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Objective: The incidence of invasive fungal infections (IFIs) has 
increased due to intensive chemotherapy in childhood leukemia. The 
aim of this study was to evaluate the incidence, risk factors, causative 
pathogens, and impact on survival of IFIs among pediatric leukemia 
patients.

Materials and Methods: The hospital records of 307 children with 
acute lymphoblastic leukemia (ALL, n=238), acute myeloid leukemia 
(AML, n=51), and relapsed leukemia (n=18) between January 2010 and 
December 2015 were retrospectively evaluated.

Results: A total of 1213 febrile neutropenia episodes were recorded 
and 127 (10.4%) of them were related to an IFI. Of 307 children, 121 
(39.4%) developed IFIs. The mean age was significantly older in the IFI 
group compared to children without IFIs (p<0.001). IFIs were defined 
as possible, probable, and proven in 73.2%, 11.9%, and 14.9% of 
the attacks, respectively. Invasive aspergillosis (81.9%) was the most 
frequent infection, followed by invasive candidiasis (13.4%) and rare 
fungal diseases (4.8%). The majority of IFI attacks in both ALL and 
AML occurred during the induction phase. In total, the death rate was 
24% and the IFI-related mortality rate was 18%. The mortality rate 
among children with IFIs was found to be significantly higher than 
that of children without IFIs (p<0.001). Overall and event-free survival 
rates at 5 years were also found to be significantly lower in the IFI 
group (p<0.001). Relapse (odds ratio: 8.49) was the most effective risk 
factor for mortality, followed by developing an IFI episode (odds ratio: 
3.2) and AML (odds ratio: 2.33) according to multivariate regression 
analysis.  

Conclusion: Our data showed that IFIs were more common in older 
children. Although proven and probable IFI episodes were more 
frequently diagnosed in cases of relapse and AML, children with ALL 
and AML had similar frequencies of experiencing at least one episode 

Amaç: Çocukluk çağı lösemisinde yoğun kemoterapi nedeniyle invaziv 
mantar enfeksiyonlarının (IFI) insidansı artmıştır. Bu çalışmanın amacı, 
pediatrik lösemi hastalarında IFI’nın insidansını, risk faktörlerini, 
nedensel patojenleri ve sağkalım üzerindeki etkisini değerlendirmektir.

Gereç ve Yöntemler: Ocak 2010 ile Aralık 2015 tarihleri arasında akut 
lenfoblastik lösemili (ALL, n=238), akut myeloid lösemili (AML, n=51) 
ve relaps lösemili (n=18) 307 çocukların hastane kayıtları geriye dönük 
olarak değerlendirildi.

Bulgular: Toplam 1213 febril nötropeni atağı kaydedildi ve bunların 
127’si (%10,4) IFI ile ilgiliydi. Bu 307 çocuğun 121’i (%39,4) IFI 
geliştirdi. Ortalama yaş, IFI grubunda IFI olmayan çocuklara kıyasla 
anlamlı olarak daha büyük bulundu (p<0,001). IFI, atakları sırasıyla; 
%73,2, %11,9 ve %14,9’unda olası, yüksek olası ve kanıtlanmış olarak 
tanımlandı. İnvazif aspergilloz (%81,9) en sık görülen enfeksiyondu, 
bunu invaziv kandidiyazis (%13,4) ve nadir mantar hastalıkları (%4,8) 
izledi. Hem ALL hem de AML’deki IFI ataklarının çoğu indüksiyon 
aşamasında görüldü. Toplamda ölüm oranı %24 ve IFI bağlantılı ölüm 
oranı %18 olarak bulundu. IFI’lı çocuklarda ölüm oranı, IFI olmayan 
çocuklarda anlamlı olarak daha yüksek bulundu (p<0,001). Beş yılda 
genel ve olaysız sağkalım, IFI grubunda önemli ölçüde daha düşük 
bulundu (p<0,001). Relaps (odds oranı, 8,49), mortalite üzerinde en 
etkili risk faktörü oldu ve bunu, çok değişkenli regresyon analizi ile 
bir IFI epizodu geçirmek (odds oranı, 3,2) ve AML olmak (odds oranı, 
2,33) izledi.

