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Background
Invasive fungal infections (IFIs) are a life-threatening problem in immunocompromised
patients. Despite timely diagnosis and appropriate antifungal therapy, clinical outcomes
of IFIs remain unsatisfactory, necessitating treatment with a combination of antifungal
agents. Therefore, childhood leukemic patients treated with voriconazole plus caspofungin were evaluated for the safety and efficacy of the combination antifungal therapy
to treat IFIs.
Methods
In this retrospective study, medical records were retrieved for patients admitted to the
Pediatric Department of Yeungnam University Hospital, Daegu, South Korea, between
April 2009 and May 2013. Medical records of 22 patients were analyzed.
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Results
Of the 22 patients studied, nine (41%) had been diagnosed with probable IFI, and 13 (59%)
with possible IFI. All patients, except one, were already receiving antifungal monotherapy
for the treatment of neutropenic fever. After a diagnosis of IFI was confirmed, antifungal
monotherapy was replaced with combination therapy. The study’s overall response rate
was 90.9%, with complete responses in 86.3% of the patients. Two patients experienced
a side effect of a small increase in liver enzyme levels.
Conclusion
Voriconazole plus caspofungin combination therapy is an effective and safe treatment
for serious IFI in pediatric patients with acute leukemia.
Key Words Antifungal agent, Aspergillosis, Caspofungin, Echinocandins, Invasive
fungal infections, Voriconazole

INTRODUCTION
Treatment outcomes for childhood leukemia have improved over time. With recent advances in chemotherapy
and supportive care, the overall survival rates of children
with newly diagnosed acute lymphoblastic leukemia (ALL)
and of those with myeloid neoplasms are now as high as
80% and 50%, respectively [1, 2]. The development of supportive therapy has played an important role in the improvement of treatment outcomes.
Invasive fungal infections (IFIs) are significant causes of
morbidity and mortality in pediatric cancer patients. Develo-

pment of new antifungal drugs has remarkably improved
the success rate of treatments; however, the mortality rate
of IFI patients remains high. In addition, the efficacy of
current antifungal drugs is suboptimal [3]. The development
of a new antifungal drug requires considerable time; however, antifungal combination therapy (ACT) can be used
as a complementary therapy to current IFI treatment. In
vitro studies on ACT have shown that it is more effective
than monotherapy; yet, ACT has been shown to have limitations when used in a practical clinical setting. In the study
by Nivoix et al. [4], six refractory cases of invasive aspergillosis were treated with combination therapy, which likely
caused one patient to develop hepatotoxicity.
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Echinocandin antifungal agents, such as caspofungin
(CAS), damage fungal cell walls by inhibiting beta-1,3-D-glucan synthase, and azole antifungal agents, such as voriconazole (VRC), are known to inhibit the synthesis of cell
membranes. Studies have suggested that a combination of
drugs from each of these classes would produce a synergistic
effect because of their varied targets [5-7]. In addition, there
have been case reports and a recently published prospective
study from the Sorveglianza Epidemiologica Infezioni
Fungine Emopatie Maligne (SEIFEM) group that evaluated
the use of ACT to treat IFI in adults [8]. Further, the use
of ACT based on CAS for pediatric hematology patients has
been reported [4, 5, 9]. However, there have been no studies
conducted in children with a single ACT (CAS+VRC).
Candida and Aspergillus species account for most IFIs
[10]. The incidence of invasive aspergillosis (IA) is relatively
low, but the infection can cause fatal complications in pediatric patients who are immunocompromised. The most common risk groups are pediatric patients suffering from hematological malignancies, those undergoing hematopoietic cell
or solid organ transplants, and those receiving immunosuppressive therapies [11]. Therefore, in this retrospective study, we reviewed and analyzed the medical records
of childhood leukemia patients with IFI who were treated
with a combination of CAS and VRC to determine the safety
and efficacy of this combination.

MATERIALS AND METHODS
Patients
A total of 30 patients who had received a combination
of CAS plus VRC for IFI were identified among 79 patients
diagnosed with pediatric acute leukemia from April 2009
to May 2013 in the Pediatric Department of Yeungnam
University Hospital, Daegu, South Korea. Of the patients
who were initially identified, three were excluded from the
study because they had been subsequently diagnosed with
pneumonia not attributable to an IFI, and an additional five
were excluded because they were diagnosed with non-infectious pulmonary infiltration. Medical records of the remaining 22 patients were retrospectively reviewed, and the
following data were analyzed: demographic characteristics,
underlying disease and disease states, radiological findings,
and outcomes. None of the patients underwent stem cell
transplantation before diagnosis of IFI. The study protocol
was approved by the Institutional Review Board of
Yeungnam University Hospital (IRB File No 2016-12-024).

