B from day +1 after HSCT for all 50 pediatric
patients within the itraconazole group; in the voriconazole
group, 33 pediatric patients received liposomal amphotericin
B and 17 patients caspofungin prior to oral prophylaxis, and in
the posaconazole group, four patients received liposomal
amphotericin B and 46 patients caspofungin. Due to post-
transplant complications, a total of ten patients were changed
back to an intravenous antifungal prophylaxis during oral
antifungal prophylaxis during the treatment period with oral
antifungal prophylaxis: four cases in the itraconazole group,
three cases in the voriconazole group, and three cases in the
posaconazole group. The reasons were bacterial sepsis in three
cases, severe bacterial infection in one patient, viremia in three
cases, and acute intestinal GvHD grades II or III in three cases
at discharge.

Efficacy analysis

All 150 pediatric patients analyzed in this study were included
in the efficacy analysis. In all three groups, no case of proven
or probable invasive fungal infection according to the EORTC
guidelines occurred during the observation period [25, 26].
Possible invasive fungal infections were observed in 2 (4 %)
out of 50 pediatric patients in the itraconazole group, as well
as in 3 (6 %) out of 50 cases in the voriconazole group. There
were no possible invasive fungal infections observed in the
posaconazole group.

We found no significant differences comparing all three
drugs (n =2/3/0) by tests for differences in proportions (k -
sample test: p =0.235; df=2; Chi-square=2.896; Monte Carlo
simulation test: p =0.174; df=2; Chi-square=2.896), and no
statistically significant pairwise differences of posaconazole to
the other drugs (n =0/2, Fisher’s exact test, p =0.495; n =0/3,
Fisher’s exact test, p =0.242). In the itraconazole and
voriconazole groups, all five possible invasive infections were
with Aspergillus spp., with an increased galactomannan
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Table 1 Patient characteristics

ALL: acute lymphoblastic
leukemia; AML: acute
myelogenous leukemia; CML:
chronic myeloid leukemia; CsA:
cyclosporin A, JMML: juvenile
myelomonocytic leukemia;
MAC: myeloablative
conditioning; MDS:
myelodysplastic syndromes;
MFD: matched family donor;
MMFD: mismatched family
donor; MMUD: mismatched
unrelated donor; MTX:
methotrexate; MUD: matched
unrelated donor; NHL: non-
Hodgkin lymphoma; RIC:
reduced intensity conditioning;
TBI: total body irradiation; TLI:
total lymphoid irradiation

p-value: according to the
comparison of k proportions
(Chi-square test)

Characteristic Itraconazole
(n =50)

Voriconazole
(n =50)

Posaconazole
(n=50)

p-Value

No. of patients (%)

