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ABSTRACT

Invasive fungal infections (IFI) are an important cause of mortality and morbidity in patients with hematological malignancy. This study 
aims to investigate the incidence of IFI development, risk factors, the management of the infection in a pediatric patient group followed 
up with the diagnosis of acute lymphoblastic leukemia (ALL), and to share the experience obtained from a single center. Two hundred 
forty children monitored with the diagnosis of ALL in the pediatric hematology-oncology department of the Erciyes University Medical 
Faculty from January 2010 to September 2017 included in the study. A total of 30 (14 females and 14 males) IFI attacks were diag-
nosed (12.5%) in the included patients with ALL, two of them having the attacks twice. Candida species were the dominant cause of 
infection (n= 17) and the rest (n= 8) had invasive Aspergillosis. Nineteen IFI attacks were assessed as proven, 6 as probable, and 5 
as possible IFI. The most fungal infection was detected in blood culture  (43.3%) followed by pulmonary involvement (40%). The most 
frequently used diagnostic methods were direct microscopic examination, histological examination, and cultures (66.6%). IFI-related 
mortality was 20%. IFI continues to be an important problem in pediatric patients with hematologic malignity. The 7 of the observed 
invasive Aspergillosis developed in non hepafiltered room. Treatment of neutropenic children in hepafiltered rooms decrease the 
risk of IFI. With careful assessment of the patients bearing risk factors for IFI development, early diagnosis and treatment will reduce 
morbidity and mortality.
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INTRODUCTION

Invasive fungal infections (IFI) is an impor-
tant cause of mortality and morbidity in patients 
with hematological malignancies. Approximately 
5-10% of febrile neutropenia attacks results from 
proven yeast or mould infections.1 The most im-
portant reported risk factors of IFI in children with 
acute lymphoblastic leukemia (ALL) are the us-

age of steroids, deep and prolonged neutropenia 
due to the intensive chemotherapy, prolonged us-
age of broad spectrum antibiotics, central venous 
catheters, total parenteral nutrition (TPN), severe 
mucositis.2-5 Although early diagnosis and inter-
vention reduce the IFI-related mortality, the use of 
diagnostic methods in children with ALL are lim-
ited due to their invasive characteristics.
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This study aims to investigate the incidence, risk 
factors, the management of IFI in children with 
ALL. 

PATIENTS and METHODS

Access was gained retrospectively to the data be-
longing to the patients monitored with the diagno-
sis of ALL in the pediatric hematology-oncology 
department of the Erciyes University Medical 
Faculty from January 2010 to September 2017.  
Included in the study were the patients who were 
diagnosed, through clinical, laboratory, and imag-
ing methods, to have proven, probable, and pos-
sible IFI according to the criteria of the European 
Organization for Research and Treatment of Can-
cer and Mycoses Study Group (EORTC/MSG).6 
Patients diagnosed with Pneumocystis jirovecii 
were excluded from the study. The data transferred 
from the patients’ files and the hospital’s database 
and recorded into their standard forms included the 
patients’ ages, sexes,  the risk groups according 
to Turkish ALL (TRALL) 2000, ALL IC Berlin-
Frankfurt-Münster (BFM) 2009 and Interfant 2006 
protocols, the results of the laboratory and imaging 
methods employed used for diagnosis and follow-
up of IFI, the development period of IFI, the treat-
ment given and its duration, the symptoms emerg-
ing during the development period of IFI, absolute 
neutrophil count (ANC), absence or presence of 
central venous catheter, feeding with TPN, the state 
of being monitored in a single room with hepafil-
ter, the use of granulocyte colony-stimulating fac-
tor (GCSF) and granulocyte suspension, and IFI 
reactivation.7,8 Ethical permission for a review of 
all records was granted by the ethics committee of 
Erciyes University (Approval Number: 2018/552, 
Date: 07.11.2018). 

Statistical Analyses

The descriptive statistics and quantitative variables 
using Shapiro-Wilk test were expressed as mean 
±standard deviation or median (minimum-maxi-
mum) according to whether the distributions were 
normal or not. Nominal variables, however, were 
expressed as the number of cases and percentage 
(%). 

RESULTS

Access was achieved to the data regarding 240 
patients (99 female and 141 male) monitored with 
the diagnosis of ALL. According to TRALL 2000, 
ALLIC BFM 2009, interfant 2006 treatment proto-
cols, 45 of the patients were classified as standard 
risk group (SRG), 118 were medium risk group 
(MRG), 27 high risk group (HRG) and 44/6 were 
relaps/refractory leukemia. The baseline character-
istics of the ALL patients are shown in Table 1.

