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Background: The most common complication among pediatric oncology patients is febrile 
neutropenia (FN). Invasive fungal disease (IFD) is suspected when fever persists >4–7 days 
after empirical antibiotics. Its clinical characteristics and predictive factors associated with 
IFD among pediatric oncology patients with FN were thus explored.
Methods: Pediatric oncology patients with FN between January 1, 2012 and December 31, 
2016 were enrolled in this study. Clinical characteristics, including laboratory investigations, 
treatment modalities, and final outcomes of IFD were retrospectively reviewed and analyzed.
Results: In all, 73 patients with 180 episodes of confirmed diagnosis of FN were studied. Median 
age at diagnosis was 6.2 years, with equal sex distribution. The most common diagnosis was acute 
lymphoblastic leukemia (n=91, 51%), followed by acute myeloid leukemia (n=47, 26%), Burkitt’s 
lymphoma (n=7, 4%) and neuroblastoma (n=7, 4%). Median absolute neutrophil count at FN 
diagnosis was 0 (0–806) cells/mm3. IFD was diagnosed for 25 (14%) episodes. Mortality rates for 
FN and IFD were 4% and 20%, respectively. Respiratory compromise, oxygen requirement, 
hypotension, prolonged hospitalization, duration of fever and neutropenia, bacteremia, bacteriuria, 
funguria, abnormal liver-function results, and prolonged broad-spectrum antibiotic administration 
were factors associated with IFD (P<0.05). Prolonged duration between initiation of fever and 
antifungal administration for nearly 10 days was an independent factor in prediction of IFD 
occurrence (P=0.014).
Conclusion: Respiratory compromise, oxygen requirement, hypotension, prolonged hospi
talization, duration of fever and neutropenia, bacteremia, bacteriuria, funguria, abnormal 
liver-function results and prolonged broad-spectrum antibiotic administration were factors 
associated with IFD. Duration between initiation of fever and antifungal administration of 
nearly 10 days were considered a risk factors of IFD among patients with FN.
IRB Reference Number: IRBRTA 825/2560.
Keywords: febrile neutropenia, invasive fungal disease, pediatric oncology, risk factors, 
mortality

Background
The most common complication among pediatric oncology patients is febrile 
neutropenia (FN). FN is mostly caused by mucocutaneous infection in the gastro
intestinal tract, pulmonary system, and skin from bacteria and fungi. Occult 
bacteremia is found in 20%–30% of patients with FN1 and related to neutropenia 
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of <100 cells/mm3.2 Patients hospitalized for fever and 
neutropenia are often treated with empirical antibiotics. 
Investigations and treatment of invasive fungal infection 
with antifungals is initiated when fever persists >4–7 
days or when the patient exhibits illness. A third of 
these patients are at risk of fungal coinfection, ie, candi
diasis or aspergillosis. Clinical symptoms, such as 
respiratory distress, sinonasal symptoms, and abdominal 
pain with laboratory such findings as bacteremia or fun
gemia or funguria,3 may warrant further workup for inva
sive fungal disease (IFD).

Patients receiving high-intensity chemotherapy regimens 
are at increased risk of developing IFD. Only 5.8% of 
patients with FN were ultimately diagnosed with IFD in 
one high-income country,4 while higher rates up to 23% 
were found in a country with limited resources.5 Related 
studies have shown increasing risk of developing IFD corre
late with prolonged duration of neutropenia after initiation of 
fever, treatment of acute myeloid leukemia,6 high-risk (or 
relapsed) acute lymphoblastic leukemia,7 high-dose steroid 
exposure,8 prolonged use of empirical antibiotics,9 and pre- 
existing sites of fungal colonization.10,11 Patients who 
develop fever during the induction phase of treatment (com
pared with the maintenance phase) and patients with early 
fever onset, ie, fever occurring within 5 days of becoming 
neutropenic appeared to be at higher risk of IFD.12

