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Clinical Features and Prognosis of Invasive Pulmonary 
Aspergillosis in Korean Children with Hematologic/Oncologic 
Diseases

Invasive pulmonary aspergillosis (IPA) is the most frequent form of invasive fungal diseases 
in immunocompromised patients. However, there are only a few studies on IPA in 
immunocompromised children in Korea. This study was designed to characterize IPA in 
Korean children with hematologic/oncologic diseases. Medical records of children with 
hematologic/oncologic diseases receiving antifungal therapy were reviewed. The enrolled 
children were divided into the IPA group (proven and probable IPA) and non-IPA group, 
and the clinical characteristics and prognosis were compared between the two groups. 
During the study period, 265 courses of antifungal therapy were administered to 166 
children. Among them, two (0.8%) episodes of proven IPA, 35 (13.2%) of probable IPA, 
and 52 (19.6%) of possible IPA were diagnosed. More children in the IPA group suffered 
from neutropenia lasting for more than two weeks (51.4% vs. 21.9%, P < 0.001) and 
showed halo signs on the chest computed tomography (78.4% vs. 40.7%, P < 0.001) 
than in the non-IPA group. No other clinical factors showed significant differences 
between the two groups. Amphotericin B deoxycholate was administered as a first line 
antifungal agent in 33 (89.2%) IPA group episodes, and eventually voriconazole was 
administered in 27 (73.0%) episodes. Ten (27.0%) children in the IPA group died within 12 
weeks of antifungal therapy. In conclusion, early use of chest computed tomography to 
identify halo signs in immunocompromised children who are expected to have prolonged 
neutropenia can be helpful for early diagnosis of IPA and improving prognosis of children 
with IPA.
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INTRODUCTION

Aspergillus spp. became the most common pathogen causing 
invasive fungal disease (IFD) in immunocompromised patients 
after the introduction of fluconazole prophylaxis; therefore, in-
vasive aspergillosis (IA) is the most common type of IFD in these 
patients (1-3). Immunocompromised patients with IA have a 
high mortality of 40%-50% (4-6), and mortality up to 70% has 
been reported in pediatric cancer patients with IA (7). In spite 
of the introduction of newer antifungal agents, such as voricon-
azole and echinocandins, which have an improved effect on IA, 
the mortality of IA was recently reported as 25%-35% (8-11). A 
relatively higher mortality of 40%-50% due to IA is still cited in 
situations where amphotericin B deoxycholate was adminis-
tered as the first line antifungal agent, as in Korea where avail-
ability of first line antifungal agents was limited to amphotericin 
B deoxycholate or itraconazole under government regulations 
of the national health insurance system (12-14).

 Given the high mortality of IA and improved prognosis with 
an early diagnosis and antifungal treatment (15, 16), empirical 
or pre-emptive antifungal therapy with antifungal agents hav-
ing an anti-mold effect has been recommended in immuno-
compromised patients with risk factors for IA (17, 18). On the 
other hand, universal empirical therapy in patients at risk for IA 
may expose those patients without a true fungal infection to 
unnecessary antifungal agents, and this may result in unwanted 
adverse effects and increased medical costs. Actually, only 8%-
20% of patients with hematologic/oncologic diseases who re-
ceived empirical antifungal therapy were reported to have true 
IFD (19-21).
 In Korea where empirical antifungal therapy has been stan-
dard practice for children with hematologic/oncologic diseas-
es, epidemiological data on IFD or IA in those children is scarce 
(12). The aim of this retrospective study was to investigate the 
clinical features and prognosis of invasive pulmonary aspergil-
losis (IPA) in Korean children with hematologic/oncologic dis-
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eases. This study was conducted with consideration of the fact 
that IA is the most frequent of IFD in immunocompromised pa-
tients and most cases of IA are IPA (3, 11, 12, 15, 22, 23). 