Gender

Male 31 (62) 23 (46) 27 (54) 0.276

Female 19 (38) 27 (54) 23 (46) 0.276

Age group

<6 years 21 (42) 25 (50) 20 (40) 0.567

6–11 years 12 (24) 14 (28) 13 (26) 0.901

12 to<18 years 17 (34) 11 (22) 17 (34) 0.319

Primary diagnosis

ALL 17 (34) 16 (32) 9 (18) 0.152

AML 11 (22) 8 (16) 4 (8) 0.150

JMML – 3 (6) – 0.047

CML 1 (2) 1 (2) – 0.602

MDS 6 (12) 1 (2) 5 (10) 0.149

NHL – 2 (4) 1 (2) 0.360

Solid tumors 6 (12) 5 (10) 8 (16) 0.656

Aplastic anemia 2 (4) 9 (18) 14 (28) 0.005

Neurometabolic disease 4 (8) 2 (4) 2 (4) 0.590

Immunodeficiency 2 (4) 4 (8) 6 (12) 0.337

Chédiak–Higashi syndrome 1 (2) – 1 (2) 0.602

Donor

MUD 13 (26) 13 (26) 14 (28) 0.966

MMUD 8 (16) 1 (2) 1 (2) 0.005

MMFD 18 (36) 31 (62) 23 (46) 0.032

MFD 11 (22) 5 (10) 12 (24) 0.151

Radiation

TBI 13 (26) 6 (12) 6 (12) 0.095

TLI 2 (4) 4 (8) 3 (6) 0.701

Conditioning regimen

MAC 33 (66) 22 (44) 19 (38) 0.013

RIC 17 (34) 28 (56) 30 (60) 0.020

No conditioning – – 1 (2) 0.365

GvHD prophylaxis

Thymoglobulin 26 (52) 18 (36) 31 (62) 0.032

Muromonab 13 (26) 26 (52) 14 (28) 0.010

Mycophenolate mofetil 15 (30) 17 (34) 22 (44) 0.324

CsA 7 (14) 17 (34) 9 (18) 0.038

CsA+MTX 26 (52) 14 (28) 17 (34) 0.036

MTX 1 (2) – – 0.365

Systemic corticosteroids

During transplant period 28 (56) 24 (48) 19 (38) 0.196

At time of discharge 8 (16) 12 (24) 7 (14) 0.387

GvHD

Grade I 12 (24) 11 (22) 14 (28) 0.778

Grade II 10 (20) 7 (14) 7 (14) 0.640

Grade III – 1 (2) 1 (2) 0.602

Grade IV – – – –

Chronic limited 1 (2) 1 (2) – 0.602

Chronic extensive – 1 (2) 1 (2) 0.602
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antigen that was detected in more than two consecutive blood
samples.

Safety and feasibility analysis

Adverse events potentially related to itraconazole treatment
were observed in six patients (12.0 %), in seven (14.0 %)
related to voriconazole, and in four (8.0 %) pediatric patients
related to posaconazole treatment (Table 3). These adverse
events were of severity grades I or II [27]. No significant
difference was found between the three antimycotics
concerning the percentage of potentially drug-related adverse
events by the k -sample tests for differences in proportions (p =
0.6285; df=2; Chi-square=0.9288). Oral antifungal
prophylaxis was stopped in three of the six cases treated with
itraconazole, in four of the seven receiving voriconazole, and
in three of the four receiving posaconazole. The change of oral
antifungal prophylaxis was from itraconazole to voriconazole,
from voriconazole to posaconazole, and from posaconazole to
voriconazole. These patients were included in the analysis up
to the last day of their treatment with the initial azole.
Reconstitution of hematopoiesis including leukocytes,
neutrophils, lymphocyte subpopulations, and platelets
proceeded in a timely fashion. Statistical analysis of the
transaminases showed a significant increase beyond the upper
normal limit of alanine aminotransferase (ALT, normal
value≤39 U/L) and aspartate aminotransferase (AST, normal
value≤39 U/L) (as shown by the one-sample t -test), and a
significant difference between the baseline and maximum
levels of ALT and AST (as shown by the Wilcoxon
matched-pairs signed-ranks test) in all three groups without
clinical symptoms (Fig. 1). Total bilirubin (normal
value≤1.1 mg/dl) also increased during itraconazole,
voriconazole, and posaconazole treatments, but remained
within the age-adjusted normal range. The kidney parameters
creatinine (normal value≤0.7 mg/dl) and urea (normal
value≤46 mg/dl) showed an increase within all three groups
during the antifungal monoprophylaxis, which were not

significantly above age-adjusted reference values. Low
potassium levels<3.4 mmol/L were observed in 23 (46 %)
of the patients in the itraconazole group, in 19 (38 %) of the
voriconazole group, and in 3 (6 %) cases in the posaconazole
group (Table 3). The serum electrolytes calcium (normal
value≥2.0 mmol/L), phosphate (normal value≥1.1 mmol/L),
and bicarbonate in the blood gas analyses (normal
value≥21 mmol/L) remained in the normal range during
antifungal monoprophylaxis with itraconazole, voriconazole,
or posaconazole (Fig. 2).