Sonuç: Çalışmamız, IFI’nın büyük yaştaki çocuklarda daha yaygın 
olduğunu gösterdi. Kanıtlanmış ve olası IFI epizodlarının nüks ve 
AML’de daha sık saptanmasına karşın, ALL ve AML’li çocukların da 
benzer sıklıkta en az bir IFI atağı geçirdiği görüldü. Nadir mantar 
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Introduction

The overall survival (OS) rate of pediatric acute leukemia has 
improved over the years, reaching 90% for acute lymphoblastic 
leukemia (ALL) and 70% for acute myeloid leukemia (AML) [1,2]. 
However, invasive fungal infections (IFIs) are still a significant 
cause of mortality and morbidity in children with hematologic 
malignancies [3]. It is hard to estimate the true incidence of 
IFIs, but it has been increasing in recent years due to advances 
in diagnostic methods, the use of intensive chemotherapy, 
prolonged neutropenia, and the increased use of central 
catheters [3,4]. Although new antifungals are available, IFI-
related mortality still remains high, reported to be between 20% 
and 70% in various studies [4,5,6,7,8]. 

The aim of this study was to evaluate the incidence, risk factors, 
causative pathogens, and impact of IFIs on survival among 
pediatric acute leukemia patients treated with Berlin-Frankfurt-
Munich (BFM)  protocols in two major pediatric hematology 
centers of Turkey.

Materials and Methods

The medical records of acute leukemia patients diagnosed 
between 2010 and 2015 in the pediatric hematology 
departments of Uludağ and Dokuz Eylül University Hospitals 
were retrospectively evaluated. The study included only children 
with ALL and AML, excluding hematopoietic stem cell recipients. 
De nova ALL and AML patients were treated with BFM-based 
protocols (ALL IC-BFM 2009 and AML-BFM 2004 and 2012). 
ALL-REZ BFM 2002 was used for relapsed ALL and cases of 
relapsed AML were treated according to AML-REZ BFM 2001/01. 
A total of 307 patients’ data were eligible for evaluation. Febrile 
neutropenia attacks were analyzed for defining and classifying 
IFIs according to the European Organization for the Research 
and Treatment of Cancer/Mycoses Study Group (EORTC/MSG) 
classification system [9]. Based on this classification, probable 
IFI requires the presence of a host factor, a clinical criterion, 
and a mycological criterion. Cases that meet the criteria for 
a host factor and the clinical criterion without a mycological 
criterion are considered as possible IFI. Proven IFI is defined as 
fungus detected by either histological analysis or culturing of a 
specimen of tissue taken from a site of disease.  

The patients were hospitalized in single rooms without high-
efficiency particulate air filtered systems. Data including age, 
gender, leukemia type, risk groups, treatment phase, duration of 
neutropenia, and steroid use prior to the diagnosis of IFI were 
collected from patients’ files. Neutropenia was defined as an 
absolute neutrophil count (ANC) below 500/mm3 and severe 
neutropenia was defined as an ANC below 100/mm3. Bacterial 
and fungal surveillances were performed for peripheral blood, 
central venous catheters, throat, urine, and stool. Tissue biopsy 
from the affected site for mycological examination was 
evaluated when available. Chest high-resolution computed 
tomography (HRCT) and abdominal ultrasound were performed 
within the first week of persistent fever in spite of proper 
antimicrobial treatment. In the presence of a localized finding 
or persistent, prolonged fever, sinonasal and cranial imaging 
(magnetic resonance imaging or computed tomography scan) 
were also performed. Serum galactomannan (GM) levels were 
measured twice weekly during febrile episodes using the Platelia 
Aspergillus Enzyme Immunoassay Test (Bio-Rad). Samples with 
an index greater than 0.5 in two consecutive measurements 
were considered positive. The use of antifungal drugs for either 
prophylaxis or treatment was recorded. The survival rates and 
the risk factors affecting mortality in children with IFIs and 
without IFIs were compared. The study was approved by the 
relevant ethics committee on October 4, 2016 (decision number: 
2016-17/12). 