MATERIALS AND METHODS

Subjects and study design
Medical records of children (< 20 yr of age) with hematologic/
oncologic diseases, who were admitted to Seoul St. Mary’s Hos-
pital, Seoul, Korea between April 2009 and March 2013 were 
retrospectively reviewed. Among them, children who received 
antifungal therapy with agents having an anti-mold effect for 
more than 48 hr were enrolled. The enrolled children were di-
agnosed with possible, probable, or proven IPA based on the 
revised definition of IFD in immunocompromised patients rec-
ommended by the European Organization for Research and 
Treatment of Cancer/Invasive Fungal Infections Cooperative 
Group and the National Institute of Allergy and Infectious Dis-
eases Mycoses Study Group (EORTC-MSG) Consensus Group 
in 2008 (24). Children with IA not involving the lung were ex-
cluded. Children diagnosed with proven and probable IPA were 
included in the IPA group, whereas children diagnosed with 
possible IPA and those who did not fulfill the diagnostic criteria 
for three categories of IPA were included in the non-IPA group. 
In the event that one child experienced several episodes of IPA, 
IPA diagnosed after the cessation of antifungal therapy for a 
previous episode of IPA was considered a separate episode of 
IPA and included in the present study. Clinical features of the 
IPA group were investigated, and clinical factors related to the 
development of IPA were evaluated by comparing clinical fea-
tures of the IPA and non-IPA groups. The evaluated clinical fea-
tures included sex, age, the type of underlying hematologic/on-
cologic disease and its remission status, the type of therapy ad-
ministered prior to antifungal therapy, the duration of fever and 
neutropenia, previous histories of IPA and hematopoietic cell 
transplantation (HCT), and the presence of concurrent infec-
tions. In addition, mortality at 6 and 12 weeks after antifungal 
therapy was compared between the IPA and non-IPA groups. 

Institutional strategies for antifungal therapy
In our hospital, antifungal prophylaxis and empirical antifungal 
therapy have been given based on the recommendations of the 
committee for “Guidelines for the Empirical Therapy of Neutro-
penic Fever Patients based on Literature in Korea” (25). Anti-
fungal prophylaxis with oral fluconazole (3 to 5 mg/kg/day) was 
given from the initiation of anti-cancer chemotherapy until re-
covery from neutropenia. In children who received HCT, intra-
venous micafungin (1 mg/kg/day) prophylaxis was given from 
the start of pre-HCT conditioning therapy to engraftment, and 
then oral fluconazole was given until the discontinuation of im-
mune suppressants. Empirical antifungal therapy was adminis-

tered when fever lasted for 3 to 5 days in children who were ex-
pected to have neutropenia for longer than seven days or who 
received immune suppressants after allogeneic HCT. If chest 
computed tomography (CT) findings consistent with fungal 
pneumonia or positive serum galactomannan index (GMI) 
were observed, pre-emptive antifungal therapy was given re-
gardless of the duration of fever. Serum GMI was tested once or 
twice a week during neutropenia in children receiving anti-can-
cer chemotherapy and from pre-HCT conditioning therapy un-
til discharge from hospital in children receiving HCT. Chest CT 
was performed in children with abnormal findings on chest x-
ray or positive serum GMI.

Definition
The diagnosis of IPA was based on the definition of IFD recom-
mended by the EORTC-MSG Consensus Group, which was ap-
plicable to patients with host factors of compromised immunity 
(24). Proven IPA was defined as when Aspergillus spp. were ob-
served with accompanying tissue damage or Aspergillus spp. 
were identified in culture on sterile materials (24). Probable IPA 
was defin ed as when clinical features and mycological evidence 
for IPA were observed in patients with host factors, and possible 
IPA was defined as the presence of clinical features of IPA with-
out mycological evidence (24). One of the chest CT findings 
among well-circumscribed lesions with or without halo sign 
(consolidation and surrounding ground glass opacity), air-cres-
cent sign and cavity fulfills clinical criteria for IPA, and myco-
logical criteria consisted of the presence of mold or identifica-
tion of Aspergillus spp. from culture of sputum, bronchoalveolar 
lavage (BAL) fluid or bronchial brush and positive GMI from 
serum, plasma or BAL fluid (24). Neutropenia was defined as a 
neutrophil count < 500/μL (24), and chest CT was reviewed by 
two independent radiologists (HYL and SAI). The GMI was mea-
sured using the PLATELIATM ASPERGILLUS EIA kit (Bio-Rad, 
Marnes-la-Cocquette, France) in accordance with the manu-
facturer’s recommendations. Serum GMI > 0.5 and BAL fluid 
GMI > 1.0 were defined as positive based on the 4th European 
Conference on Infections in Leukemia (ECIL-4) guidelines (17). 
Positive GMI results were confirmed by a repeat measurement 
of GMI in the same sample. Because it was difficult to clearly 
define whether immunocompromised patients with IPA died 
of IPA or other complicated causes (26), overall mortality at 6 
and 12 weeks after antifungal therapy were evaluated.