The mortality rate of FN due to Gram-negative septi
cemia is 10%–30%,13 while that of Gram positive septi
cemia is 28%.14 Similarly, the mortality rate of overall IFD 
is 48.2%.9 Specifically invasive aspergillosis has a mortal
ity rate as high as 30%.15

Most publications had defined IFD using clinical cri
teria, along with culture or biopsy of involved tissue. 
However, few of these reports have detailed whether the 
clinical characteristics, signs and symptoms, laboratory 
findings, or previous treatment are associated with IFD 
occurrence.4 Moreover, studies have been conducted in 
different geographical areas and populations, such as 
South America4 or adult patients.16 Accordingly, these 
findings in a pediatric population might be considered as 
specific guidelines to create greater awareness in center 
with limited resources, such as in Southeast Asia.

This study primarily aimed to explore clinical char
acteristics, including investigational and treatment 
approaches, and associated prognostic factors of IFD, 
specifically in a pediatric oncology population present
ing FN.

Methods
Patient Selection
Medical records of 85 pediatric oncology patients, newly 
diagnosed and treated for FN primarily at the Division of 
Hematology and Oncology, Department of Pediatrics, 
Phramongkutklao Hospital, from January 1, 2012 to 
December 31, 2016 were retrospectively reviewed.

Inclusion criteria were oncology patients aged 0–21 
years whose diagnosis of FN had been confirmed by FN 
definitions in the 2010 Infectious Disease Society of 
America clinical practice guidelines.17 Patients with 
incomplete diagnosis criteria, undergoing hematopoietic 
stem–cell transplantation (HSCT), or with a previous diag
nosis IFD were excluded from the study.

This study was approved by the Institutional Review 
Board, Royal Thai Army Medical Department according 
to the ethics principles of the Declaration of Helsinki 
(1975) and its revisions (IRBRTA 825/2560).

Laboratory Procedure
Galactomannan was detected in serum by direct double-sand
wich ELISA, with an index value ≥0.5 considered positive.

Operational Definition of Febrile 
Neutropenia
Patients had to meet two criteria: fever defined as a single 
oral temperature measurement >38.3°C (101°F) or >38°C 
(100.4°F) sustained over 1 hour, and neutropenia defined 
as an absolute neutrophil count (ANC) <500 cells/mm3 or 
expected to decline to this level.17

Institutional Definition of Fungal 
Infections
IFD definition was adapted from the European 
Organization for Research and Treatment of Cancer 
(EORTC)–Invasive Fungal Infections Cooperative Group 
and the National Institute of Allergy and Infectious 
Diseases Mycoses Study Group (MSG) Consensus 
Group.18,19

Proven IFD was defined as documented constitutional 
symptoms with evidence of fungus isolated from normally 
sterile body fluid or confirmed by histopathology.

Probable IFD was defined as documented constitu
tional symptoms in appropriate host factors with radiolo
gical findings confirmed by a radiologist, ie, computed 
tomography scan showing dense, well-circumscribed 
lesions with or without a halo or air-crescent sign, cavities, 
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and evidence of fungus isolated from nonsterile body fluid 
or laboratory evidence of galactomannan antigen or β-D- 
glucan detected in serum.

Possible IFD was defined as documented constitutional 
symptoms in appropriate host factors with no laboratory 
support in a nonendemic mycosis area.

Mucosal fungal disease was defined as documented 
symptoms and confirmed histopathology or positive cul
ture of specifically nonsterile mucosa, ie, the skin or 
esophagus.

Diagnostic Definitions
Respiratory compromise was defined as any symptoms 
addressing deterioration in respiratory function, ie, use of 
accessory muscle, and increased or decreased respiratory 
rate according to age.

Oxygen requirement was defined as abnormal cardio
pulmonary conditions causing respiratory compromise that 
required oxygen therapy to maintain target oxygen satura
tion >94% in room air.

Hypotension was defined as blood pressure less than 
the fifth percentile according to age and/or 90/50 mmHg.

