
Posaconazole with Combination Salvage Treatment in  
Pediatric Immunocompromised Patients
Bağışıklığı Baskılanmış Çocuk Hastalarda Posakonazol ile  

Kombinasyon Kurtarma Tedavisi

Murat Sütçü1, Hacer Aktürk1, Serap Karaman2, Manolya Kara1, Zeynep Karakaş2, Nuran Salman1,  
Sema Anak2, Ayper Somer1 
1 Department of Pediatric Infectious Diseases, Istanbul University School of Istanbul Medicine, Istanbul, Turkey
2 Department of Pediatric Hematology and Oncology, Istanbul University School of  Istanbul Medicine, Istanbul, Turkey

DOI: 10.5578/ced.201802  •   J Pediatr Inf 2018; 12(1): e8-e14

Original Investigation / Özgün Araştırma

©Copyright 2018 by Pediatric
Infectious Diseases Society -Available online at

www.cocukenfeksiyon.org

©Telif Hakkı 2018
Çocuk Enfeksiyon Hastalıkları Derneği -Makale metnine
www.cocukenfeksiyon.org web sayfasından ulaşılabilir

Correspondence Address / Yazışma Adresi

Murat Sütçü 
İstanbul Üniversitesi İstanbul Tıp Fakültesi,  
Çocuk Enfeksiyon Hastalıkları Bilim Dalı, 
İstanbul-Türkiye

E-mail: sutcu13@yahoo.com

Abstract

Objective: Posaconazole is a recently developed wide-spectrum 
antifungal medication for which insufficient data is available regarding 
its potential pediatric use as a salvage therapy for systemic fungal 
infections in Turkey. The present study makes a retrospective review of 
the use of posaconazole as a salvage therapy.

Material and Methods: The study included patients aged between 13 
and 18 years who had undergone posaconazole salvage therapy for the 
treatment of invasive fungal infections (IFI) between 2010 and 2015. 
Demographical and clinical data was collected retrospectively from 
patient files. All patients were given the posaconazole active substance 
with the trade name Noxafil® in a 40 mg/mL oral suspension, divided 
into four doses of 800 mg/day.

Results:  Posaconazole salvage therapy was used in a total of six patients 
with a median age of 14.5 years (range 13-16 years), of which two had a 
primary immunodeficiency, and four had hematological malignancies. 
Antifungal therapy was initiated for proven, probable and possible IFI in 
one, four and one patients, respectively, of which five patients had lung 
involvement and one had central nervous system (CNS) involvement. 
Posaconazole was given to all patients in combination with another 
antifungal medications in a weight-based median dose of 5 mg/kg. 
Blood concentrations of the drug were not measured. Of the total, 
two patients responded completely to therapy and were switched to 
posaconazole prophylaxis treatment; posaconazole was switched with 
another antifungal agent in one patient who experienced progressive 
infection, and three patients whose primary disease was not under 
control died while receiving therapy for active fungal infections.

Özet

Giriş: Posakonazol yakın zamanda geliştirilmiş geniş spektrumlu bir an-
tifungal ilaçtır. Ülkemizde çocuk yaş grubunda sistemik mantar enfeksi-
yonlarının kurtarma tedavisinde kullanımı hakkında yeterli veri yoktur. 
Bu çalışmada, kurtarma tedavisi olarak posakonazol kullanımının geriye 
dönük olarak değerlendirilmesi amaçlanmıştır.

Gereç ve Yöntemler: Çalışmaya 2010-2015 yılları arasında invaziv man-
tar enfeksiyonu (İME) kurtarma tedavilerinde posakonazol kullanılan 
13-18 yaş arası olgular dahil edildi. Demografik ve klinik bilgiler hasta 
dosyalarından geriye dönük olarak tarandı. Tüm olgularda posakonazol 
etken maddeli Noxafil® 40 mg/mL oral süspansiyon, 800 mg/gün dört 
bölünmüş dozda kullanıldı. 

Bulgular: Ortanca yaşı 14.5 yıl (aralık 13-16 yaş) olan toplam altı olgu-
da posakonazol kurtarma tedavisi kullanıldı. İki olguda primer immün-
yetmezlik, dört olguda ise hematolojik malignite saptandı. Bir olguya 
kanıtlanmış, dört olguya mümkün ve bir olguya da olası İME nedeniyle 
antifungal tedavi başlanmıştı. Beş olguda akciğer tutulumu, bir olguda 
merkezi sinir sistemi (MSS) tutulumu vardı. Posakonazol bütün olgular-
da başka bir antifungal ilaç ile beraber verildi. Kilo bazlı ortanca doz 5 
mg/kg/doz idi. İlaç kan düzeyi ölçülemedi. İki olguda tam yanıt alınarak 
posakonazol ile profilaksiye geçildi. Bir olguda enfeksiyonun ilerlemesi 
nedeniyle posakonazol başka bir anifungal ile değiştirildi. Primer has-
talıkları kontrol altına alınamayan üç olgu aktif mantar enfeksiyonu ve 
tedavisi devam ederken kaybedildi.
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Introduction