With IFI detected twice at different times in 2 pa-
tients, a total of 30 (14 female and 14 male) IFI 
attacks were diagnosed. The median age of the pa-
tients was 93 months (14-212 months). The char-
acteristics of the 28 patients diagnosed with IFI are 
shown in Table 2.

While Aspergillus niger was isolated in brain biop-
sy of one patient that was previously published.9,10 
Aspergillus spp. was isolated in pleural fluid cul-
tures of two patients.  Five patients, owing to their 
general condition being poor, were diagnosed to 
have Aspergillus spp based on serial galactoman-
nan and imaging results. One patient had mucor-
mycosis, one patient had Geotrichum capitatum, 
4 patients had Candida albicans, and 10 patients 
had non-albicans Candida. While in one of the 2 
patients with fungal proliferation at different times, 
C. glabrata and Acremonium strictum proliferated, 
in the other, C. glabrata and C. pelliculosa was 
generated.  

Table 1. Characteristics of 240 patients with acute lymphoid 

leukemia 

Characteristic	 n

Age (years), median	 6 (0,4-18)

Gender male/female	 141/99

Risk group	

     SRG	 45 (18.75%)

     MRG	 118 (49.1%)

     HRG	 27 (11.25%)

     Relaps leukemia	 44 (18.3%)

     Refractory leukemia	 6 (2.5%)

SRG= Standard Risk Group, MRG= Medium Risk Group, 
HRG= High Risk Group
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Monotherapy (L-AmB, caspofungin, fluconazole 
or variconazole) was applied to 15 IFI attacks and 
combined therapy was applied to 15 IFI.  Median 
duration of treatment 30 (21-720) days. In addition 
to antifungal therapy, 12 patients received granu-
locyte suspension (3 patients in addition to mon-
otherapy and 9 patients in addition to combined 
therapy). The patients other than those in induction 
period and relapsing/refractory ones received 5 
mcg/kg/day GCSF. 

Nineteen IFI attacks were assessed as proven, 6 as 
probable, and 5 as possible IFI. The most fungal 
infection was detected blood culture (43.3%) fol-
lowed by in the lungs (40%). The most frequent 
symptom in 30 IFI attacks was fever (96.6%), and 
the most frequently employed diagnostic method 
was conventional mycological examination (direct 
microscopic examination, histological examina-
tion, and culture) (66.6%). 

Median ANC was 100/mm3 (0-330 mm3) and the 
period when ANC remained less than 500 was 45 
days (11-109 days). All of the patients were taking 
broad spectrum antibiotics that last longer than 7 
days. It was detected than only one of 8 patients 
diagnosed as having Aspergillus diagnosis and as-
sessed as proven/probable IFI was hospitalized in 
the room with hepafilter. Five of the 14 IFI attacks 
with C. albicans/non-albicans Candida, 8 IFI at-
tacks with invasive Aspergillus and 2 IFI attacks 
with proliferated G. capitatum,  A. strictum de-
tected had a history of TPN use. All the patients 
with IFI had central venous catheter, except the one 
patient in whom C. kefyr was grew from blood cul-
ture. The risk factors for developing invasive fun-
gal infection are summarized in Table 3.

IFI deterioration occurred in 6 patients despite 
antifungal therapy, and 3 patients died of isolated 
fungal sepsis while 3 patients died of leukemia and 
fungal sepsis. Of the patients who died, 1 had been 
diagnosed as possible, 2 as probable, and 3 as prov-
en IFI. Of our patients, 8 died of refractory leuke-
mia although they had recovered completely with 
antifungal therapy (Overall mortality was 46.6%).

Table 2. Characteristics of 28 patients with invasive fungal 

infections

Characteristic	 n

Age (months), median	 93 (14-212)

Gender male/female	 14/14

Risk group	

     SRG	 2 (7.14%)

     MRG	 8 (28.57%)

     HRG	 8 (28.57%)

     Relaps	 7 (25%)

     Refractory leukemia	 3 (10.71%)

Treatment phase	

     Induction	 8 (26.6%)

     Reinduction   	 2 (6.6%)                                                              

     Consolidation (HR blocks, protocol M)    10 (33.3%)

     Maintenance therapy	 1 (3.3%)

     R blocks of REZ BFM 2002	 3 (10%)

     FLAG protocol	 4 (13.3%)

     TVTC protocol	 2 (6.6%)