Abnormal liver-function test (LFT) results were 
defined as at least one of increased alanine aminotransfer
ase (ALT), increased aspartate aminotransferase (AST) at 
least double the upper normal limit, increased total bilir
ubin concentration, or decreased serum albumin.

Treatment of Febrile Neutropenia
Ceftazidime and amikacin were given to pediatric oncol
ogy patients with FN as a first-line empirical antibiotic 
regimen after blood cultures had been collected. 
Meropenem would be substituted due to unresponsive 
treatment. Additionally, vancomycin was considered for 
patients who were clinically unstable, with possible skin 
infection or suspected catheter-related infection. 
Amphotericin B was given as an empirical antifungal if 
fever had persisted >4–7 days.

Statistical Analysis
Baseline values of demographic data, clinical manifestations, 
laboratory studies, treatment strategies, and outcomes from 
all participating patients were analyzed using descriptive 
statistics and are presented as means ± SD (normal distribu
tion) or medians with range (abnormal distribution) for con
tinuous variables and calculated using frequency and 
percentage for categorical variables. Categorical and contin
uous variables were compared using Fisher’s exact and 

Mann–Whitney U tests, respectively. Univariate and multi
variate binary logistic regression analyses were performed to 
analyze the impact of possible factors on defined outcomes. 
Five to ten potential risk factors on defined outcomes from 
observational experience were chosen and analyzed in the 
univariate analytic model. In addition, all factors that were 
statistically significant on univariate analysis were also ana
lyzed with multivariate analysis and affirmed interrelation
ships among several variables. The number of patients was 
sufficient for an acceptable level of statistical power to per
form the multivariate analysis. Statistical analysis was per
formed using IBM SPSS 23.0, and P<0.05 was considered 
statistically significant.

Results
Patient Characteristics
Among 85 oncology patients who presented with fever and 
neutropenia, 12 were excluded due to previously diagnosed 
confirmation of IFD and inability to confirm clinical criteria of 
FN. As such, 73 patients with a confirmed diagnosis of FN for 
a total of 180 FN episodes were subsequently studied, as 
shown in Figure 1. Patient age, sex, diagnosis, status of dis
ease, and complete blood–count parameters, including initial 
white blood cell (WBC) count and ANC, at diagnosis of FN 
are summarized in Table 1.

Among the 180 FN episodes, IFD was diagnosed in 25 
(13.9%). Median duration between initiation of fever until 
diagnosis of IFD was 10 (0–53) days. Overall median age 
was approximately 6.23 (range, 0–19.8) years, and the male: 
female ratio was 1:1. The most common diagnosis was 
hematologic malignancy, totaling 161 (89.4%) FN episodes. 
A majority were acute lymphoblastic leukemia, followed by 
acute myeloid leukemia, Burkitt’s lymphoma, diffuse large 
B–cell lymphoma, chronic myeloid leukemia, anaplastic 
large-cell lymphoma and Hodgkin’s lymphoma. Solid tumors 
for 18 (10%) episodes involved neuroblastoma followed by 
osteosarcoma, rhabdomyosarcoma, and Ewing’s sarcoma.

Disease status was divided into newly diagnosed (132, 
73.3%) and relapsed or refractory disease 48 (26.7%).

Median WBC count and ANC at diagnosis of FN were 
800 cells/mm3 and 0 cells/mm3, respectively.

Only median initial WBC count at FN diagnosis in 
patients with IFD (600, range 0–4,300 cells/mm3) was 
significantly lower than those without (900, range 100– 
28,900 cells/mm3; P=0.038). Age, sex, diagnosis, disease 
status, and ANC at FN diagnosis between the non-IFD and 
IFD groups did not significantly differ.
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Pathogens Causing Febrile Neutropenia
Among the 180 FN episodes, pathogens causing FN were 
identified by histopathology, microbiology, or meeting 
institutional definition of fungal infections in 71 (39.4%) 
episodes. The most common organisms were bacteria (39, 
54.9%), followed by fungus (31, 43.7%) and virus (one, 
1.4%; Supplementary Table 1).