Immunosuppression resulting from primary or secondary 
causes poses a high risk for the development of invasive fun-
gal infections. Among these, the most commonly known and 
encountered form is that seen in patients undergoing che-
motherapy due to hematological malignancies or those who 
have undergone a stem-cell transplant (SCT). Incidences of 
invasive fungal infections (IFI) have been reported in approx-
imately 10 percent of patients with childhood acute myeloid 
leukemia (AML) or recurrent acute myeloid leukemia, and in 
patients receiving allogeneic SCT (1). This rate may vary de-
pending on the chemotherapy protocol used and other risk 
factors in children undergoing treatment for acute lympho-
blastic leukemia (ALL). Incidences of IFI are lower among pedi-
atric patients who receive autologous SCT for non-Hodgkin’s 
lymphoma (< %5) (1). On the other hand, another important 
risk group for IFI is patients with primary immunodeficiencies, 
who are being encountered more often as awareness of the 
condition increases, and due to improvements in diagnostic 
methods. In particular, chronic granulomatous disease, con-
genital neutropenias and type 1 leukocyte adhesion defects 
are among the primary immunodeficiencies that carry a sig-
nificant risk of IFI (2).

Systemic fungal infections caused by yeast and/or fun-
gus species may be encountered during the treatment and 
follow-up periods of all the above-mentioned conditions, al-
though the most common species involved in these infections 
are Candida and Aspergillus (3,4). Diagnosing IFI is particularly 
challenging in pediatric practice, as there are usually no spe-
cific complaints or signs, and blood cultures rarely come back 
positive, particularly in the presence of aspergillosis infec-
tions, while other microbiological diagnostic methods fail to 
achieve 100 percent sensitivity (5). Blood cultures were found 
to be positive in less than half of the cases in which a tissue in-
vasion of Candida infection occurred, based on an autopsy (6). 
Any delay in the initiation of antifungal treatments resulting 

from such diagnostic challenges may have unfavorable conse-
quences. Antifungal prophylaxis is therefore recommended in 
the presence of diseases associated with IFI incidences of ≥10 
percent, including AML, high-risk ALL, recurrent leukemia and 
allogeneic SCTs (7). On the other hand, there are no such clear 
recommendations for the use of antifungal prophylaxis in the 
presence of primary immunodeficiency syndromes, and every 
center follows their own protocols. Still, antifungal prophylaxis 
is strongly recommended, particularly in patients followed-up 
with a diagnosis of chronic granulomatous disease (2).

Posaconazole is a recently developed second-generation 
azole group of antifungal medications. Like all other azole 
groups of medication, it shows activity by inhibiting the func-
tions of the enzyme (lanosterol 14 alpha-demethylase) re-
quired for ergosterol synthesis in the fungal cell membrane. 
It has shown to be effective against all species of fungi with 
ergosterol in their cytoplasmic membrane (yeasts, fungus, 
zygomycetes and dermatofits), and is becoming more com-
mon in pediatrics (8,9). Current guidelines stated that it can 
be used for primary prophylaxis in pediatric (age ≥ 13 years) 
cancer patients or in patients receiving SCT, and also for the 
treatment of proven or possible fungal infections, with vary-
ing degrees of evidence (1). In terms of primary immunode-
ficiencies, previous reports have described its use in chronic 
granulomatous disease (10,11). Although it is approved only 
for pediatric patients aged 13 years and above, it is still used 
off-label for salvage therapy in the treatment of younger pa-
tients (12). It is currently available as an oral suspension, as an 
extended-release tablet and, most recently, in an intravenous 
form. The monitoring of serum drug concentrations is recom-
mended during treatment due to problems with drug absorp-
tion, and the generally recommended target concentrations 
are > 700 µg/L (1). The present study makes a retrospective 
review of the safety and efficacy of posaconazole when used 
as a salvage therapy for invasive fungal infections in pediatric 
patients with cancer or primary immunodeficiencies at a sin-
gle center. 

Conclusion: A posaconazole oral suspension was used for the treatment 
of IFI in a complicated patient group, and a treatment success rate of 33 
percent was recorded. It is possible that the target blood concentrations 
of the drug were not achieved, as the dosage used per kilogram body 
weight was relatively low and blood concentrations were not measured. 
As a result of problems associated with absorption and appropriate 
dosing of posaconazole in adolescents, it would appear to be a sensible 
approach to measure blood concentrations of posaconazole in order to 
ensure safe and effective therapy. 