Case definitions of invasive fungal infection
Diagnosis of IFI was based on the criteria of the European
Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group and the National
Institute of Allergy and Infectious Disease Mycoses Study
Group (EORTC/MSG) [12]. Patients were allocated to groups
according to a diagnosis of proven, probable, or possible
IFI. Patients with a positive serum galactomannan test result
Blood Res 2017;52:167-73.

were classified as having invasive aspergillosis (IA). The day
of diagnosis was defined as the day that the clinical team
confirmed diagnosis of IFI.

Treatment and response criteria for antifungal treatment
According to the institutional guidelines, empirical antifungal treatment was initiated if fever persisted for more
than 48 hours after initiation of empiric antibacterial
treatment. ACT was initiated based on the patient’s condition
and clinician’s subjective decision. Response to antifungal
treatment was defined according to the current standard
definition, which states that both complete responses (CR)
and partial responses (PR) are considered as successful treatment, while all other responses are classified as treatment
failures [13].

Galactomannan antigen assay
An enzyme immunoassay to detect Aspergillus galactomannan antigen in serum was performed using Platelia
Aspergillus Ag (Bio-Rad Laboratories, Redmond, WA, USA).
Results were interpreted based on the index calculated from
the measured optical density, using a wavelength of 450
nm. Indices ≥0.5 were considered positive.

Statistical analysis
Comparison of overall response rate, overall survival rate
and possible risk factors were estimated using Fisher’s exact
test. Overall survival was calculated using the Kaplan–Meier
method from the date of diagnosis of IFI to the date of
death from any cause or to the date of last follow-up. For
all calculations, a P -value ＜0.05 was considered to be statistically significant. All statistical calculations were performed
using SPSS 23.0 (IBM Corporation, Armonk, NY, USA).

RESULTS
Patient characteristics
The demographic characteristics of the patients are presented in Table 1. The study group was comprised of 11
boys and 11 girls, with a mean age of 5.3 years (range,
0.8–13.3 yrs); 11 patients had ALL, and 11 had acute myeloid
leukemia (AML). None of the patients had undergone hematopoietic stem cell transplantation or immunosuppressive
treatment prior to IFI onset. IFI diagnoses were classified
as probable in nine patients (41%) and possible in 13 (59%)
patients. Table 2 presents the patients’ statuses for IFI diagnostic criteria.
All patients, with the exception of one, received empirical
antifungal monotherapy with conventional amphotericin B,
liposomal amphotericin B, or fluconazole (range of treatment
duration, 1–21 days) before starting VRC plus CAS combination therapy. The remaining patient had already started combination antifungal therapy. Of the 22 patients, 21 patients
received VRC plus CAS simultaneously, but one patient received the therapies consecutively, with 1–6 days between
treatments. This patient was treated with VRC monotherapy,
bloodresearch.or.kr
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Table 1. Demographics and characteristics of patients.
Total cases
Gender
Male
Female
Age (yrs)
Mean±SD
Median (range)
Underlying disease
ALL
AML
Treatment phase of disease
ALL
Induction
Consolidation
DI
Maintenance
AML
Induction
Consolidation
Status of underlying disease
CHR
ALL
AML
Non-CHR
ALL
AML
Type of IFI
Probable
Possible
Antifungal agent before combination therapy
None
C-AMB
L-AMB
C-AMB+L-AMB
C-AMB+L-AMB+Flu

22
11
11

Patient

Host Mycological
factor
criteria

#1
#2
#3

N,F
N,F
N,F

#4
#5
#6

N,F
N,F
N,F

#7

N,F

#8

N,F

#9
#10

N,F
N,F

GM

#11
#12
#13

N,F
N,F
N,F

GM
GM
GM

#14
#15

N,F
N,F

#16

N,F

GM

9
13

#17

N,F

GM

1
4
7
9
1

#18

N,F

#19

N,F

#20

N,F

#21

N,F

#22

N,F

6.99±4.20
5.3 (0.8–13.3)
11
11

2
2
5
2
6
5

9
7
4
2

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute
myeloid leukemia; C-AMB, conventional amphotericin B; CHR,
complete hematological remission; DI, delayed intensification;
Flu, fluconazole; IFI, invasive fungal infection; L-AMB, liposomal
amphotericin B; SD, standard deviation.