Statistical analysis
Categorical variables were compared using the chi-square test 
and continuous variables were compared using student’s t-test 
or the Mann-Whitney test based on the distribution of the data. 
Fischer’s exact test was used to compare the incidence of IPA 
during the study period. Mortality at 12 weeks after antifungal 
therapy was compared between the IPA and non-IPA groups 
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using a log-rank test. Statistical analysis was performed using 
SPSS Statistics 17.0 (SPSS Inc., Chicago, IL, USA), and statistical 
significance was defined as a two-tailed P value < 0.05.

Ethics statement
This study was approved by the institutional review board of the 
Seoul St. Mary’s Hospital with an exemption of acquiring inform-
ed consent (Approval No.: KC14RISI0791). 

RESULTS 

A total of 268 courses of antifungal therapy with anti-mold agents 
were administered to 168 children. Among them, one episode 
of probable cerebral IA and two cases of possible fungal sinus-
itis without involvement of the lung were excluded. Among the 
remaining 265 courses of antifungal therapy, 52 (19.6%) episodes 
of possible IPA, 35 (13.2%) episodes of probable IPA, and two 
(0.8%) episodes of proven IPA were diagnosed. Accordingly, 37 
(14.0%) and 228 (86.0%) episodes were included in the IPA and 
non-IPA groups, respectively. Candidemia was diagnosed in 
five (1.9%) episodes in the non-IPA group, and IFD caused by 
other fungi was not reported. The yearly distribution of IPA was 
not significantly different during the study period (Fig. 1, P =  
0.603).

Characteristics of children with invasive pulmonary 
aspergillosis
The mean age of children in the IPA group was 11.4 ± 5.3 yr, and 
23 (62.2%) episodes of IPA were diagnosed in boys (Table 1). 
Acute myeloid leukemia (AML) and acute lymphoblastic leu-
kemia (ALL) were the most common underlying diseases, and 
23 (74.2%) episodes were diagnosed in non-complete remission 
(CR) of the underlying hematologic malignancies. In accordance 
with these results, re-induction or salvage chemotherapy was 

the most common therapy preceding antifungal therapy (35.1%), 
and allogeneic HCT was the next most common (16.2%).
 Prolonged neutropenia lasting for longer than 10 days was 
most frequent among the host factors for defining IFD recom-
mended by the EORTC-MSG Consensus Group (Table 2). A halo 
sign was the most common finding on chest CT, and serum GMI 
was positive in 30 (81.1%) episodes. BAL fluid analyses were per-
formed in 11 episodes, and BAL fluid GMI was positive in six 
(54.5%) episodes. Both serum and BAL fluid GMIs were posi-
tive in one (2.7%) episode. In the five episodes of BAL cases, BAL 
fluid GMI were negative, despite of positive serum GMIs. Accor-
ding to GMI results by specimen, BAL fluid(+)/serum(-) group 
and BAL fluid(-)/serum(+) group showed no significant differ-
ences in host factors or in clinical presentation. Bronchoscopy 
was performed earlier after starting antifungal therapy in the 
BAL fluid(+)/serum(-) group than in the BAL fluid(-)/serum(+) 
group, although statistically insignificant (median 3 days, inter-
quartile range [IQR]: 1-12 vs. median 6 days, IQR: 1-11 days, P =  
0.173). Aspergillus spp. were identified in BAL fluid cultures in 
two episodes. Two children diagnosed with proven IPA under-
went a pulmonary lobectomy, and the Aspergillus spp. were iden-
tified in their excised lung tissue. 
 Antifungal prophylaxis was performed in 26 (70.3%) episodes, 
and fluconazole (5 to 10 mg/kg/day) was administered most 
frequently (Table 3). Amphotericin B deoxycholate was admin-
istered as the first line antifungal agent in 33 (89.2%) episodes. 
The first line antifungal agent was changed to a second line drug 
in 35 (94.6%) of 37 episodes a median of 4 days (IQR: 2-7) later. 
Among 33 episodes in which amphotericin B deoxycholate was 
administered as the first line antifungal agent, amphotericin B 
deoxycholate was changed to a second line antifungal agent in 
32 (97.0%) episodes. Oral voriconazole was given as a second 
line agent on discharge from the hospital in three (9.4%) episo-
des, and intravenous voriconazole was given with a diagnosis 
of probable IPA in four (12.5%) episodes. In six (18.8%) episodes, 
second line agents were administered due to sustained fever 
lasting for more than five days in spite of first line antifungal ther-
apy. In the remaining 22 (68.8%) episodes, second line antifun-
gal agents were given due to adverse effects of first line agents. 
Infusion-related adverse effects of amphotericin B deoxycho-
late were reported in 18 (56.3%) episodes, including 14 cases of 
chills, seven cases of high fever, five cases of nausea and vomit-
ing, and one case each of dyspnea, skin rash and severe irrita-
bility. Hypokalemia (serum potassium level < 3.0 mEq/L) de-
veloped in 15 (46.9%) episodes during amphotericin B deoxy-
cholate therapy in spite of potassium supplementation. Increas-
ed serum creatinine greater than two times the baseline was 
observed in three (9.4%) episodes. Finally, antifungal therapy 
was completed with voriconazole in 27 (73.0%) episodes. 
 Mortality at 6 and 12 weeks after antifungal therapy was 16.2% 
and 27.0%, respectively (Table 3). Between 10 children who died 
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Fig. 1. Yearly distribution of the incidence of invasive pulmonary aspergillosis (P = 
0.603).
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within 12 weeks after antifungal therapy and 27 children who 
survived longer than 12 weeks after antifungal therapy, there 
were no significant differences in the distribution of host factors 
and clinical and mycological criteria (data not shown). Voricon-
azole was administered to 77.8% of the children who survived 
and 60.0% of the children who did not survive (P = 0.407). Vori-
conazole therapy was begun a median of 7 days (IQR: 4-13) af-
ter antifungal therapy in the children who survived and a medi-
an of 14 days (IQR: 6-25) after antifungal therapy in the children 
who did not survive (P = 0.204).