IFD was identified in 25 (13.9%) of the FN episodes, 
(Supplementary Table 2). Proven IFD totaled seven (28%) 
episodes, candidemia four (57.1%), invasive aspergillosis 
two (28.6%), and combined candidemia and cryptococcal 
skin infection one (14.3%). Probable and possible IFD were 
identified for 14 (56%) and four (16%) episodes, respectively. 
For IFD, six (24%) episodes showed IFD concomitant with 
bacteremia and eleven (44%) with bacterial infection.

Treatment Outcomes
Over 96% (173 episodes) of patients with FN survived, as 
shown in Figure 2. Seven (4%) patients died. Five (71.4%) 
had IFD concomitant with bacterial septicemia and/or 

hemodynamic instability (septic or spinal shock) causing 
multiorgan failure. One (14.3%) patient had Neisseria 
meningitidis encephalitis, and one (14.3%) an unidentified 
pathogen.

The overall mortality rate among patients with FN was 
4%. Patients with IFD had significantly higher mortality 
(20%, five of 25) than non-IFD (1.3%, two of 155); (OR 
19.125, 95% CI 3.477–105.189; P=0.001).

Clinical and Laboratory Factors 
Associated with IFD
Signs and symptoms, including compromised respiratory 
symptoms requiring oxygen therapy, hypotension, pro
longed hospitalization and duration of fever, neutropenia, 
and broad-spectrum antibiotics were influential factors 
associated with IFD on univariate analysis (P<0.05). 
Multivariate analysis was subsequently performed, and 
none was an independent risk factors of IFD (Table 2).

Abnormal LFT results, bacteremia, bacteriuria, and fun
guria were statistically significantly associated with occurrence 

Figure 1 Study flowchart.
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of IFD on univariate analysis (P<0.05, Figure 3), but were not 
independent risk factors of IFD on multivariate analysis.

Antibiotics Associated with IFD
All patients received antibiotics for FN treatment. 
Meropenem and vancomycin were associated with the 
occurrence of IFD. Patients receiving meropenem were 
associated with IFD (OR 5.338, 95% CI 2.201–12.947; 
P<0.001). Similarly, vancomycin was also associated with 
IFD (OR 9.297, 95% CI 3.568–24.225; P<0.001) as shown 
in Supplementary Table 3.

Influential Factors Associated with 
Clinical Outcomes among Patients 
Receiving Antifungal Treatment
Among 61 (34%) FN cases receiving antifungal treatment, 
36 (59%) episodes were non-IFD and 25 (41%) IFD. WBC 
count and ANC at diagnosis of FN, fever, and neutropenia 

duration were not significant predictive factors of IFD. 
Occurrence of IFD among patients with FN presenting 
abnormal LFT results was significantly higher on univari
ate analysis(OR 3.556, 95% CI 1.218–10.376; P=0.02). 
Moreover, longer duration between initiation of fever and 
antifungal administration was a risk factor associated with 
IFD. Multivariate analysis was subsequently performed, 
and affirmed that longer duration (nearly 10 days) between 
onset of fever and antifungal administration remained an 
independent risk factor of IFD (adjusted OR 1.201, 95% 
CI 1.038–1.389; P=0.014), as shown in Table 3.

