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In children with acute lymphoblastic leukemia (ALL), risk groups for invasive fungal disease (IFD) with need for antifungal
prophylaxis are not well characterized, and with the advent of new antifungal compounds, current data on outcome are scarce.
Prospectively captured serious adverse event reports of children enrolled in the international, multi-center clinical trial AIEOP-BFM
ALL2009 were screened for proven/probable IFD, defined according to the updated EORTC/MSG consensus definitions. In a total of
6136 children (median age 5.2 years), 224 proven/probable IFDs (65 yeast and 159 mold) were reported. By logistic regression, the
risk for proven/probable IFDs was significantly increased in children ≥12 years and those with a blast count ≥10% in the bone
marrow on day 15 (P < 0.0001 each). Proven/probable IFDs had a 6-week and 12-week mortality of 10.7% and 11.2%, respectively. In
the multivariate analysis, the hazard ratio for event-free and overall survival was significantly increased for proven/probable IFD, age
≥12 years, and insufficient response to therapy (P < 0.001, each). Our data define older children with ALL and those with insufficient
treatment-response at high risk for IFD. As we show that IFD is an independent risk factor for event-free and overall survival, these
patients may benefit from targeted antifungal prophylaxis.
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INTRODUCTION
Acute lymphoblastic leukemia (ALL) is the most common malig-
nancy in childhood and adolescence [1]. Over the last decades, the
outcome of pediatric ALL has significantly improved, and in
contemporary studies, cure rates exceed 90% [2]. This improvement
has been attained by increasing chemotherapy intensity to the limit
of tolerance, and therefore, the rates of treatment-related deaths
are currently approaching those of relapse-associated mortality.[3]
Infections are the most common complications of ALL treatment
[4, 5]. For example, in the clinical trial UKALL2003, the 5-year
cumulative incidence of infection-related mortality was 2.4%,
accounting for 30% of all deaths and more than 60% of
treatment-related deaths. Almost 70% of infection-related deaths
were caused by bacteria, and 20% by fungi [5].
Risk factors for IFD such as prolonged and profound neutropenia

or extended periods of therapy with corticosteroids have been well
established [6]. However, as children and adolescents receiving

treatment for ALL are a heterogenous group, and the risk for IFD
may also depend on additional factors such as age or treatment
intensity, it remains unclear which patient subsets could benefit
from antifungal prophylaxis. In addition, with the introduction of
new diagnostic tools and new classes of antifungal compounds, the
outcome of IFD has significantly improved over time [7, 8]. The aim
of this analysis was a better characterization of specific risk groups
for IFD, and an estimation of outcome in a contemporary setting.

PATIENTS AND METHODS
Study population
A total of 6136 children enrolled as study patients in the international, multi-
center prospective randomized Phase III clinical trial AIEOP-BFM ALL2009
(EudraCT 2007-004270-43) were included in the analysis. Patients were
eligible if they were older than 1 year, younger than 18 years, and were not
Ph-positive (BCR/ABL or t(9;22)). The study started June 1, 2010 and ended
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February 28, 2017 (manuscript submitted). Themedian time of follow-up was
6 years (1. and 3. quartile, 4.7 and 7.6). Whereas diagnostic procedures (e.g.,
evaluation of treatment response) and treatment for ALL was prescribed and
monitored, supportive care including diagnostics of suspected IFD and
antifungal prophylaxis and treatment was at the discretion of the responsible
physician. The study was approved by the appropriate national and local
review boards, and was conducted in accordance with the Declaration of
Helsinki and national laws. Informed consent was obtained from the parents
or guardians of each patient included in the study as required by ethical
standards and national guidelines.

Invasive fungal disease (IFD)
Serious adverse events (SAEs) were prospectively captured and reported
by the participating institutions. According to study guidelines, IFDs were
considered as SAEs, thus, reporting was mandatory. All SAE reports were
reviewed and classified by the safety desk of the clinical trial office in
Germany (AM/JA), and all SAEs suggestive for IFD were independently
reviewed by two experts (TL/AHG). Children were categorized with proven,
probable, possible or no IFD according to the revised and updated
consensus definitions elaborated by the European Organisation for
Research and Treatment of Cancer/Mycoses Study Group (EORTC/MSG)
[9]. Hospitals were contacted if relevant data were missing. Conflicting
results were harmonized by agreement. All data on patients´ characteristics
and diagnosis and treatment of ALL and IFD were retrieved from the
AIEOP-BFM database. In case a patient experienced multiple IFDs, only the
first episode of an IFD was included in the analysis.