Comparison between the IPA and non-IPA groups
Clinical features between the IPA and non-IPA groups were 
compared in order to identify any significant factors related to 

the development of IPA in children who received antifungal 
therapy (Table 1). There were no significant differences in sex, 
age, underlying disease and its remission status, previous histo-
ries of IPA and HCT, and the type therapy administered prior to 
antifungal therapy between the two groups. However, signifi-
cantly more children in the IPA group experienced neutropenia 
lasting for longer than 2 weeks before antifungal therapy (P <  
0.001), and accordingly the proportion of children with a total 
duration of neutropenia longer than 4 weeks was significantly 
higher in the IPA group compared to the non-IPA group (P <  
0.001). Although fever duration was significantly longer in the 
IPA group than in the non-IPA group, the difference was only 
one day. 
 There was no difference in the distribution of host factors for 

Table 1. Characteristics of children receiving antifungal therapy

Factors Non-IPA group (n = 228) IPA group (n = 37) P value

Gender
   Male
   Female

  139 (61.0)
   89 (39.0)

   23 (62.2)
   14 (37.8)

 0.890

Age (yr), mean ± SD    10.0 ± 5.4    11.4 ± 5.3  0.155
Underlying disease

Acute myeloid leukemia 
Acute lymphoblastic leukemia
Juvenile myelomonocytic leukemia
Chronic myeloid leukemia
Other leukemias
Lymphoma
Solid tumor
Severe aplastic anemia
Hemophagocytic lymphohistiocytosis
Myelodysplastic syndrome
Other anemias

   94 (41.2)
   73 (32.0)
    5 (2.2)
    1 (0.4)
    6 (2.6)
    5 (2.2)
   20 (8.8)
   18 (7.9)
    4 (1.8)
    1 (0.4)
    1 (0.4)

   15 (40.5)
   15 (40.5)
    0 (0.0)
    0 (0.0)
    1 (2.7)
    0 (0.0)
    0 (0.0)
    6 (16.2)
    0 (0.0)
    0 (0.0)
    0 (0.0)

 0.519

Status of underlying disease*
Complete remission state
Uncontrolled state

   82 (39.4)
  126 (60.6)

    8 (25.8)
   23 (74.2)

 0.144

Administered therapy prior to antifungal therapy
No chemotherapy
Remission induction chemotherapy
Re-induction or salvage chemotherapy
Consolidation chemotherapy
Maintenance chemotherapy
Palliative chemotherapy
Allogeneic HCT
Autologous HCT