Discussion
The most common serious complication following pediatric 
hematology/oncology treatment is FN. It causes high fatal
ity, unnecessarily consumed resources, and prolonged hos
pitalization. Mortality from FN was higher in low- and 
middle-income countries — 4% in our study and 5.5% in 
India20 — than high-income countries, eg, 0.6% in the US.21

Table 1 Characteristics of Febrile Neutropenia Patients (n=180)

Demographics NonInvasive Fungal 
Disease (n=155), n (%)

Invasive Fungal Disease 
(n=25), n (%)

Total (n=180), n (%) P

Age at FN diagnosis (years) 6.23 (0–19.8) 7 (0.2–15.63) 6.23 (0–19.8) 0.731

Sex 0.184

Male 78 (50.3) 9 (36) 87 (48.3)

Female 77 (49.7) 16 (64) 93 (51.7)

Diagnosis 0.815

Hematologic malignancy 138 (89) 23 (92) 161 (89.4)

Acute lymphoblastic leukemia 80 (51.6) 11 (44) 91 (50.6)

Acute myeloid leukemia 40 (25.8) 7 (28) 47 (26.1)

Chronic myeloid leukemia 3 (1.9) 1 (4) 4 (2.2)

Burkitt’s lymphoma 4 (2.6) 3 (12) 7 (3.9)

Anaplastic large-cell lymphoma 4 (2.6) 0 4 (2.2)

Diffuse large B–cell lymphoma 5 (3.2) 1 (4) 6 (3.3)

Hodgkin’s lymphoma 2 (1.3) 0 2 (1.1)

Solid tumor 16 (10.3) 2 (8) 18 (10.0)

Neuroblastoma 7 (4.5) 0 7 (3.9)

Osteosarcoma 2 (1.3) 0 2 (1.1)

Rhabdomyosarcoma 2 (1.3) 0 2 (1.1)

Ewing sarcoma 0 1 (4) 1 (0.6)

Other 5 (3.2) 1 (4) 6 (3.3)

Brain tumor 1 (0.7) 0 1 (0.6)

Disease status 0.871

New diagnosis 114 (73.5) 18 (72) 132 (73.3)

Relapsed–refractory 41 (26.5) 7 (28) 48 (26.7)

WBC count at FN diagnosis (cells/mm3) 900 (100–28,900) 600 (0–4,300) 800 (0–28,900) 0.038

ANC at FN diagnosis (cells/mm3) 0 (0–806) 0 (0–340) 0 (0–806) 0.164

Notes: Data presented as medians (range) for continuous variables and n (%) for categorical variables. Comparison between two independent data sets was analyzed using 
Fisher’s exact or Mann–Whitney U tests (age, WBC, and ANC at FN diagnosis). P<0.05 was considered statistically significant. 
Abbreviations: FN, febrile neutropenia; NA, not available; WBC, white blood cell; ANC, absolute neutrophil count.
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Pathogens related to FN are bacteria causing bactere
mia and fungal infections. IFD is the crucial cause of 
morbidity and mortality.22 However, FN is sometimes 
remains unidentified or labeled “fever of unknown origin”.

The epidemiology of FN-causative organisms depends 
on the country. Fever of unknown origin in countries with 
limited resources, as in our study, has been reported as 
60% compared to 45% in a developed country.22 In addi
tion, Gram-positive bacteremia dominates in countries 
widely using central venous catheters23 compared to coun
tries with limited resources, which have a higher percen
tage of occult Gram-negative bacteremia.20

Risk factors of FN in literature reviews have included 
type of cancer, intensity of chemotherapy, associated 
comorbidities,24 duration of neutropenia, length of hospital 
stay, and previous bacteremia.25

Nevertheless, fungal infection remained the leading 
cause of mortality, especially among immunocompromised 
patients experiencing FN. IFD represents one of the ser
ious complications among patients undergoing immuno
suppressive therapy or HSCT. IFD occurred at 13.9% in 
our study. This is similar to a recent finding in Siriraj 
Hospital, Bangkok, Thailand,16 but higher than studies in 
South America 8.8%22 and the US (4.9%).26 This higher 
incidence was possibly affected by the lower use of anti
fungal prophylaxis in a center with limited resources.

Clinical presentations associated with IFD include sinu
sitis and abdominal discomfort.5 However, abdominal pain 
and pneumonia predominated in our study. Nevertheless, 
respiratory distress, oxygen requirement, and hypotension 
have been documented as high risk factors of FN in devel
oping serious morbidity.25,27,28 In our study, these factors 
were associated with IFD on univariate analysis, but not as 
independent risk factors on multivariate analysis.