Statistical Analysis

All statistical analyses were carried out using IBM SPSS Statistics 
23.0 (IBM Corp.). Descriptive data were presented as median and 
minimum-maximum. Variables with non-normal distribution 
were analyzed using the Mann-Whitney U and chi-square tests. 
Risk factors for mortality were assessed using univariate and 
multivariate logistic regression analysis. Values of p<0.05 were 
considered statistically significant. Analyses for event-free 
survival (EFS) and OS rates were performed according to the 
Kaplan-Meier method, and survival curves were compared with 
the log-rank test.

Results

The data of a total of 307 pediatric patients with acute leukemia 
were retrospectively screened. Of these, 289 cases were de novo 

of IFI. Rare fungal diseases were also identified as a major problem. 

Despite success in treatment, IFIs increased the rate of mortality in 

children with acute leukemia.

Keywords: Fungal infections, Pediatric leukemia, Acute lymphoblastic 

leukemia, Acute myeloid leukemia, Febrile neutropenia

hastalıkları önemli bir sorun olarak tanımlandı. Tedavideki başarıya 

rağmen, IFI’nın akut lösemili çocuklarda ölüm oranını artırdığı 

saptandı.

Anahtar Sözcükler: Mantar enfeksiyonları, Pediatrik lösemi, Akut 

lenfoblastik lösemi, Akut myeloid lösemi, Febril nötropeni

ÖzAbstract



96

Turk J Hematol 2022;39:94-102Sezgin Evim M. et al: Fungal Infections in Leukemic Children 

acute leukemia (ALL=238, AML=51) and the rest (n=18) were 
relapsed cases. In total, 1213 febrile neutropenia episodes were 
recorded and 127 (10.4%) of them were related to IFIs according 
to the EORTC/MSG criteria. IFI developed in 121 children 
(39.4%). The median age of the whole cohort was 78 (1.7-215.7) 
months and it was found to be significantly higher in the IFI 
group (n=121) compared to the children without IFIs (n=186) 
(96 months vs. 58 months; p<0.001). The male-to-female ratio 
was 1.47 (n=183/124). No significant difference was determined 
in terms of gender (p>0.05).

Classification of IFIs 

The distributions of patients and episodes of IFI are shown in 
Table 1. According to the EORTC/MSG criteria, the episodes 
were classified as proven (14.9%; n=19/127), probable (11.9%; 
n=15/127), or possible (73.2%; n=93/127). In total, 35.2% 
(n=84/238) of ALL, 39% (n=20/51) of AML, and 94.4% (n=17/18) 
of relapsed patients experienced at least one episode of IFI. The 
incidences of proven and probable IFI episodes were evaluated 
together and found to be significantly higher in the relapsed 
leukemia group compared to the de novo ALL and AML patients 
(p<0.001). 

Neutropenia was present in 82% (n=104/127) and severe 
neutropenia was demonstrated in 73% (n=76/104) of all IFI 
episodes. The median duration of neutropenia was 20 (1-78) 
days. The group with proven or probable IFI together had a 
significantly longer median duration of neutropenia than the 
possible IFI cases (30 days vs. 16 days; p=0.002). The frequency 
of IFI attacks in the ALL group was higher during induction 
therapy (n=55/87), followed by high-risk blocks (n=18/87) and 
the consolidation phase (n=14/87).  In AML cases, IFIs usually 
occurred during induction (72.7%, n=16/22). 

Mycologic agents isolated during the episodes are given in 

Table 2. The majority of IFI episodes were related to invasive 
aspergillosis (IA) (81.9%), followed by invasive candidiasis (IC) 
(13.4%) and rare fungal infections (4.8%). The features of rare 
fungal infections are given in Table 3.  