   25 (11.0)
   22 (9.6)
   76 (33.3)
   43 (18.9)
    5 (2.2)
   12 (5.3)
   36 (15.8)
    9 (3.9)

    5 (13.5)
    4 (10.8)
   13 (35.1)
    4 (10.8)
    1 (2.7)
    4 (10.8)
    6 (16.2)
    0 (0.0)

 0.715

Previous history
Post-HCT state
Previous IPA

   94 (41.2)
   19 (8.3)

   19 (51.4)
    4 (10.8)

 0.248
 0.541

Fever duration (days), median (IQR)
Before treatment
Total duration

    3 (1-5)
    7 (4-13)

    2 (1-4)
    7 (4-17)

 0.017
 0.641

Neutropenia duration
Before treatment
  ≤ 2 weeks
  > 2 weeks
Total duration
  ≤ 4 weeks
  > 4 weeks

  178 (78.1)
   50 (21.9)

  175 (76.8)
   53 (23.2)

   18 (48.6)
   19 (51.4)

   16 (43.2)
   21 (56.8)

< 0.001

< 0.001

Concurrent other infections    60 (26.3)    10 (27.0)  0.927

*Complete remission state was determined in 239 episodes (208 in the non-IPA group and 31 in the IPA group). IPA, invasive pulmonary aspergillosis; SD, standard deviation; 
HCT, hematopoietic cell transplantation; IQR, interquartile range.
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defining IFD recommended by the EORTC-MSG Consensus 
Group between the two groups (Table 2). Chest CT was perform-
ed in 118 episodes in the non-IPA group, and halo signs were 

observed significantly more frequently in the IPA group than in 
the non-IPA group (P < 0.001). BAL fluid analyses were perform-
ed in 28 episodes (11 in the IPA group and 17 in the non-IPA 
group) between April 2009 and March 2011. In the 17 episodes 
in the non-IPA group, there were no cases of positive BAL fluid 
GMI and only one (5.9%) episode of positive BAL fluid culture 
for Aspergillus spp.
 Antifungal prophylaxis was administered more frequently in 
the IPA group; however, the difference was not significant (Ta-
ble 3). The type of first line antifungal agent was not significant-
ly different between the two groups. However, second line and 
later administered antifungal agents were significantly different 
between the two groups - voriconazole and liposomal ampho-
tericin B were most commonly administered in the IPA and 
non-IPA groups, respectively. Mortality at 6 and 12 weeks after 
antifungal therapy was higher in the IPA group compared to the 
non-IPA group, however, the differences were not statistically 
significant (Fig. 2, P = 0.353). 

DISCUSSION

In the present study, clinical features and prognosis of IPA diag-
nosed in children with hematologic/oncologic diseases were 
investigated, and clinical factors associated with the develop-
ment of IPA in children who received antifungal therapy were 
evaluated. Prolonged neutropenia, corticosteroids or immune 
suppressant therapy, hematologic malignancy as a underlying 
disease, especially AML, relapsed leukemia, receiving an allo-
geneic HCT, graft-versus-host disease and cytomegalovirus in-
fection after allogeneic HCT, and other respiratory viral infec-
tion after allogeneic HCT were reported as risk factors for IA in 

Table 2. The application of definitions of invasive aspergillogsis recommended by the 
European Organization for Research and Treatment of Cancer/Invasive Fungal Infec-
tions Cooperative Group and the National Institute of Allergy and Infectious Diseases 
Mycoses Study Group Consensus Group

Factors
Non-IPA group 

(n = 228)
IPA group  
(n = 37)

P value

Host factors
   Prolonged neutropenia
   Allogeneic HCT
   Prolonged steroid
   Immune suppressant

176/228 (77.2)
    55/228 (24.1)
     4/228 (1.8)
     2/228 (0.9)

  33/37 (89.2)
  13/37 (35.1)
   2/37 (5.4)
   2/37 (5.4)

 0.097
 0.155
 0.166
 0.095

Clinical criteria
Halo sign
Consolidation
Air-crescent
Cavity

    48/118 (40.7)
    14/118 (11.9)
     2/118 (1.7)
     0/118 (0.0)

  29/37 (78.4)
   8/37 (21.6)
   0/37 (0.0)
   2/37 (5.4)

< 0.001
 0.138
 1.000
 0.056

Mycological criteria
Serum GMI positivity
BAL GMI positivity
BAL fluid Culture positivity

    27/228 (11.8)
     0/17 (0.0)
     1/17 (5.9)

  30/37 (81.1)
   6/11 (54.5)
   2/11 (18.2)

< 0.001
 0.001
 0.543

Data represent the number of corresponding children/the total number of included 
children (%). IPA, invasive pulmonary aspergillosis; HCT, hematopoietic cell transplan-
tation; GMI, galactomannan index; BAL, bronchoalveolar lavage.