The most common pathogens causing IFD in pediatric 
oncology populations were Candida and Aspergillus 
infection,7,24 which was likewise found in our study.

The definition of IFD is divided into proven, probable, and 
possible, as described by the EORTC/MSG Consensus 
Group.18,19 In countries with limited resources, most IFD 
cases are classified as probable or possible, rather than 
proven.6,9 In our study, probable IFD totaled 56%, possible 
IFD 16%, and proven IFD 28%. The low IFD figure might be 
due to inaccessibility of tissue biopsies and unidentified fungal 
cultures in a country with limited resources, such as Thailand.

Risk factors associated with IFD in pediatric oncology 
previously reported include age, cancer type, duration of 
fever,4 prolonged neutropenia,8 ANC <500 cells/mm3, and 
prolonged using of broad-spectrum antimicrobial agents.9,28 

These are usually reported among patients with mostly 
hematologic malignancies in most studies.5,9 In addition, 
most previous studies on pediatric oncology populations 

Figure 2 Outcomes of patients with febrile neutropenia associated with invasive fungal disease (n=180). 
Notes: Data are presented as n (%) for categorical variables. Univariate analysis was calculated using logistic regression. P<0.05 was considered statistically significant.
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have included nonfever or nonneutropenic cases.26 In our 
study, cancer types were not associated with IFD. However, 
our study is one of the few to report both hematologic 
(90%) and solid malignancies (10%) among children with 

fever and neutropenia. This variation affected the results 
differently. In our study, ANC at diagnosis of FN was not 
associated with IFD. This was because average ANC was 0 
cells/mm3 in our study population, regardless of IFD occur
rence. ANC in our report was much <500 cells/mm3 which 
has been documented as an IFD risk in most published data.

We identified bacteremia concomitant with IFD in 24% 
of patients with IFD. This was possibly because most patients 
with IFD received multiple and prolonged administration of 
broad-spectrum antibiotics, such as meropenem and vanco
mycin, for prolonged fever and neutropenia.29 Antifungal 
therapy is considered for patients presenting persistent or 
recurrent fever after 4–7 days of receiving broad-spectrum 
antibiotics according to Infectious Disease Society of 
America clinical practice guidelines.17 Therefore, this 
group of patients is more susceptible to developing multi
drug-resistant bacteremia,30 which often leads to the devel
opment of systemic coinfection such as bacterial septicemia, 
urinary tract infection, or enteritis.

Table 3 Clinical and Laboratory Factors Associated with Clinical Outcomes of Invasive Fungal Disease in Febrile Neutropenia Patients 
Who Received Antifungal Treatment (n=61)

NonInvasive 
Fungal 
Disease 

(n=36), n (%)

Invasive 
Fungal 
Disease 

(n=25), n 
(%)

P Crude 
OR

95% CI P Adjusted 
OR

95% CI

WBC count at FN diagnosis 
(cells/mm3)

Mean ± SD 1150±1080.87 808±961.3 0.216 1.000 0.999–1.000

ANC at FN diagnosis (cells/ 
mm3)

Mean ± SD 67.22±136.35 45.92±106.09 0.510 0.999 0.994–1.003

Liver-function test
Normal 24 (72.7) 9 (27.3)
Abnormal 12 (42.9) 16 (57.1) 0.020 3.556 1.218–10.376 0.093 3.102 0.828–11.622

Duration of fever (days)
Mean ± SD 9.42±7.35 17.12±19.15 0.062 1.051 0.997–1.108

Duration of neutropenia 
(days)

Mean ± SD 22.28±10.59 22.8±16.53 0.878 1.003 0.965–1.043

Duration between start of 
fever and antifungal 
administration (days)

Mean ± SD 5.33±3.74 9.92±7.25 0.008 1.187 1.045–1.348 0.014 1.201 1.038–1.389

Notes: Data presented as means ± SD for continuous variables and n (%) for categorical variables. Univariate and multivariate analyses were calculated using logistic 
regression. P<0.05 was considered statistically significant. 
Abbreviations: WBC, white blood cell; FN, febrile neutropenia; ANC, absolute neutrophil count.