Generally, children with ALL in the high-risk group received 
fluconazole prophylaxis while AML and relapse patients had 
posaconazole or itraconazole. Access to posaconazole is 
restricted over 13 years of age in Turkey. For younger children, 
it could only be administered with the special approval of the 
Turkish Ministry of Health. In the IFI group, 40% of the episodes 
occurred under antifungal prophylaxis; the rates of IFI attacks 
in ALL, AML, and relapsed leukemia cases were 30% (n=26/87), 
50% (n=11/22), and 77% (n=14/18), respectively. Children with 
proven or probable episodes were under antifungal prophylaxis 
at the time of 21% (n=4/19) and 80% (n=12/15) of the episodes, 
respectively. The most commonly used antifungal agents for 
prophylaxis were fluconazole (42.9%), itraconazole suspension 
(33.3%), and posaconazole (17.2%). Secondary antifungal 
prophylaxis was administered for 63% (n=80/127) of the IFI 
episodes and the major preferred agent was voriconazole (46%).

For the treatment of IFI episodes, voriconazole (38%, n=49/127), 
caspofungin (22.8%, n=29/127), or liposomal amphotericin B 
(11%, n=14/127) was given as a single agent. Combination 
therapy was administered in 27% (n=35/127) of the attacks 
when the disease was not taken under control by a single 
agent. Caspofungin and voriconazole (n=13/35) were the most 
commonly preferred combination therapy. 

Outcome

In the whole cohort, the 5-year OS and EFS rates were found to 
be 83.6% and 79% for ALL, 68.7% and 60.8% for AML, and 22% 
and 17.6% for relapsed leukemia cases. In total, the mortality 
rate was 24% (n=72/307). It was found to be significantly 

Table 1. Distribution of patients and episodes of invasive fungal infections according to diagnosis.

Total, n ALL, % (n) AML, % (n)
Relapsed     
leukemia, % (n)

Total patients 307 77.6% (238/307) 16.6% (51/307) 5.8% (18/307)

Patients without IFI 60.6% (186/307) 82.7% (154/186) 16.6% (31/186) 0.7% (1/186)

Patients with IFI 39.4% (121/307) 69.4% (84/121) 16.5% (20/121) 14.1%  (17/121)

Total IFI episodes 127 68.5% (87/127) 17.3% (22/127) 14.2% (18/127)

Possible 73.2% (93/127) 80.5% (70/87) 68.2% (15/22) 44.5% (8/18)

Probable 11.9% (15/127) 8% (7/87) 9.1% (2/22) 33.3% (6/18)

Proven 14.9% (19/127) 11.5% (10/87) 22.7% (5/22) 22.2% (4/18)

Proven + probable 28.8% (34/127) 19.5% (17/87) 31.8% (7/22) 55.5% (10/18)*

ALL: Acute lymphoblastic leukemia, AML: acute myeloid leukemia, IFI: invasive fungal infection, *: p<0.001.
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higher in the IFI group (34%, n=41/121) compared to the non-
IFI group (16.6%, n=31/186) (p<0.001). IFI-related mortality was 
observed in 18% (n=22/121) of cases (Figure 1). The mortality 
rate in children with IFIs increased to 52.9% (n=18/34) when 
possible IFI attacks were excluded. Five-year EFS and OS rates 

were found to be significantly lower in the IFI group than in 
cases without IFIs (EFS: 79.6% vs. 62.7%, OS: 83.9% vs. 67.5%) 
(p<0.001) (Figure 2). Both EFS and OFS at 5 years in the IFI group 
were found to be even lower when possible IFI attacks were 
removed from the analysis (47.1%). 

Table 2. Classification according to the diagnosis of invasive fungal infection.