Table 3. Antifungal therapy and clinical outcomes in children receiving antifungal 
therapy 

Factors
Non-IPA group 

(n = 228)
IPA group 
(n = 37)

P value

Anti-fungal prophylaxis
No prophylaxis
Fluconazole
Itraconazole
Micafungin

    
95 (41.7)

   101 (44.3)
     5 (2.2)

    27 (11.8)

 
   11 (29.7)
    21 (56.8)
     2 (5.4)
     3 (8.1)

 0.279

Anti-fungal therapy
1st line therapy
   Amphotericin B deoxycholate
   Liposomal amphotericin B
   Caspofungin
   Itraconazole
   Voriconazole

 
  202 (88.6)
    12 (5.3)
     2 (0.9)
     9 (3.9)
     3 (1.3)

    33 (89.2)
     2 (5.4)
     0 (0.0)
     2 (5.4)
     0 (0.0)

 0.913

2nd line therapy
   Amphotericin B deoxycholate
   Liposomal amphotericin B
   Caspofungin
   Itraconazole
   Voriconazole

   166 (72.8)
     2 (1.2)

   133 (80.1)
    24 (14.5)
     3 (1.8)
     4 (2.4)

    35 (94.6)
     0 (0.0)
    16 (45.7)
     6 (17.1)
     1 (2.9)
    12 (34.3)

< 0.001

Final therapy
   Amphotericin B deoxycholate
   Liposomal amphotericin B
   Caspofungin
   Itraconazole
   Voriconazole

    44 (19.3)
   119 (52.2)
    33 (14.5)
    10 (4.4)
    22 (9.6)

     2 (5.4)
     3 (8.1)
     4 (10.8)
     1 (2.7)
    27 (73.0)

< 0.001

Total duration of therapy (days),  
   median (IQR)

    12 (7-21)     73 (22-175) < 0.001

Outcome
   6 weeks mortality
   12 weeks mortality

    30 (13.2)
    46 (20.2)

     6 (16.2)
    10 (27.0)

 0.615
 0.344

IPA, invasive pulmonary aspergillosis; IQR, interquartile range.

Fig. 2. Comparison of cumulative survival between the IPA and non-IPA groups. 
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patients with hematologic/oncologic diseases (5, 6, 8, 27-30). In 
accordance with previous reports, AML was the most frequent 
underlying disease, and more than half of the children with he-
matologic malignancies were non-CR status in the present study. 
 IPA was diagnosed in 14.0% of children who received antifun-
gal therapy in the present study, and the remaining children, over 
80.0%, may have experienced adverse effects of the adminis-
tered antifungal agents, increased medical costs, and prolonged 
duration of hospitalization due to unnecessary antifungal ther-
apy. We tried to identify clinical factors predicting the develop-
ment of IPA in those children to reduce unnecessary antifungal 
therapy in future patients, and only the duration of neutropenia 
was significantly different between the IPA and non-IPA groups. 
Because prophylactic fluconazole has been administered to chil-
dren at risk for IFD in our hospital, we decided to begin empiri-
cal or pre-emptive antifungal therapy based on the risk for IA. 
As a result, antifungal therapy was initiated based on similar clin-
ical criteria for children both in the IPA and non-IPA groups. 
Other hospitals where antifungal prophylaxis is performed should 
address such situations in a fashion similar to our hospital. There-
fore, the initiation of antifungal therapy should be based not only 
on clinical features, but also on results of imaging and mycolo-
gical tests, such as chest CT and serum and BAL fluid GMIs. In 
the present study, the incidence of halo sign on chest CT was 
significantly higher in the IPA group compared to the non-IPA 
group. Although there was no significant difference in outcome 
between the IPA and non-IPA groups, chest CT was helpful in 
diagnosing IPA. 
 Serum GMI is valuable in diagnosing IPA in children and adults 
(31-33), and the ECIL-4 guidelines recommend a serum GMI 
> 0.5 as positive (17). Considering 16.2% of the IPA group in the 
present study showed negative serum GMI results but positive 
BAL fluid GMI or culture results, BAL fluid analyses should be 
encouraged in patients in whom IPA is suspected in spite of neg-
ative serum GMI results. In addition, bronchoscopy should be 
performed in the early phase of IPA to acquire reliable BAL fluid 
GMI results. The ECIL-4 guidelines recommend a BAL fluid GMI 
> 1.0 as positive (17). However, there have been only a few stud-
ies on the application of BAL fluid GMI for diagnosing IPA in 
children (34, 35), and further studies to determine an appropri-
ate BAL fluid GMI cut-off value for diagnosing IPA should be 
performed in children.
 The 27.0% mortality in the IPA group was lower than recently 
reported 45% mortality in Korean adult and pediatric patients 
with IPA (12, 13), although 89.2% of the IPA group received am-
photericin B deoxycholate as a first line antifungal agent in the 
present study. The difference in mortality was assumed to be a 
result of early changes in antifungal agents from amphotericin 
B deoxycholate to liposomal amphotericin B or voriconazole in 
our cases. In addition, about 80% of the IPA group showed halo 
signs on chest CT, which have been reported as characteristic 