Infection type

     Proven	 19 (63.3%)

     Probable	 6 (20%)

     Possible	 5 (16.6%)

Presence of symptoms

    Fever	 29 (96.6%)

    Cough	 8 (26.6%)

    Dyspnea	 3 (10%)

    Focal neurological finding	 1 (3.3%)

    Nasal defect	 1 (3.3%)

   Abdominal pain	 2 (6.6%)

SRG= Standard Risk Group, MRG= Medium Risk Group, 
HRG= High Risk Group, FLAG= fludarabine, high-dose cytarabine,  
G-CSF, TVTC= Topotecan, Vinorelbine, Thiotepa, Clofarabine

Table 3. Risk factors for developing invasive fungal infection

Risk Factors	 n (%)

Steroid therapy (>14 days)	 10 (33.3%)

Severe neutropenia (>10 days)	 30 (100%)

Antibiotic use (>7 days)	 30 (100%)

Total parenteral nutrition	 15 (50%)

Central venous line	 29 (96.6%)
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DISCUSSION

Leukemia ranks the first among the cancers of pedi-
atric period, and acute leukemia constitutes more 
than 95% of leukemic cases, and acute lympho-
blastic cases constitute 75-80% of acute leukemia 
cases.11 In recent years, considerable progress has 
been made in the treatment of pediatric ALL, and 
the 5-year survival rate is over % 85. Relapse oc-
curs in nearly 20% of ALL cases, and the prognosis 
of these cases is poor.12 In our study it has been de-
termined that, consistent with the literature, 10% of 
our patients (25 of 240 patients) received the diag-
nosis of  T-ALL, and the rate of relapse was 18,3%. 

The incidence of IFI has recently increased in par-
allel with the use of high dose chemotherapy.13 
Rosen et al.14 have reported the IFI incidence to 
be 4.6% in pediatric patients monitored for solid 
tumor and leukemia, and deprived of primary anti-
fungal prophylaxis. Mor et al.15, on the other hand, 
while reporting the IFI incidence in pediatric pa-
tients with hematologic disease and solid tumor to 
be 7.2%, in the same study found the incidence in 
AML patients to be %39.4. In ALL patients, how-
ever, it was established to be 11.2%. In a study in-
cluding 125 pediatric patients diagnosed to have 
ALL, the incidence of IFI has been reported to be 
19.2% . In our study it was 12.5%.

Long-term, severe neutropenia, steroid use, cen-
tral venous catheter use, mucositis associated 
with high dosed methotrexate use are reported to 
be the risk factors in IFI development.2-4 In addi-
tion, in patients with hematologic malignity, even 
if their ANC is normal functional neutropenia oc-
curs, which phagocytosis and pathogens being 
destroyed.16 Observed in all of our patients were 
severe neutropenia lasting longer than 10 days, the 
use of central venous catheter in 29 IFI attacks, the 
use of TPN in 15 IFI attacks. Ten patients had to 
receive steroid longer than 14 days as required by 
the induction/re-induction protocols. 

The most common observed IFI was Candida spe-
cies (46.6%) in our patients as previously report-
ed.17,18 In the study by Baytan et al.19 which includ-
ed 160 children with hematologic disease, IA was 
reported by 74% as the most common IFI agent, 
and hospital renovation activities are reported to 
have increased the risk. Some studies have argued 

that IA is correlated to contaminated ventilation 
system, hospital construction and renovation.19  In 
our study, it was found that IA developed in 1 and 
7 of the 8 patients hospitalized with and without 
hepafilters, respectively. 

In the study by Kaya et al.18 C. albicans have been 
found more frequently than non-albicans Candida 
species. However, in our study C. albicans have 
been detected in 5 (35.7%) and non-albicans Can-
dida species in 9 (64.28%) of 14 patients, consist-
ent with the studies supporting the opposite of the 
detection in the study of Kaya et al respectively.15,16

The use of histopathologic and/or cytopathologic 
diagnostic methods are restricted because of their 
invasive characteristics. Compared with pulmo-
nary graph, High-resolution computed tomogra-
phy (HRCT) has recently been regarded as a more 
valuable diagnostic method.20 The data obtained 
through radiological means in diagnosing IFI have 
a greater predictive value in pediatric patients, but 
they are not specific.21 The most frequently used 
diagnostic method for the 30 IFI attacks in our 
study has been conventional mycological examina-
tion (66.6%) followed by computed tomography/
HRCT (30%). A recent retrospective analysis of 
139 pediatric invasive aspergillosis cases reported 
that the most frequent diagnostic radiologic finding 
was nodules at a rate of 34.6%.22 Nodular appear-
ance has been detected with HRCT in all of our 
patients.