Keywords: Children, immunocompromised, posaconazole, salvage 
therapy

Sonuç: Posakonazol oral süspansiyon, komplike bir hasta grubunda İME 
kurtarma tedavisinde kullanılmış ve %33 oranında tedavi başarısı sağ-
lanmıştır. Kilograma göre kullanılan dozlar görece düşük olduğundan 
ve ilaç kan düzeyi ölçülemediğinden hedef kan düzeylerine ulaşılama-
mış olabilir. Emilim ve özellikle ergen yaş grubundaki dozaj sorunları 
nedeniyle posakonazolün güvenle ve etkin olarak kullanılabilmesi için 
beraberinde ilaç düzeyi ölçümünün yapılabilmesi gerekmektedir.

Anahtar Kelimeler: Bağışıklığı baskılanmış, çocuk, posakonazol,  
kurtarma tedavisi
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Materials and Methods

A retrospective review was made of the medical records of 
patients (aged 13-18 years) who had been given oral posacon-
azole 4 x 200 mg as a part of a salvage therapy for IFI between 
2010 and 2015 in Department of Pediatric Infectious Diseases. 
Clinical and laboratory data was retrieved from patient files 
and hospital records, and demographical information on the 
patients, primary diagnoses, indications for antifungal treat-
ment, radiological and microbiological findings, concomitant 
therapies, posaconazole dosage, side effects (liver function 
test increase, rash, nausea, vomiting, QTC prolongation on 
ECG) and data on treatment outcomes were recorded. All pa-
tients were given a posaconazole active ingredient via an oral 
suspension formulation of Noxafil® 40 mg/mL. Serum levels 
of posaconazole were not monitored in our clinics (due to 
technical limitations).

Definitions

Proven IFI (13): The reproduction of yeast or mold in the 
blood or sterile body fluids (aside from samples obtained from 
urine, bronchoalveolar lavage and cranial sinuses); or demon-
strations of hypha or yeast forms via histopathological meth-
ods or direct microscopy. 

Probable IFI (13): Presence of a disease/clinical condition 
that may predispose the host to fungal infections [neutrope-
nia, allogeneic SCT, long-term corticosteroid use, receiving 
T-cell suppression therapy, primary immunodeficiency (such 
as chronic granulomatous disease, severe combined immu-
nodeficiency)], presence of clinical findings consistent with 
fungal infection and supportive positive mycological findings 
(demonstration of mold in the sputum, bronchoalveolar la-
vage or sinus aspiration samples by cytology, direct micros-
copy or culture, or detection of galactomannan antibody in 
serum, bronchoalveolar lavage or cerebrospinal fluid, or de-
tection of β-D-glucan in serum).

Possible IFI (13): Clinical signs consistent with fungal in-
fections and predisposing host factors, in the absence of sup-
portive positive mycological findings.

Complete clinical response or complete recovery: Com-
plete resolution of clinical and radiological findings attributed 
to fungal infection and the ability to stop antifungal therapy.

Partial clinical response or partial recovery: Recovery of 
clinical signs attributed to fungal infection and a minimum 50 
percent decrease in the size of radiological findings.

Progressive disease: Progression of clinical and/or radio-
logical findings attributed to fungal infection requiring the 
treating physician to change the antifungal treatment dose 
and/or the agent used in treatment.

Results

Posaconazole was used for IFI salvage therapy in six pa-
tients aged between 13 and 16 years, with a median age of 
14.5 years (Table 1). The primary underlying disease was pri-
mary immunodeficiency in two patients and hematologic ma-
lignancy in four, while five patients had lung involvement and 
one patient had central nervous system (CNS) involvement. 
Antifungal therapy was initiated for proven, probable and 
possible IMI in one, four and one patients, respectively. Lung 
tissue cultures were positive for the growth of Aspergillus fumi-
gatus in one patient, and four patients were positive for galac-
tomannan antibodies. The only patient (patient 4) without any 
positive supportive mycological findings was a 12-year-old 
boy who had been diagnosed with chronic granulomatous 
disease at age of 3.5 years. A thoracic computerized tomogra-
phy, obtained following an increase in respiratory complaints 
from the patient, showed a consolidation and destruction of 
the neighboring bone-soft tissues along the tracheal verte-
brae and periosteal elevation. An invasive diagnostic interven-
tion could not be made due to absence of family consent, and 
the patient was thus considered as a case of possible IFI. The 
patient with central nervous system involvement (patient 6) 
experienced a seizure while undergoing phase 2 chemothera-
py in the fifth month for standard risk ALL, and a later CNS im-
aging revealed nodular lesions of 1 cm in diameter consistent 
with fungal infection in the right frontal region. The patient 
was considered to have probable IFI, as he was also positive 
for galactomannan antibodies, and so treatment was initiated. 