Cyclosporin A levels

CsA levels during oral antifungal monoprophylaxis were
evaluable in 18 patients in the itraconazole group, in 16
patients in the voriconazole group, and in 20 patients in the
posaconazole group (Table 3). In all three groups, an increase
but no significant differences of CsA levels were observed
between days 2–3, 4–6, and 8–12 after the start of oral
antifungal prophylaxis with itraconazole (p =0.51),
voriconazole (p =0.73), and posaconazole (p =0.28) using
the Friedman test. CsA dosage was reduced in four (22.2 %)
cases within the itraconazole group, in six cases (37.5 %)
within the voriconazole group, and in seven (35 %) cases
within the posaconazole group during the first 12 days of
antifungal monoprophylaxis. The dose of CsA was reduced
by up to 12% in the itraconazole group and in the voriconazole
group, and up to 25 % in the posaconazole group.

Discussion

Clinical guidelines provide recommendations for oral
antifungal prophylaxis in adult patients. However, comparable
guidelines for pediatric patients after allogeneic HSCT are
based on insufficient data [28–30]. The very good results
regarding the efficacy and low incidence of side effects of
posaconazole in adults and breakthrough infections in
immunocompromised pediatric patients with other azoles in
our clinic was the rationale for changing to posaconazole for
oral prophylaxis in pediatric patients [22, 23]. After the
favorable results of our first analysis of posaconazole in 60
pediatric patients, the intention of this analysis was to assess
another group of pediatric patients in regards to posaconazole
prophylaxis [24]. We compared posaconazole with
itraconazole and voriconazole during the initial and post-
transplant period up to a maximum of 220 days after
allogeneic HSCT in 150 pediatric patients. The efficacy of
each drug was very good, as no proven or probable fungal
invasive infection occurred in any of the three treatment
groups during the observation period. In view of possible
invasive fungal infections in the present analysis,
posaconazole as antifungal prophylaxis after allogeneic

Table 2 Clinical characteristics

Characteristic Itraconazole
(n =50)

Voriconazole
(n=50)

Posaconazole
(n =50)

Median (range)

Age in years 8.5 (0.5–17.3) 7.0 (0.75–17.8) 8.0 (1.6–17.7)

Observation period
(until day after
HSCT)

168 (17–220) 171 (18–216) 153 (15–218)

Treatment period, days 120 (33–189) 116 (44–182) 119 (30–181)

Duration of neutropenia
(≤500 cells/μL),
days

16 (9–46) 11 (9–27) 14 (9–31)
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HSCT seems to be more effective than antifungal prophylaxis
with itraconazole or voriconazole after allogeneic HSCT.

However, due to the patient characteristic of the
itraconazole and voriconazole groups, the risk profile for the
occurrence of invasive fungal infections was slightly higher
than for the posaconazole group, since there were fewer
patients in this group, i.e., n =19 (38 %), who were receiving
a myeloablative conditioning regimen. The itraconazole and
voriconazole groups had n =33 (66 %) and n =22 (44 %)
patients, respectively. In addition to our first 60 pediatric
patients who received oral antifungal prophylaxis with

posaconazole after allogeneic HSCT, the efficacy of
posaconazole as antifungal therapy has also been reported in
small groups of pediatric patients [24, 31, 32]. In a multicenter
retrospective survey of 15 pediatric patients with invasive
fungal infections, posaconazole has been shown to be an
effective antifungal salvage therapy for proven and probable
fungal infections [31]. In another retrospective survey, 12 of
15 pediatric patients had an invasive fungal infection with
lung involvement [32]. In this survey, posaconazole given as
rescue therapy improved significantly clinical-radiological
signs in 9 of these 12 patients.

Table 3 Clinical and laboratory adverse events during antifungal prophylaxis

Characteristic Itraconazole (n=50) Voriconazole (n =50) Posaconazole (n =50) p-Value

No. of patients (%)