Follow-up with galactomannan can contribute to 
early diagnosis and the improvement of clinical 
findings. However, its sensitivity has been reported 
to be 64.5% in diagnosing proven IA, 26.4% in 
probable IA, and 25.5% in possible IA. Herbert et 
al.23, have reported its specificity as 92.8% in adults 
and 47.6% in children. In the same study, the false 
positivity rate has been found to be in children 
while it is 0.9% in adults.23 Therefore, they should 
be used together with other diagnostic tools, and 
repetitive tests should be done. In our study it has 
been detected that while galactomannan positivity 
had been observed in 6 of the 8 patients diagnosed 
to have invasive aspergillus, and the diagnosis had 
been made histopathologically and without check-
ing the galactomannan levels in two patients.
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In the study by Kaya et al.18 in which 154 pediatric 
patients with acute leukemia have been reported 
and fluconazole has been used as prophylaxis, the 
incidence has been found to be 13.6%. In our study 
no patient has received any systemic antifungal 
prophylaxis other than nystatin used for oral care, 
and the IFI incidence has been found to be 12.5%.

In studies on the recipients of hematopoietic stem 
cell transplantation and on the patients with hema-
tologic malignancy, secondary antifungal prophy-
laxis has been found to be effective in preventing 
IFI from relapsing. However, there are no specific 
suggestions as to the drugs to be used for secondary 
prophylaxis. Nevertheless, there are publications 
suggesting that the pathogen causing the previous 
IFI and the response to previous antifungal therapy 
be considered when choosing the medicine.24-27 In 
the study by Liu et al.25 on 164 patients, however, no 
statistically significant difference in the recurrence 
rate has been obtained by using drugs and other 
broad-spectrum antifungal which has been used 
previously and proven to be effective. Secondary 
prophylaxis was not administered to patients other 
than who developed fungemia during the intensive 
chemotherapy period after complete recovery has 
been achieved with radiologic fungal antigen and/
or culture results. Despite this, IFI recurrence asso-
ciated with the same factor was not observed in any 
of them. In 8 patients, however, antifungal therapy 
on end together with chemotherapy was continued 
until complete remission was achieved. With small 
number of the patients having been low and kept 
on antifungal and chemical therapy until complete 
remission, it would not be right to comment on sec-
ondary prophylaxis in the light of this study. 

In empirical treatment, caspofungin and L-AmB 
are the first-line agents.4,25 In our center L-AmB 
has been used for the first-line agent in empirical 
treatment. The antifungal drug used most frequent-
ly by our patients in our hospital has been L-AmB 
(73.3%), and it has been used as monotherapy in 
9 IFI attacks, and as adjuvant drug in combined 
therapy in 13 IFI attacks. 

The rate of response to voriconazole in cancer pa-
tients is over 45%.28 In our study voriconazol has 
been used as monotherapy in 5, and as part of a 
combined therapy in 13 of 18 IFI attacks. The com-

bination of L-AmB and voriconazole was used in 
11 patients, L-AmB and caspofungin in 2 patient, 
and combined voriconazole and caspofungin in 2 
patients.

Mortality rate is still high despite advances in new 
antifungal drugs and supportive care. The IFI-relat-
ed mortality in pediatric patients with hematologic 
malignity and aplastic anemia is in 40% range.19  
Despite the appropriate treatment, recurrence was 
observed by 16% following intensive chemothera-
py.30 Recurrence was observed in none of our pa-
tients. However in 6 patients progression was ob-
served, despite combined antifungal therapy, and 
three of the patients died of isolated fungal sepsis, 
and the other three died of refractory leukemia and 
IFI (IFI-related mortality was 20%).

In this retrospective study, the data and experience 
that belong to a single center have been shared. Ac-
cordingly, there is a need for more comprehensive 
prospective randomized controlled studies so that 
risk factors (such as mucositis and neutropenia), 
risk specific fungal agents and treatment modali-
ties (such as combined therapy, primary and sec-
ondary prophylaxis) can be identified. 

IFI continues to be an important problem in pediat-
ric patients with hematologic malignity. With care-
ful assessment of the patients bearing risk factors 
for IFI development, early diagnosis and treatment 
will reduce morbidity and mortality. New diagnos-
tic methods and antifungal treatment choices will 
contribute to the enhancement of the survival rate 
in this patient group.
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