but the clinical symptoms did not improve and CAS was
added.
When IFI was detected, 16 patients (nine ALL, seven
AML) were in complete hematological remission (CHR). Of
these 16 CHR patients, two had positive minimal residual
disease, and they underwent re-induction chemotherapy at
the time of IFI diagnosis. The remaining six patients (four
ALL, two AML) had active hematological disease. Of the
22 patients, only two patients with ALL were diagnosed
with IFI during maintenance chemotherapy. Of the remaining 20 patients, 18 (90.9%) were receiving intensive chemotherapy when IFI was detected. Of the patients with AML,
six were diagnosed with IFI during induction therapy (Table
1). The median time between diagnosis of leukemia and
the day of IFI diagnosis was 136.5 days (range, 12–1431
days).
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Table 2. Signs, findings, and classification of invasive fungal
infections.

GM
GM

GM

Clinical
criteria
Nodules
Nodules
Nodules,
consolidation
Cavity
Consolidation
Nodules,
consolidation,
GGO
Nodules,
consolidation
Halo sign,
nodules
Nodules
Nodules,
consolidation
Nodules
Consolidation
Consolidation,
GGO
Nodules, GGO
Nodules,
consolidation
Nodules,
consolidation
Halo sign,
nodules,
consolidation
Cavity,
consolidation,
effusion
Consolidation,
halo sign
Consolidation,
cavity, effusion
Nodules,
consolidation,
GGO
Consolidation

Classification
Possible
Possible
Possible
Probable
Possible
Probable

Possible
Possible
Probable
Possible
Probable
Probable
Probable
Possible
Possible
Probable
Probable

Possible

Possible
Possible
Possible

Probable

Abbreviations: F, persistent fever for ＞96 h despite appropriate
broad-spectrum antibiotic therapy; GGO, ground-glass opacity;
GM, positive galactomannan antigen assay; N, neutropenia (＜500
ANC for ＞10 days).

Clinical course
After diagnosis of IFI, all 22 patients had severe neutropenia (absolute neutrophil count [ANC] ＜500 cells/μL),
the median duration of which was 24.5 days (range, 3–91
days). The mean neutropenia (＜500 cells/μL) duration of
ALL and AML were 21±21 days and 35 days, respectively
(P =0.193). The median ANC was 26 cells/μL (range, 0–201
cells/μL).
Nodules (38.1%) and consolidations (33.3%) were the most
frequent radiologic findings in patients. A serum galactomannan (GM) assay was performed on 21 patients. Of
these, nine patients had a GM index greater than 0.5, and
Blood Res 2017;52:167-73.
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Table 3. Clinical and laboratory findings of patients.
WBC (cells/μL)
Mean±SD
Median (range)
ANC (cells/μL)
Mean±SD
Median (range)
Duration of ANC ＜500 (days)
Mean±SD
ALL
AML
Median (range)
Duration of ANC <1,000 (days)
Mean±SD
ALL
AML
Median (range)
CRP
Mean±SD
Median (range)
Radiological findings, N (%)
Nodules
Consolidation
GGO
Halo sign
Cavity
Effusion
Galactomannan antigen assay
Positive
Mean±SD
Median (range)
Negative
Not done

362±363
220 (30–1,560)
44±55
26 (0–201)
37±33
21±11
35±25
29 (9–153)
37±32.4
25±11
49±42
28.5 (9–153)
13.35±11.82
7.8 (0.1–37.3)
16 (38.1)
14 (33.3)
4 (9.5)
3 (7.1)
3 (7.1)
2 (4.8)
9
1.68±2.11
0.63 (0.51–6.96)
12
1

Abbreviations: ANC, absolute neutrophil count; CRP, C-reactive
protein; GGO, ground-glass opacity; SD, standard deviation;
WBC, white blood cell count.