Of the total, five patients were already under primary fun-
gal prophylaxis with fluconazole before the development of 
IFI, and all patients with hematological malignancies were 
neutropenic at the time of developing IFI. Before the initiation 
of posaconazole, all patients were given concomitant or con-
secutive therapies involving at least two different antifungal 
medications (median time: 13 months, range: 4-60 months). 
One patient with chronic granulomatous disease and invasive 
pulmonary aspergillosis (patient 5) underwent a surgical in-
tervention before the initiation of posaconazole therapy. In all 
patients, posaconazole was added to and given in combina-
tion with at least one previously initiated antifungal medica-
tion (Table 1).

As a result of insufficient treatment response or disease 
progression, primary antifungal treatment regimen was 
changed in all cases except one. In the patient with CNS in-
volvement (patient 6), the primary treatment was changed 
due to the onset of side effects. The patient had been started 
on voriconazole-caspofungin treatment, and lesion regression 
was noted, however voriconazole was stopped in the fourth 
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month of treatment as the patient developed auditory-visual 
hallucinations and posaconazole was initiated while continu-
ing caspofungin. This new drug combination maintained the 
regression in the lesions, and a decision was made to continue 
treatment with posaconazole alone. As the lesion complete-
ly disappeared during follow-up, the patient was switched to 
secondary prohylaxis with posaconazole.

Posaconazole was used in doses of 4 x 200 mg in all pa-
tients. The mean daily dosage was 5 mg/kg (Range: 4 mg/kg/
dose- 8 mg/kg/dose), and median exposure to posaconazole 
was 17 months (range: 2-60 months).

Of the total, two patients (recurrent ALL after stem-cell 
transplant) who were receiving antifungal therapy, including 
caspofungin, liposomal amphotericin-B and posaconazole, 
and one patient (recurrent AML) who was being treated with 
caspofungin and posaconazole therapy died due to fungal in-
fections and an uncontrolled primary disease. Sufficient clin-
ical and radiological response was achieved in two patients, 
and the other concomitantly used antifungal medications 

of these patients were stopped, with secondary prophylax-
is treatment given with posaconazole alone. These patients 
are still receiving secondary prophylaxis with posaconazole. 
Posaconazole was stopped and voriconazole treatment was 
initiated in another patient who developed a progressive in-
fection, being the 16-year-old patient with chronic granulo-
matosis and invasive pulmonary aspergillosis who had under-
gone a surgical operation. In the second year of posaconazole 
treatment, the medication of this patient was changed after a 
lung tomography revealed the development of a new lesion. 
The most commonly recorded side effect was transient nau-
sea (4 patients), which was identified in five patients from liv-
er enzyme levels at different time points during the course of 
posaconazole treatment. That said, no clear association with 
posaconazole treatment could be established, as these pa-
tients were receiving several concomitant antimicrobial and 
chemotherapeutic medications. No discontinuation of treat-
ment was deemed necessary for that reason in any case.

Table 1. Clinical characteristics of patients receiving posaconazole salvage therapy

Age/
Gender

Primary 
disease

Mycological 
findings

Radiological findings
Other antifungal 

medication(s) combined 
with posaconazole

Outcome

Patient 1 14 / M
Recurrent 
ALL after 

SCT

Galactomannan-
positive

Cavitary lesion in the left lung 
lower lobe and extensive 

consolidation in both lungs

Liposomal Amphotericin B 
+ Caspofungin

Died

Patient 2 14 / M
Recurrent 
ALL after 

SCT

Galactomannan-
positive

Extensive nodular infiltration 
in both lungs

Liposomal Amphotericin B 
+ Caspofungin

Died

Patient 3 16 / F
Recurrent 

AML
Galactomannan-

positive

Nodular infiltration in right 
lung middle lobe, halo sign, 

consolidation
Caspofungin Died

Patient 4 15 / M CGD -

Bone-soft tissue involvement 
in the left lung lower lobe 
along the vertebrae and 
consolidated region with 

periosteal elevation

Liposomal Amphotericin B
Complete response, secondary 

prophylaxis with posaconazole for 
four months

Patient 5 16 / F CGD

Aspergillus 
fumigatus 

growth in lung 
tissue culture

Fungus ball in left lung 
lower lobe, consolidated 

region with bone-soft tissue 
involvement neighboring the 
lesion in (left lung lower lobe) 

(?), consolidation in the left 
lung upper lobe

Liposomal Amphotericin B

While partial response was 
achieved with posaconazole, 

the treatment was switched to 
voriconazole due to growth of lung 

lesion and development of new 
lesion on 23rd month of treatment.

Patient 6 13 / F
ALL 

(standard 
risk)

Galactomannan-
positive

Cranial MR showed a 1 cm 
diameter nodular lesion 

located in the right frontal 
region

Caspofungin

Partial response was achieved 
when posaconazole was initiated, 
posaconazole provided complete 

response and the patient is on 
complete response for eight 

months and receiving secondary 
prophylaxis with posaconazole for 

four months. 