Diagnosis of IFI
Episodes of IFI 
(n=127)

Proven IFI,  
14.9% (n=19)

Probable IFI,
11.9% (n=15)

Possible IFI, 
73.2% (n=93)

Invasive aspergillosis 81.9% (n=104) 3 15 86

IPA 76.3% (n=97) - 15 82

SNIA 4.8% (n=6) 3* - 3

CNSIA 0.8% (n=1) - - 1

Invasive candidiasis 13.4% (n=17) 10** - 7

HSC 7.8% (n=10) 3 - 7

Candidemia 6.3% (n=7) 7 - -

Rare fungal inf. 4.8% (n=6)*** 6 - -

Mucorales (n=3) 3 - -

Fusarium (n=1) 1 - -

Dematiaceous (n=1) 1 - -

Alternaria (n=1) 1 - -

IFI: Invasive fungal infection, IPA: invasive pulmonary aspergillosis, SNIA: sinonasal invasive aspergillosis, CNSIA: central nervous system invasive aspergillosis, HSC: hepatosplenic 
candidiasis.
*: Biopsy proven from sinonasal cavity: A. flavus (n=3).
**: Isolated from blood cultures: C. parapsilosis (n=6), C. albicans (n=3), C. guilliermondii (n=1).  
***: Biopsy proven from sinonasal cavity (n=5), left maxillectomy (n=1).

Table 3. Features of rare fungal infections.

Rare fungal 
infection Diagnosis Age, 

months
Primary
prophylaxis

Biopsy region Treatment Status

Mucorales Relapsed AML 40 Posaconazole Left maxillectomy Liposomal 
amphotericin B

Death due to 
resistant disease 

Mucorales ALL-HRG 204 No Sinonasal cavity Liposomal 
amphotericin B Death due to IFI 

Mucorales ALL-HRG 40 No Sinonasal cavity Liposomal 
amphotericin B Death due to IFI

 Fusarium Relapsed ALL 196 Posaconazole Sinonasal cavity Liposomal 
amphotericin B Death due to IFI

Dematiaceous AML 52 No Sinonasal cavity Caspofungin Alive

Alternaria ALL 182 No Sinonasal cavity Liposomal 
amphotericin B Alive

ALL: Acute lymphoblastic leukemia, AML: acute myeloid leukemia, HRG: high-risk group, IFI: invasive fungal infection. 
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Factors Affecting Mortality

For 307 children, the risk factors affecting mortality were 

evaluated by univariate regression analysis. This revealed 

that high-risk ALL (n=30) and AML (n=51), relapse (n=18), 

neutropenia longer than 10 days (n=67), development of an 

IFI episode, and presence of proven or probable IFI significantly 

increased the rate of mortality (p<0.001). Gender and age at 

diagnosis did not have any effect (p>0.05). 

Independent risk factors for mortality were determined by 
multivariate regression analysis (Table 4). Relapse (odds ratio: 
8.49) was the most effective risk factor for mortality, followed 
by development of an IFI episode (odds ratio: 3.2) and AML 
(odds ratio: 2.33).

Discussion

We investigated a large sample of IFI data in children with 
acute leukemia, which provided a valuable assessment of IFI 

Table 4. Factors affecting mortality according to multivariate regression analysis.

Β p Odds ratio 95% CI

Relapse 2.14 <0.001 8.49 3.98-18.1

IFI episode 1.18 0.001 3.2 1.58-6.75

Leukemia type (AML) 0.84 0.02 2.33 1.1-4.92

AML: Acute myeloid leukemia, IFI: invasive fungal infection, CI: confidence interval.

Figure 1. The rate and causes of mortality.

Figure 2. a). Event-free survival, b) Overall survival.