the maximum GM index was 6.96. At diagnosis of IFI, the
median C-reactive protein level was 7.8 mg/dL (range, 0.1–
37.3 mg/dL) (Table 3).
The median duration of VRC plus CAS combination therapy was 45 days (range, 5–99 days). The median duration
of the combination therapy in the 20 survivors was 50 days,
while the median duration of the combination therapy in
the two patients who died was 12 days (Table 3). One of
the survivors was unresponsive to ACT and received a posaconazole replacement treatment. The loading and maintenance doses of CAS were 63.1±7.7 mg/m2 and 47.2±6.0
mg/m2, respectively. The loading and maintenance doses
of VRC were 5.9±0.5 mg/kg and 3.6±0.6 mg/kg, respectively.
The first patient who died had AML and was diagnosed
with IFI during the consolidation phase, whereas the second
patient who died had ALL and was diagnosed with IFI during
the chemotherapy induction phase. None of the other patients experienced IFI relapse after remission during chemotherapy.

Blood Res 2017;52:167-73.

Fig. 1. The 100-day survival rate after initiation of combination therapy
was 90.9%.

Table 4. Response to combination treatment.
Response, N (%)
ORR
CR
PR
Death
Duration of fever (days)
Mean±SD
Median (range)
Duration of combination therapy (days)
Mean±SD
Median (range)
Survival
Death
Cause of death
IA progression
Underlying disease progression
PJP infection

20 (90.9)
19 (86.3)
1 (4.5)
2 (9)
13.45±8.35
13 (3–42)
46.3±28.8
45 (5–99)
50
12
2
2
1

Abbreviations: CR, complete response; IA, invasive aspergillosis;
ORR, overall response rate; PJP, Pneumocystis jirovecii pneumonia; PR, partial response; SD, standard deviation.

Outcomes
The 100-day survival rate after initiation of combination
therapy was 90.9% (Fig. 1). Of the 22 patients, 20 (90.9%)
responded to combination therapy (19 responded completely
and one partially). The one patient with partial response
received posaconazole replacement treatment. After 30 days
of treatment, this patient showed a complete response. The
remaining two patients died as a result of IA progression.
Therefore, the 100-day treatment failure was three cases
in total, and the 100-day IFI-free survival was 86.3%. An
additional three patients subsequently died, with one fatality
resulting from Pneumocystis jirovecii infection and two from
leukemia progression (Table 4). In univariate analysis, no
significant relationship was found between overall response
to ACT or overall survival and age, gender, underlying disbloodresearch.or.kr
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ease, disease state, treatment phase, oxygen therapy, or intravenous immunoglobulin therapy.

Toxicity and safety
VRC plus CAS combination therapy was well tolerated,
except by two patients who had elevated liver enzyme levels,
classified as grade 1 adverse event according to the Common
Terminology Criteria for Adverse Events (CTCAE v4.03).
The VRC dose was therefore reduced for one of these patients,
although the other patient continued treatment without a
reduction in antifungal drug dose. Neither patient stopped
treatment because of side effects. While receiving VRC plus
CAS combination therapy, 16 patients continued with anti-leukemic therapy. Of these 16 patients, the dose of anti-leukemic drugs was reduced for two patients.