Drug-related adverse events

Clinical (total) 6 (12) 7 (14) 4 (8) 0.629

Fever 1 (2) – – 0.365

Nausea 2 (4) 2 (4) 3 (6) 0.861

Vomiting 1 (2) – 1 (2) 0.602

Diarrhea – 1 (2) – 0.365

Exanthema 2 (4) – – 0.132

Skin photosensitization – 2 (4) – 0.132

Perspiration – 2 (4) – 0.132

Increase in alanine aminotransferase

>1.5× normal value 39 U/L 17 (34) 7 (14) 8 (16) 0.027

>2.5× normal value 39 U/L 4 (8) 3 (6) 9 (18) 0.114

Increase in aspartate aminotransferase

>1.5× normal value 39 U/L 13 (26) 10 (20) 8 (16) 0.462

>2.5× normal value 39 U/L 2 (4) 2 (4) 5 (10) 0.345

Decrease in potassium

<3.4 mmol/L 22 (44) 18 (36) 3 (6) <0.0001

<2.4 mmol/L 1 (2) 1 (2) – 0.602

Decrease in calcium

<2.0 mmol/L 6 (12) 11 (22) 2 (4) 0.025

<1.8 mmol/L 2 (4) 3 (6) – 0.235

Decrease in phosphate

<1.1 mmol/L 11 (22) 11 (22) 10 (20) 0.961

<0.8 mmol/L 3 (6) 10 (20) 1 (2) 0.005

Decrease in bicarbonate

<21 mmol/L 11 (22) 17 (34) 10 (20) 0.220

<18 mmol/L 1 (2) – – 0.365

CsA level

≥1.5× baseline days 2–3 3 (6) 1 (2) 3 (6) 0.549

≥2.0× baseline days 2–3 – 2 (4) 1 (2) 0.360

≥1.5× baseline days 4–6 – 3 (6) 4 (8) 0.397

≥2.0× baseline days 4–6 – 3 (6) 3 (6) 0.876

≥1.5× baseline days 8–12 – 3 (6) – 0.235

≥2.0× baseline days 8–12 – 2 (4) 1 (2) 0.773

p-value: according to the comparison of k proportions (Chi-square test)
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In view of the clinically relevant side effects, our analysis
showed that there were fewer occurrences in the posaconazole
(8 %) group than in the itraconazole (12 %) and voriconazole
(14 %) groups. Power was low (16.2 %, post-hoc power
analysis) to detect a difference between voriconazole and
posaconazole treatment percentages of potentially drug-
related adverse events, and even lower for the other
comparisons (between itraconazole and posaconazole, and

itraconazole and voriconazole). Therefore, the fact that no
significant difference was found must be cautiously
interpreted [33]. The spectrum of clinically relevant side
effects within the posaconazole group was limited to
gastrointestinal complaints such as nausea and vomiting.
Similar side effects were observed in 9 (8.5 %) of the 106
adults in another study, who were given antifungal
prophylaxis with posaconazole after HSCT [34]. Itraconazole

Fig. 1 Hepatotoxicity. Values of
liver enzymes and cholestasis
parameters are shown on the day
before the start of oral antifungal
prophylaxis (baseline), maximum
values during (maximum) and end
of itraconazole (white columns),
voriconazole (gray columns), and
posaconazole (dark gray
columns) treatment (end). a Mean
and standard deviation (SD) of
serum alanine aminotransferase
(ALT) (normal value≤39 U/L).
b Serum aspartate
aminotransferase (AST) (normal
value≤39 U/L). c Total bilirubin
(normal value≤1.1 mg/dl).
d Direct bilirubin (normal
value≤0.3 mg/dl). e Serum
alkaline phosphatase (AP)
(normal value≤320 U/L). The
horizontal line indicates the
normal value. Statistical analysis
of ALT and AST by the one-
sample t-test showed a significant
increase beyond the upper normal
limit. A significant increase (by
the Wilcoxon matched-pairs
signed-ranks tests) of ALT
between baseline and maximum
in all three groups, itraconazole
(p=0.0007), voriconazole
(p=0.0151), posaconazole
(p=0.00066), and a significant
increase of AST during
itraconazole (p=0.0013),
voriconazole (p=0.0032), and
posaconazole (p=0.0024)
treatment was detected. Total
bilirubin, direct bilirubin, and
alkaline phosphatase during
itraconazole, voriconazole, and
posaconazole treatment remained
within the age-corrected normal
range. None of these changes was
clinically relevant
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was accompanied by fever and exanthema, and voriconazole
was additionally marked by skin photosensitization, increased
sweats, and diarrhea. Other studies have shown a broad
spectrum of side effects during voriconazole treatment. In a
prospective multicenter trial involving 45 allogeneic stem cell
transplant recipients with previous proven or probable
invasive fungal infection that received voriconazole as
secondary antifungal prophylaxis, abdominal disorders such
as diarrhea, vomiting, abdominal pain, nausea, as well as
pyrexia, headache, and rash were observed [35]. In another
study of 69 pediatric patients with invasive fungal infections
who were intolerant or refractory to conventional antifungal
therapy and, therefore, received voriconazole as antifungal
treatment, the most commonly reported adverse events in
33 % of the patients were skin rash, abnormal vision, and a
photosensitivity reaction [12]. In the present analysis, the
toxicity profile during antifungal prophylaxis with
posaconazole was comparable to voriconazole and
itraconazole. Similar laboratory changes occurred within all
three groups, showing elevation of liver enzymes significantly
above normal values during antifungal monoprophylaxis
without functional relevance. An increase of liver enzymes
was also observed in a pilot study that analyzed the safety and
efficacy of intravenous and oral itraconazole prophylaxis in
pediatric hematopoietic stem cell transplantation [13]. During
the antifungal therapy with voriconazole, 13.8 % of the
pediatric patients also experienced treatment-related adverse