IFI: Invasive fungal infection
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epidemiology and outcomes in our country. In the current 
study, the incidence of IFI episodes was found to be 10.4%.  
The incidence in cases of hematologic malignancies ranged 
between 1.7% and 35.4% in various studies [4,9,10,11,12]. 
However, it may increase further in autopsy findings [13]. The 
wide range among studies could be explained by differences 
in study populations, hospital conditions, usage of prophylactic 
antifungal agents, and the criteria used in defining IFI. The 
current study included only children with acute leukemia, and 
IFI attacks were defined according to EORTC/MSG criteria. The 
majority of attacks were in the group with possible IFIs (73.2%), 
since the use of invasive techniques such as bronchoalveolar 
lavage (BAL) was limited. The classification was mainly based 
on host factors, clinical criteria, imaging techniques, and serum 
GM levels. However, some of the cases within the possible group 
might be confirmed as Mucorales or other fungal diseases if 
histopathologic diagnosis methods are available, similarly to a 
case reported in the literature [14]. Among the present study 
group, proven and probable attacks were determined in 14.9% 
and 11.9% of the cases, respectively.  Proven and probable IFI 
incidences in recent studies with BFM groups were reported 
to be lower than 10% [15,16]. Unlike our study, those two 
studies included not only hematologic malignancies but 
also hematopoietic stem cell transplantation recipients and 
antifungal prophylaxis was administered to the majority of 
them. 

The mean age in the IFI group was significantly higher compared 
to children in the non-IFI group. The incidence of IFIs is reported 
to increase with age [4,7,17]. This finding could be attributed 
to the fact that colonization is less frequent in the younger 
population due to less contact with fungal spores and the lower 
frequency of unfavorable genetic mutations [1,18].

We found that children with ALL and AML had a similar 
frequency of experiencing at least one episode of IFI. This finding 
is contrary to the previous data in the literature suggesting that 
the frequency of IFI episodes in AML is higher than that in ALL 
[4,19]. The prevalence of IFI in ALL is reported to be between 
4% and 35% depending on the era, chemotherapy protocol, risk 
categories, and antifungal prophylaxis [6,7,12,17,20,21,22]. In 
the current study, only 30% of children with ALL were receiving 
antifungal prophylaxis and the majority of them developed IFI 
during induction therapy or high-risk blocks, which are typically 
associated with severe neutropenia and high-dose steroids. 
Prolonged and severe neutropenia was defined as a determinant 
for IFI [3,4]. In our study, proven and probable IFI attacks also 
had a significantly longer mean duration of neutropenia than 
possible IFI attacks (p=0.002). Similarly, reports from different 
countries showed that the majority of IFI attacks in both ALL 
and AML cases occurred during the induction phase and with 
more intensive chemotherapy protocols [12,20,23,24,25]. 
In developing countries, ALL patients receiving intensive 

chemotherapy phases may benefit from antifungal prophylaxis 
for decreasing IFI episodes in these patients.    

The most common cause of IFI episodes in our study was IA 
(81.9%), and the majority were cases of invasive pulmonary 
aspergillosis (IPA) (76.3%).  Aspergillus flavus  was isolated 
from the sinonasal cavity in 3 out of 8 biopsy materials. After 
excluding possible IFI episodes, the proven and probable 
incidence of IA was 17%. The incidences of IA and IPA have 
been increasing in patients with pediatric leukemia since 2000 
with the use of new diagnostic methods [4,26]. Crassard et al. 
[5] showed that BAL results were suggestive of IPA in 92% of 
children with pediatric leukemia. However, invasive procedures 
like BAL and biopsy are generally avoided in children due to 
thrombocytopenia and the risk of bleeding. Instead of biopsy, 
the combination of chest HRCT and serum GM level is more 
widely used for non-invasive diagnosis and it is also the 
preferred approach in Turkey. However, GM levels may not be 
elevated in localized IA, especially under antifungal prophylaxis 
or empiric antifungal treatment [27,28].  

The frequency of IC in total IFI episodes was found to be 13.4%. 
However, it increased to 52.6% (n=10/19) among the proven IFI 
episodes. In our series, the incidence of hepatosplenic candidiasis 
(HSC) was determined as 7.8% and Candida spp. were isolated 
from blood cultures in 30% of those cases. Celkan et al. [29], 
in a multicentric study from Turkey, recently reported that 8 
out of 40 (22.5%) children with HSC had  Candida spp.  and 
only one case was C. albicans.  In the current study, the most 
commonly isolated pathogen was also non-albicans, namely C. 
parapsilosis (Table 2). It appears that C. albicans, which used to 
be the most commonly reported pathogen, has been replaced 
by C. parapsilosis and other non-albicans species [6,12,19,30].