DISCUSSION
IFI is a life-threatening infection in immunocompromised
patients. Despite timely diagnosis and antifungal therapy,
clinical outcomes of IFI are disappointing. The treatment
success rate for IFI is 60% [14], while IFI-related mortality
is 43–87.5% [15-17]. The benefits of combination ACT for
IFI are increased drug synergy and efficacy, and decreased
resistance to antifungal drugs. The effectiveness of ACT has
been proven in many recent experimental clinical studies.
Arikan et al. [18] reported synergy of CAS plus amphotericin
B (AMB), and Kirkpatrick et al. [19] reported that simultaneous VRC plus liposomal AMB was more effective than
liposomal AMB alone. Cesaro et al. [5] used CAS-based ACT
on 40 children and adolescents, and reported a favorable
response in 53% of the patients and a 100-day survival rate
of 70%.
Echinocandins are semisynthetic lipopeptide antifungal
compounds that inhibit synthesis of β-1,3-D-glucan, an important component of cell walls in fungi. Therefore, echinocandins have the advantage of not affecting human cells
without cell walls. In contrast, azole antifungals inhibit 14-α
demethylase, suppressing the synthesis of ergosterol, a structural component of fungal membranes; as a result, membrane
permeability increases, and fungal growth is inhibited. Thus,
a synergistic effect has been predicted for ACT with these
two antifungal agents because of their different mechanisms
of action.
This study used VRC plus CAS combination therapy. In
vitro and experimental animal model studies have reported
that CAS plus VRC is more effective than monotherapy
[6, 20]. Lellek et al. [21] used CAS plus posaconazole therapy
on adult patients and reported a favorable response in 77%
of patients. Raad et al. [22] conducted a clinical study that
used a single combination of CAS plus VRC therapy in IA.
Herbrecht et al. [23] reported 59 proven, 178 probable, and
106 possible IA patients who underwent VRC vs. AMP monotherapy, with a 12-week response rate of 54.7% vs. 29.9%,
respectively. In Candoni et al. [3], an 80% (28/35) overall
response rate in CAS plus VRC, 70% (14/20) in CAS plus
bloodresearch.or.kr
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AMP and 73% (11/15) in VRC plus CAS were obtained.
To date, there has been no clinical study on CAS plus VRC
for children with IA. Given the synergistic effect of CAS
plus VRC combination, the reduction in drug resistance and
excellent expected therapeutic effect, the combination of
both agents has been used to treat IFI in pediatric cancer
patients.
In the present study, IFI-related death mortality was 9%,
and the 100-day survival rate after initiation of combination
therapy was 90.9%. ACT did not result in IFI control in
only in 3 of the 22 patients. To the best of our knowledge,
these values are considerably better than those reported in
other studies. Data from L'Associazione Italiana ematologia
ed Oncologia Pediatrica (AIEOP) showed that the overall
mortality rate from fungal infections in children with cancer
was 28%. Moreover, in patients with deep tissue mycoses,
the mortality rate was 59% in children with probable invasive
infection and 30% in those with possible invasive infection.
ACT was used to treat 49% of the fungal infection cases
[24]. In patients treated with ACT, there was a favorable
response rate of 53% and the 100-day survival rate was
70% [5]. The same team also reported that the risk of death
was higher (3.8-fold) in patients already receiving antifungal
therapy at the time of diagnosis. In this study, all patients,
with the exception of one, received antifungal monotherapy
at the time of diagnosis. Nevertheless, this study’s survival
rates after implementing ACT were higher than those in
previous studies.
Neutropenia is a risk factor for IFI, and the longer the
duration of neutropenia, the higher the risk of IFI. The
duration of neutropenia affects the response and mortality
rate of IFI [25]. In this study, the median duration of neutropenia was 37±33 days. Raad et al. [22] reported that the
median duration of neutropenia was 15 days (1–50 days)
in primary therapy and 21 days (2–70 days) in salvage therapy.
Caillot et al. [26] reported that the median duration of neutropenia was 15 days (3–58 days) in L-AMB monotherapy
vs. 31.5 days (3–115 days) in L-AMB plus CAS ACT.
Therefore, in this study, ACT could be considered to have
better therapeutic results despite the longer duration of neutropenia, as compared with previous studies. However, the
citations mentioned above mostly refer to studies in adults.
Hence, this is a limitation as we cannot generalize our results
to children.
Recently, other studies have explored differences in the
effectiveness of treatments according to dosage and have
devised measures to minimize drug toxicity, while conducting ACT along with therapeutic drug monitoring [27, 28].
Unfortunately, a pharmacological study to determine the
optimal dosage to minimize the side effects of CAS plus
VRC ACT could not be conducted simultaneously with our
study. Regardless, we observed only minimal adverse effects
during ACT. In previous studies, hypokalemia, as well as
liver, renal, and neurologic toxicity were mentioned as side
effects of ACT. We had chosen to use VRC because of concerns about severe nephrotoxicity of amphotericin B [23,
29].
Blood Res 2017;52:167-73.
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This study has several limitations. First, this was a retrospective study with no uniform application criteria. Second,
the study only reports results from a single institute. Lastly,
there is a lack of microbiological confirmation of non-aspergillosis fungal infection. However, other studies have reported the results of treatment for small numbers of patients
using various combinations of antifungal agents. Nevertheless, this is the first study that evaluated the efficacy and
safety of ACT with CAS plus VRC. No previous study has
reported treatment results and safety of this ACT in pediatric
leukemia patients.
In conclusion, VRC plus CAS combination therapy is an
effective and safe treatment for serious invasive fungal infection in pediatric acute leukemia patients. However, prospective studies on this ACT that include more pediatric
patients with IFI are needed.
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