CT findings in the early phase of IPA as opposed to air-crescent, 
cavity, and simple consolidation (31, 36). Most patients in the 
IPA group may have been diagnosed with IPA in the early phase 
of disease in the present study, and an improved prognosis in 
IPA patients with halo signs compared to other CT findings has 
been reported (37).
 The present study was performed when amphotericin B de-
oxycholate or itraconazole were required to be administered as 
a first line antifungal agent due to government regulation of the 
national health insurance system in Korea. Now, in 2015, we 
are able to administer liposomal amphotericin B and caspofun-
gin as first line antifungal agents in febrile neutropenic children 
based on a modified government policy in 2014. Because first 
line antifungal agents were adjusted to second line agents due 
to their adverse effects in more than half of IPA episodes in the 
present study, more safe and effective antifungal therapy is ex-
pected in the future in Korea. Voriconazole treatment was asso-
ciated with improved survival and fewer side effects compared 
to amphotericin B deoxycholate treatment of IPA (9), and em-
pirical antifungal therapy with voriconazole was reported to be 
more economical than empirical therapy with amphotericin B 
deoxycholate (38, 39). In the present study, almost all IFD cases 
were IPA and no cases of mucormycosis were reported. In ad-
dition, in the IPA group of the present study, children who died 
received voriconazole therapy later than children who survived, 
although this difference was not statistically significant. Consid-
ering these results, voriconazole as well as liposomal ampho-
tericin B and caspofungin could be considered as a first line an-
tifungal agent in immunocompromised Korean children at risk 
for IPA to further improve prognosis in those children.
 This study has several limitations including its retrospective 
nature. Cases of IFDs other than IPA were not thoroughly re-
viewed in the whole population of children with hematologic/
oncologic diseases in our hospital. Risk factors for mortality and 
poor prognosis in children with IPA could not be evaluated due 
to the small number of children diagnosed with IPA. The enroll-
ed children were heterogeneous - children with various types of 
underlying diseases were included and children receiving au-
tologous or allogeneic HCT and not receiving HCT were includ-
ed together. To overcome these limitations, a multicenter study 
including many children should be performed in the future.
 In conclusion, 14.0% of children who received empirical an-
tifungal therapy were diagnosed with IPA. Although amphoter-
icin B deoxycholate was administered as a first line antifungal 
agent in most cases, mortality at 12 weeks after antifungal ther-
apy was lower than previously reported in Korea. This improve-
ment in prognosis of IPA was assumed to be arisen from early 
diagnosis of IPA. Therefore, early use of chest CT to identify halo 
signs in immunocompromised children who are expected to 
have prolonged neutropenia can be helpful for early diagnosis 
of IPA and improving prognosis of children with IPA. In addition, 
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the prognosis of IPA in immunocompromised children is ex-
pected to be improved with the introduction of liposomal am-
photericin B and caspofungin as first line antifungal agents in 
the future in Korea. 
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