AC: Lung, ALL: Acute lymphoid leukemia, AML: Acute myeloid leukemia, M: Male, F: Female, SCT: Stem-cell transplant, CGD: Chronic granulomatous disease.
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Discussion

This report reports on the experiences of a university hos-
pital with posaconazole use in pediatric patients requiring IFI 
therapy. While several international reports have been pub-
lished on this topic, to the best of our knowledge, this is the 
first such data to be reported from Turkey. According to our 
data, posaconazole was used as IFI salvage therapy in six pa-
tients with an underlying severe immunodeficiency, and com-
plete response was achieved in two patients, who were then 
switched to prophylaxis. Side effects emerged requiring the 
discontinuation of medical therapy, and three patients died 
despite receiving combined antifungal therapy, including po-
saconazole, as their primary disease could not be controlled 
and fungal infections did not respond to treatment. There 
have to date been several studies investigating the efficacy, 
safety and dose-plasma concentration relationship of the 
off-label use of posaconazole in pediatric IFI patients, includ-
ing those younger than the age of 13 years. In a multi-center 
phase three trial, Krishna et al. compared data obtained from 
12 children aged between 8 and 17 years with data collect-
ed from adult patients, and reported similar success rates and 
side effect profiles (14). Aside from one, all previous studies in-
volved the use of 800 mg/day posaconazole in divided doses, 
and the median dose used in pediatric patients was 16.5 mg/
kg/day. Successful outcomes were achieved with posacon-
azole treatment in nine (75%) of 12 cases in another study, 
while a further study evaluated the use of posaconazole in 
the treatment of suspected or proven fungal infections in 33 
pediatric and adolescent cancer patients (median age: 11.5 
years, range: 5 months–23 years) and reported progressive in-
fections with this treatment in four patients (14). The median 
dose of posaconazole used in that study was reported as 17 
mg/kg. It was stated that weight-based dose adjustments that 
are higher than the maximum recommended dose for adults 
could be made particularly in adolescents, and in this way, 
higher plasma concentrations can be reached (15). In another 
study evaluating the use of posaconazole as a salvage therapy 
for proven or probable IFI in 15 pediatric cancer patients aged 
between 3.6 and 17.5 years, complete and partial response 
was achieved in six and three patients, respectively, while two 
patients had stable disease and treatment failure was noted 
in four patients. In the present study, posaconazole was used 
alone for the treatment of six patients. While drug-plasma con-
centrations were not measured, the median used dose was re-
ported to be 21 mg/kg/day (range: 4.8-33.3 mg/kg/day) (12). 
In the present study, posaconazole was also given in divided 
doses of 800 mg/day, although the weight-based median dose 
was lower than those reported in previous studies. No conclu-
sions could be made relating to the potential reflections of the 

dose used on plasma drug concentrations, as they were not 
measured in this study. Various studies have demonstrated 
that a positive relationship exists between plasma concentra-
tion and clinical response (16-18). No predictable level of bio-
availability was observed after the use of a posaconazole oral 
suspension, while a high degree of inter-patient variability 
was noted in bioavailability (19-21). There are several factors 
that may affect absorption of posaconazole, including foods 
consumed, fasting/satiety, stomach acidity, gastric motility, 
integrity of gastrointestinal mucosa, diarrhea and underlying 
diseases (8, 21-23). It is therefore recommended that plasma 
levels of the drug are monitored continuously during therapy 
(1). In the present study, treatment successes with posacon-
azole were lower overall than the rates reported in previous 
studies (33%). The weight-based doses used in this study were 
lower than those used in previous studies. As we were unable 
to measure plasma drug levels, the blood concentrations of 
posaconazole may not have reached recommended levels in 
our patients, and we may therefore have seen a relatively low-
er success rate.

Chronic granulomatous disease is one of the primary im-
munodeficiencies associated with the highest frequency of 
IFI, and was present in two of the patients in the present study 
(24). In the presence of hematological malignancies, the re-
covery of bone marrow and the improvement of neutropenia 
are crucial in recovery from fungal infections. That said, the 
permanent immune problems associated with primary im-
munodeficiency syndromes mean that the treatment of in-
vasive fungal infections is generally much more challenging. 
The most important cause of mortality in patients with chron-
ic granulomatous disease is invasive aspergillosis infection 
(25-27). There is a limited amount of data in literature on the 
use of posaconazole salvage therapy in primary immunodefi-
ciencies. In a study by Segal et al.  eight patients with chronic 
granulomatous disease and invasive pulmonary mold infec-
tion, in whom the primary treatment was unsuccessful, were 
given posaconazole salvage therapy, and complete response 
was achieved in all but one case (28). Complete response was 
achieved in both of the patients with chronic granulomatous 
disease in the present study, and treatment was terminated 
in these cases. Generally, studies have reported that posacon-
azole is well-tolerated and is rarely associated with serious side 
effects (12,15,28-31). On the other hand, high plasma concen-
trations have been associated with an increased frequency of 
side effects (32,33). Lehrnbecher et al. reported side effects in 
73 percent of their patients, most of which were mild in inten-
sity (12). The most commonly reported side effects were fe-
ver, nausea, vomiting, abdominal pain, diarrhea, rash and liver 
enzyme elevations (12). In another study, liver enzyme eleva-
tions were reported as the most frequent side effect, which 
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was resolved without requiring treatment discontinuation 
(15). In another study, Krishna et al. most frequently reported 
nausea, vomiting, abdominal pain and headache, and nausea 
was also common among the patients in the present study, 
while a case in which liver enzyme elevation was noted, there 
was no clear associating with posaconazole therapy (14).