events with an increase of transaminases or bilirubin [12]. In a
prospective study of hemato-oncological patients with GvHD
during posaconazole prophylaxis, an increase of hepatic
enzymes and bilirubinemia were observed [23]. Similar to
our previous posaconazole analysis, we observed a significant
increase of liver enzymes ALT and AST that were over the
normal values during antifungal prophylaxis with
posaconazole [24]. This significant increase was observed at
a median of day 12 (range day 8–16) after the start of
treatment with posaconazole, and decreased to normal values
at a median of up to day 26 (range day 22–32) after the start of
treatment with posaconazole. Renal parameters and
electrolytes showed no clinically relevant changes in all three
groups. In our analysis, an increase of CsA trough levels was
observed in all three groups after the start of treatment with
oral antifungal prophylaxis. This was not clinically relevant,
although dosage reduction was required.

The observation of the increase in CsA level in the current
analysis with the co-administration of posaconazole
confirmed our observations from our first posaconazole
analysis, where a dose reduction of CsA to 32 % was required
[24]. Another pharmacokinetic analysis showed that a CsA
dose reduction of up to 50 % was necessary with concomitant
posaconazole treatment [36].

Despite the excellent efficacy of the three analyzed
antifungal agents in this study, some azole-susceptible yeasts
may be colonized or pathogenic. The comparison of

Fig. 2 Electrolytes. Mean and
standard deviation (SD) of
electrolytes in peripheral blood.
a Potassium (normal
value>3.4 mmol/L). b Calcium
(normal value>2.1 mmol/L).
c Phosphate (normal
value>0.8 mmol/L. d
Bicarbonate (normal
value>21 mmol/L) on the day
before the start of oral antifungal
prophylaxis (baseline), minimum
values during (minimum) and end
of itraconazole (white columns),
voriconazole (gray columns), and
posaconazole (dark gray
columns) treatment (end). The
horizontal line indicates the
normal value. Statistical analysis
by the one-sample t-test showed
no significant decrease below the
lower limit of the normal range
during antifungal
monoprophylaxis
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antifungal monoprophylaxis with different azoles in
immunocompromised patients showed a species-specific
reduction in the numbers of colonizers [37]. However, there
were occurrences of invasive fungal infections with Candida
glabrata , most probably due to decreased susceptibility or the
poor responsiveness of this species to the treatment with
azoles. This represents a greater risk for the progression of
invasive fungal infections. A multicenter study aimed at
investigating the susceptibility distribution of antifungal
agents observed patterns of complete parallel resistance more
within azoles (8.8 %) than echinocandins (1.7 %) [38].

In summary, this analysis showed that all azoles proved to
be very effective in the prevention of proven and probable
fungal infections after allogeneic HSCT in pediatric patients.

To make further statements regarding efficacy, the analysis
of a larger number of patients is required. Moreover, a drug
monitoring of future prospective trials with posaconazole
should be done in order to better understand the
pharmacokinetic properties and interactions with other drugs
(antibiotics, immunosuppressants) after HSCT.
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