The current data showed a high rate of rare fungal infections, 
which were detected in 6 of 127 IFI episodes (4.8%). However, 
this incidence was increased to 31.5% (n=6/19) among proven 
attacks. Epidemiological data for children regarding rare fungal 
infections are limited [14,31,32,33,34]. Three out of 6 children 
had mucormycosis and the others had fusarium, dematiaceous, 
and alternaria involvements. The largest registry for invasive 
mucormycosis in children showed that its frequency was 
higher in cases of hematologic malignancies compared to 
other malignancies and a variety of other disorders [31,32,33]. 
A retrospective study from Italy also reported that underlying 
hematologic malignancies, particularly acute leukemia and 
lymphoma, are risk factors for developing mucormycosis [34]. 
Two patients with mucormycosis and one with fusarium died 
despite effective antifungal treatment combined with surgical 
resection. The mortality rates for both mucormycosis and 
fusarium are reported to be high [31,33]. Limited data related 
to dematiaceous and alternaria cases in children with leukemia 
are available in the literature [35,36]. In our study, these cases 
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were successfully cured. The most important prognostic factor 
is early clinical suspicion, timely aggressive systemic antifungal 
treatment, and surgical procedures.    

In the present study, the mortality rate for the whole cohort 
was 24% and the rate of deaths attributable to IFI was found to 
be 18%. IFI-related mortality in cases of hematologic disorders 
ranged from 5% to 14% in Turkey [10,12,37]. It is also reported 
to be as high as 21% to 48% in children with leukemia [7,21,38]. 
The current study also separately analyzed the mortality rates 
for IA, IC, and rare fungal infections, which were found to be 
16%, 17%, and 50%, respectively. The high mortality rate in the 
rare fungal infection subgroup still remains an important issue 

[19,31]. Although mortality rates due to IFIs were reported high 
in the 1990s, they significantly decreased with the development 
of early diagnostic tools and new antifungal agents [3,5,26,39]. 

Our data showed that OS and EFS were significantly lower in 
children with IFIs than those without IFIs. Multivariate regression 
analyses revealed that independent risk factors affecting 
mortality were recurrent disease, development of an IFI episode, 
and AML, which increased the mortality rate 8.4, 3.2, and 2.3 
times, respectively. Data on the impact of IFIs on survival rates 
in children with hematologic malignancies are rare. There are 
three major studies reported regarding this issue. Two of them 
did not find any differences in survival rates [40,41]. However, 
those studies included small numbers of children. Similar to 
our findings, Kobayashi et al. [7,42] found significantly lower 
survival in patients with IFIs compared to those without IFI in a 
patient population including hematologic malignancies, other 
malignant diseases, and aplastic anemia. 

Study Limitations 

The data were retrospectively collected. The classification 
was mainly based on host factors, clinical criteria, imaging 
techniques, and GM levels. BAL was not administered for any of 
the patients. Therefore, most of the attacks were in the “possible” 
group. However, it  may have been seen that these cases were 
caused by other fungal pathogens if invasive techniques were 
available. 

Conclusion

Proven and probable IFI episodes concurrently occurred in ALL, 
AML, and relapsed cases at rates of 19.5%, 31.8%, and 55.5%, 
respectively. Although the majority of attacks were related to 
IA, rare fungal infections were also isolated in almost 5% of 
patients. Prolonged severe neutropenia was one of the major 
risk factors for IFIs. Multivariate regression analysis showed 
that IFIs significantly increased mortality, and the survival rates 
were significantly lower in patients with IFIs. Our study clearly 
shows that IFIs are poor prognostic factors in children with 
hematologic malignancies. 
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