In conclusion, the present study has investigated the use 
of posaconazole as an IFI salvage therapy in pediatric patients. 
The treatment was successful in almost one-third of the pa-
tients, and the drug was well-tolerated, overall. The inability to 
measure drug concentrations was one of the most significant 
obstacles to the safe use of posaconazole oral suspensions. 
The dose of medication required to reach effective plasma 
levels may vary from patient to patient, and this is particularly 
important in the pediatric patient group. The recently intro-
duced extended-release form of posaconazole in our country 
and its intravenous forms, which are currently unavailable, 
may ensure a more effective treatment by providing better 
absorption and bioavailability. That said, the monitoring of 
plasma drug levels is necessary when using these formula-
tions, and so technical facilities to allow the monitoring of 
such drugs should be made available, particularly in centers 
where complicated cases are commonly followed.
                         

Ethics Committe Approval: This study was performed with the 

permission of Local Clinical Research Ethical Committee. 

Peer-review:  Externally peer-reviewed. 

Author Contributions: Concept - MS, AS; Design - MS, NS; 

Data Collection and Processing - MS, HA, SK, MK; Analysis and 

Interpretation - ZK, NS, SA, AS; Writing - MS, HA; Confirmation - AS, 

NS, ZK, SA.

Conflict of Interest: No conflict of interest was declared by the 

authors.

Financial Disclosure: The authours declared that this study has 

received no financial support.

References

1. Groll AH, Castagnola E, Cesaro S, et al; Fourth European Conference 
on Infections in Leukaemia; Infectious Diseases Working Party of 
the European Group for Blood Marrow Transplantation (EBMT-
IDWP); Infectious Diseases Group of the European Organisation 
for Research and Treatment of Cancer (EORTC-IDG); International 
Immunocompromised Host Society (ICHS); European Leukaemia Net 
(ELN). Fourth European Conference on Infections in Leukaemia (ECIL-4): 
guidelines for diagnosis, prevention, and treatment of invasive fungal 
diseases in paediatric patients with cancer or allogeneic haemopoietic 
stem-cell transplantation. Lancet Oncol 2014;15:327-40. 

2. Antachopoulos C, Walsh TJ, Roilides E. Fungal infections in primary 
immunodeficiencies. Eur J Pediatr 2007;166:1099-117.

3. Hachem R, Hanna H, Kontoyiannis D, Jiang Y, Raad I. The changing 
epidemiology of invasive candidiasis: Candida glabrata and Candida 

krusei as the leading causes of candidemia in hematologic malignancy. 
Cancer 2008;112:2493-9. 

4. Pagano L, Caira M, Candoni A, et al. The epidemiology of fungal 
infections in patients with hematologic malignancies: the SEIFEM-2004 
study. Haematologica 2006;91:1068-75.

5. Dornbusch HJ, Groll A, Walsh TJ. Diagnosis of invasivefungal infections 
in immunocompromised children. Clin Microbiol Infect 2010;16:1328-
34.

6. Berenguer J, Buck M, Witebsky F, et al. Lysis centrifugation blood cultu-
res in the detection oftissue-proven invasive candidiasis: disseminated 
versussingle-organ infection. Diagn Microbiol Infect Dis 1993;17:103-9.

7. Tragiannidis A, Dokos C, Lehrnbecher T, Groll AH. Antifungal 
chemoprophylaxis in children and adolescents with haematological 
malignancies and following allogeneic haematopoietic stem cell 
transplantation: review of the literature and options for clinical 
practice. Drugs 2012;72:685-704. 

8. Soysal A. Prevention of invasive fungal infections in 
immunocompromised patients: the role of delayed-release 
posaconazole. Infect Drug Resist 2015;8:321-31.  

9. Munayyer HK, Mann PA, Chau AS, et al. Posaconazole is a potent 
inhibitor of sterol 14alpha-demethylation in yeasts and molds.
Antimicrob Agents Chemother 2004;48:3690-6.