Figure 3 Laboratory factors affecting clinical outcomes of invasive fungal disease in 
febrile neutropenia patients (n=180). 
Notes: Data are presented as n (%) for categorical variables. Univariate analysis 
was calculated using logistic regression. P<0.05 was considered statistically 
significant. 
Abbreviation: NA, not available.
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Interestingly, abnormal LFT results associated with 
IFD were found in this study, though not an independent 
risk factor. Abnormal LFT results might represent an early 
sign of organ compromise or septicemia, which are risks 
factors of developing IFD.

In summary, the abnormal LFT results, bacteremia,3,29,31 

bacteriuria, and funguria found in our study were associated 
with IFD.

On multivariate analysis, patients with IFD had signifi
cantly longer duration, nearly 10 days, between initiation of 
fever and antifungal administration than patients without 
IFD. This presumably prolonged waiting period for anti
fungal administration was associated with developing IFD. 
Earlier administration of antifungal treatment could be a 
potential factor in suppressing IFD manifestation in patients 
with FN. As such, this finding was not truly an independent 
predictive factor of IFD. However, if patients experience 
symptoms suspected to be IFD and fever >4–7 days after 
empirical antibiotics, antifungal treatment should be con
sidered promptly and not postponed >10 days.

The mortality rate of IFD was 20% in our study, similar 
to 25% in Taiwan15 and 14%–29% in US studies,26,32 

whereas antifungal prophylaxis was widely used. The 
causes of death are associated with concomitant bacterial 
septicemia causing multiorgan failure.

To our knowledge, this study is the first to identify 
predictive factors of IFD in a Southeast Asian pediatric 
oncology population with FN.

Limitations
This was a retrospective study on IFD that was mostly 
“probable” or “possible” by definition, and thus does not 
represent a study of an entire group of IFD cases that 
should otherwise be diagnosed by proven IFD. Moreover, 
all patients with IFD in our study were in fever and 
neutropenic settings. We excluded patients with IFD 
undergoing HSCT and presenting nonfever and nonneu
tropenic IFD,7 which would have represented an entire 
population of patients with IFD.

Conclusion
This study affirmed that IFD was the main factor contri
buting to the high mortality rate among pediatric hematol
ogy/oncology patients with FN. IFD definitions often meet 
“probable” or “possible” rather than “proven” cases in 
countries with limited resources. Addressing the factors 
associated with IFD is warranted in order to decrease 
disease mortality and complications. Respiratory 

compromise, oxygen requirement, hypotension, prolonged 
hospitalization, duration of fever and neutropenia, bacter
emia, bacteriuria, funguria, abnormal LFT results, and 
broad-spectrum antibiotic administration were factors 
associated with IFD. ANC was not associated with IFD 
when <100 cells/mm3. In addition, duration between 
initiation of fever and antifungal administration of nearly 
10 days was a potential influential factor to predict occur
rence of IFD, though, earlier administration of antifungal 
treatment would be a confounding factor suppressing IFD 
manifestation among pediatric oncology patients with FN.

Abbreviations
ALT, alanine aminotransferase; ANC, absolute neutrophil 
count; AST, aspartate aminotransferase; EORTC–MSG, 
European Organization for Research and Treatment of 
Cancer–Invasive Fungal Infections Cooperative Group– 
National Institute of Allergy and Infectious Diseases 
Mycoses Study Group; FN, febrile neutropenia; HSCT, 
hematopoietic stem–-cell transplantation; IFD, invasive fun
gal disease; LFT, liver-function test; WBC, white blood cell.
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