10. Kepenekli E, Soysal A, Kuzdan C, Ermerak NO, Yüksel M, Bakır M. 
Refractory invasive aspergillosis controlled with posaconazole and 
pulmonary surgery in a patient with chronic granulomatous disease: 
case report. Ital J Pediatr 2014;40:2-4. 

11. Welzen ME, Brüggemann RJ, Van Den Berg JM, et al. A twice 
daily posaconazole dosing algorithm for children with chronic 
granulomatous disease. Pediatr Infect Dis J 2011;30:794-7. 

12. Lehrnbecher T, Attarbaschi A, Duerken M, et al. Posaconazole salvage 
treatment in paediatric patients: a multicentre survey. Eur J Clin 
Microbiol Infect Dis 2010;29:1043-5. 

13. De Pauw B, Walsh TJ, Donnelly JP, et al. Revised definitions of invasive 
fungal disease from the European for Research and Treatment of 
Cancer/Invasive Fungal Infections Cooperative Group and the National 
Institute of Allergy and Infectious Diseases Mycoses Study Group 
(EORTC/MSG) Consensus Group. Clin Infect Dis 2008;46:1813-21.

14. Krishna G, Sansone-Parsons A, Martinho M, Kantesaria B, Pedicone L. 
Posaconazole plasma concentrations in juvenile patients with invasive 
fungal infection. Antimicrob Agents Chemother 2007;51:812-8. 

15. Bernardo VA, Cross SJ, Crews KR, et al. Posaconazole therapeutic drug 
monitoring in pediatric patients and young adults with cancer. Ann 
Pharmacother 2013;47:976-83. 

16. Walsh TJ, Raad I, Patterson TF, et al. Treatment of invasive aspergillosis 
with posaconazole in patients who are refractory to or intolerant of 
conventional therapy: an externally controlled trial. Clin Infect Dis 
2007;44:2-12. 

17. Dolton MJ, Ray JE, Chen SC, Ng K, Pont L, McLachlan AJ. Multicenter 
study of posaconazole therapeutic drug monitoring: exposure-
response relationship and factors affecting concentration. Antimicrob 
Agents Chemother 2012;56:5503-10. 

18. Jang S, Colangelo P, Gobburu J. Exposure-response of posaconazole 
for prophylaxis of invasive fungal infections: evaluation of the need for 
adjusting doses based on plasma drug concentrations. Clin Pharmacol 
Ther 2010;88:115-9.

19. Hussaini T, Rüping MJ, Farowski F, Vehreschild JJ, Cornely OA. 
Therapeutic drug monitoring of voriconazole and posaconazole. 
Pharmacotherapy 2011;31:214-25. 

20. Zoller E, Valente C, Baker K, Klepser ME. Development, clinical utility, 
and place in therapy of posaconazole for prevention and treatment of 
invasive fungal infections. Drug Des Devel Ther 2010;4:299-311.

https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(14)70017-8/fulltext
https://link.springer.com/article/10.1007%2Fs00431-007-0527-7
https://onlinelibrary.wiley.com/doi/abs/10.1002/cncr.23466
http://www.haematologica.org/content/91/8/1068.long
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(14)60670-4/fulltext
https://www.sciencedirect.com/science/article/pii/0732889393900208?via%3Dihub
https://link.springer.com/article/10.2165%2F11599810-000000000-00000
https://www.dovepress.com/prevention-of-invasive-fungal-infections-in-immunocompromised-patients-peer-reviewed-article-IDR
https://aac.asm.org/content/48/10/3690.long
https://ijponline.biomedcentral.com/articles/10.1186/1824-7288-40-2
https://insights.ovid.com/pubmed?pmid=21772229
https://link.springer.com/article/10.1007%2Fs10096-010-0957-4
https://academic.oup.com/cid/article/46/12/1813/297334
https://aac.asm.org/content/51/3/812.long
http://journals.sagepub.com/doi/abs/10.1345/aph.1R775?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://academic.oup.com/cid/article/44/1/2/432582
https://aac.asm.org/content/56/11/5503.long
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1038/clpt.2010.64
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pharmacotherapy+2011%3B31%3A214-25
https://www.dovepress.com/articles.php?article_id=5594


J Pediatr Inf 2018; 12(1): e8-e14Posaconazole with Combination Salvage Treatmente14
Sütçü et al.

21. Gubbins PO, Krishna G, Sansone-Parsons A, et al. Pharmacokinetics 
and safety of oral posaconazole in neutropenic stem cell transplant 
recipients. Antimicrob Agents Chemother 2006;50:1993-9.

22. Ullmann AJ, Cornely OA, Burchardt A. Pharmacokinetics, safety, and 
efficacy of posaconzole in patients with persistent febrile neutropenia 
or refractory invasive fungal infection. Antimicrob Agents Chemother 
2006;50:658-66.

23. Kohl V, Müller C, Cornely OA, et al. Factors influencing pharmacokinetics 
of prophylactic posaconazole in patients undergoing allogeneic stem 
cell transplantation. Antimicrob Agents Chemother 2010;54:207-12. 

24. Falcone EL, Holland SM. Invasive fungal infection in chronic 
granulomatous disease: insights into pathogenesis and management. 
Curr Opin Infect Dis 2012;25:658-69. 

25. Cohen MS, Isturiz RE, Malech HL, et al. Fungal infection in chronic 
granulomatous disease. The importance of the phagocyte in defense 
against fungi. Am J Med 1981;71:59-66.

26. Mouy R, Veber F, Blanche S, et al. Long-term itraconazole 
prophylaxisagainst Aspergillus infections in thirty-two patients with 
chronic granulomatousdisease. J Pediatr 1994;125:998-1003.

27. Winkelstein JA, Marino MC, Johnston RB, et al. Chronic 
granulomatousdisease: report on a national registry of 368 patients. 
Medicine (Baltimore) 2000;74:155-69.

28. Segal BH, Barnhart LA, Anderson VL, Walsh TJ, Malech HL, Holland 
SM. Posaconazole as salvage therapy in patients with chronic 
granulomatous disease and invasive filamentous fungal infection. Clin 
Infect Dis 2005;40:1684-8.

29. Almyroudis NG, Holland SM, Segal BH. Invasive aspergillosis in primary 
immunodeficiencies. Med Mycol 2005;43:247-59.

30. Cesaro S, Milano GM, Aversa F. Retrospective survey on the off-label use 
of posaconazole in pediatric hematology patients. Eur J Clin Microbiol 
Infect Dis 2011;30:595-6. 

31. Gwee A, Cranswick N, Curtis N. Posaconazole: promising but 
problematic in practice in pediatric patients. Pediatr Infect Dis J 
2015;34:604-6. 

32. Welzen ME, Brüggemann RJ, Van Den Berg JM, et al. A twice 
daily posaconazoledosing algorithm for children with chronic 
granulomatous disease. Pediatr Infect Dis J 2011;30:794-7.

33. Döring M, Müller C, Johann PD, et al. Analysis of posaconazole 
asoral antifungal prophylaxis in pediatric patients under 12 years 
ofage following allogeneic stem cell transplantation. BMC Infect Dis 
2012;12:263-72.

https://aac.asm.org/content/50/6/1993.long
https://aac.asm.org/content/50/2/658.long
https://aac.asm.org/content/54/1/207.long
https://insights.ovid.com/pubmed?pmid=22964947
https://www.amjmed.com/article/0002-9343(81)90259-X/pdf
https://linkinghub.elsevier.com/retrieve/pii/S0022347694002386
https://insights.ovid.com/pubmed?pmid=10844935
https://academic.oup.com/cid/article/40/11/1684/447640
https://watermark.silverchair.com/43-Supplement_1-247.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAkEwggI9BgkqhkiG9w0BBwagggIuMIICKgIBADCCAiMGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMwOALMy1Nb8a3ehsoAgEQgIIB9D6bPD22Qpo28SXjTO343ln0tABFsLTlMvAG8rbnF_t54OQ7gLCOZVVEU5dkGklm3oD1dIqI09i-Ad25N0aL2sJoy0Hg4IGgNXU2WxyxyQJPCBfGK1gLVHkaxFgQhih5ESVn5wconrjmm-9yXJCNQ15kxqyFuazb2e9NK4kQx1Po_eKyJle5qOlfTXXjC8fnpYmCnKcF-rLqqdrUHT7z6kxQR-oTqE79cS_3dYLcaWO_yZ7EeF9MzSRjaSrercaSCs9qjsvtCsCm442QAfstciCdX3xtsrs_j3Z7FWyxLHOiOhHBveReR8Nmhkac2iyQVIBCdstWGOIPw6TMlGD_LkAIdG_aYdGPO1uhSP4jTXPIIG5vQwtoefspG5n6k2i9ezAn7dL1-trZonnVgeswxc_tDQbrj06JU0pBxPJGgjzB9bpFPV-uiwjSXe5Q-W5JtUefdnHiU_ou81CzBalEi3y3kLEwMg3DyJuBimMUyh6yLr0NbB2inPRHTr5HKop4vzUSTXvo8cbDqtN3k3MoouB8ToXJXfY_qGcZZucNG38QGzFEue31JZ75rnQidYHWlV6tdtiGCKjXZfPbPh2fnvUAlzgu21cSm26TYc4BZkv1ib1IAmNu8kB1A4UvEO3u7bo0rJbA0eEz2gFE5PV1oNWxMBE7
https://link.springer.com/article/10.1007%2Fs10096-010-1123-8
https://insights.ovid.com/pubmed?pmid=25973938
https://insights.ovid.com/pubmed?pmid=21772229
https://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-12-263