Statistical analysis
Event-free survival (EFS) was calculated from diagnosis to first event,
defined as death during induction therapy, resistance, relapse, death in
complete remission, or development of a second malignant neoplasm.
Overall survival rates were calculated according to Kaplan–Meier and
compared by log-rank test [10, 11]. Cumulative incidence of relapse and
treatment-related mortality functions were constructed by the method of
Kalbfleisch and Prentice and compared with Gray test [12, 13]. Proportional
differences between patient groups were analyzed by chi-squared or
Fisher’s exact tests, distributions of continuous variables where compared
using Wilcoxon two-sample tests. Variables for the uni- and multivariate
were chosen based on previous reports [6, 14]. A two tailed P-value ≤ 0.05
was considered to be statistically significant. All statistical analyses were
performed using the statistical package SAS 9.4 (SAS Institute Inc., SAS
Campus Drive, Cary, NC 27513-2414, USA).

RESULTS
Incidence and risk factors for IFD
In 6136 children treated as study patients in the clinical trial
AIEOP-BFM ALL2009, a total of 419 SAEs reported on a suspected

IFD. Out of these, 381 were identified as the first episode of a
possible (n= 148), probable (101) or proven (132) IFD (Fig. 1). The
233 episodes of proven/probable IFD consisted of 65 yeast
infections (two patients with more than one yeast isolated), 159
mold infections (nine patients with more than one mold isolated),
three infections with both yeast and mold isolated, one infection
with an uncharacterized fungus and 5 instances of Pneumocystis
jirovecii pneumonia (PcP) (Fig. 1). The incidence of proven/
probable IFD in the study population was 3.8% and that of
proven/probable/possible IFD was 6.2%. For further analysis, the
nine infections with concurrent yeast and mold infection,
uncharacterized fungal infection and PcP, respectively, were
excluded, resulting in a total of 6127 patients with 148 possible
and 224 proven/probable IFDs (Fig. 1 and Table 1).
The 2591 girls (42.3%) and 3536 boys (57.7%) with a median age

(range) of 5.2 years (1-18) were treated in Germany (n= 2405),
Austria (370), Switzerland (243), Italy (2098), Israel (277), the Czech
Republic (407), and Australia (327). Significant differences in the
incidence of proven/probable IFD were seen between the
countries where the patients were treated (range 1.9% to 7.9%;
P < 0.0001) (Supplementary Table 1). Gender did not have a
significant impact on the risk of proven/probable and possible IFD
(P= 0.25 and P= 0.66, respectively). In the univariate analysis, the
risk of proven/probable and possible IFDs significantly differed
between the age groups (P < 0.0001, each). The highest incidence
rates were seen in patients between 15 and 18 years of age (10.1%
for proven/probable and 6.0% for possible IFD), whereas the
incidence rates were below 4% in patients younger than 12 years
(Table). Yeast and mold infections were equally distributed in
patients up to the age of 6 years [43 (44.8%) versus 53 (55.2%)],
whereas in older patients, mold infections occurred significantly
more often than yeast infection: 32 (74.4%) versus 11 (25.6%) in
patients between 6 and 12 years of age, and 74 (87.1%) versus 11
(12.9%) in those between 12 and 18 years (P < 0.0001). Patients
with Down syndrome (n= 141) had a similar risk for proven/
probable and possible IFD compared to children without Down
syndrome (4.3% and 2.8% versus 3.6% and 2.4%; P= 0.83 and
P= 0.85, respectively). In a sub-analysis of 368 patients with data
available, the neutrophil count on the day of diagnosis of ALL
significantly correlated with the risk for IFD: median number
(1. and 3. quartile) of neutrophils per µl in children without IFD,
possible IFD and proven/probable IFD 1037 (233; 4026), 6599
(1483; 16,510) and 2163 (1697; 14,660); P= 0.027. No significant
correlation between neutrophil count and risk of IFD was seen on
day 8 after diagnosis of ALL (P= 0.63). The neutrophil count at the
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Fig. 1 Consort diagram of patients (pts) treated according to the clinical trial AIEOP-BFM 2017 and analyzed for possible, probable and
proven invasive fungal disease (IFD). *Yeast infection includes two patients with more than one yeast isolates. **Mold infection includes nine
patients with more than one mold isolated. SAE severe adverse event, PcP Pneumocystis jirovecii pneumonia.
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time of diagnosis also correlated with the initial white blood count
(r= 0.77; P < 0.0001), and children with a white blood count
>100,000/mm3 at presentation had a significantly higher risk for
proven/probable/possible IFD (8.5% versus 5.8%, P= 0.018)
Univariate analysis of potential risk factors further revealed

that insufficient treatment response in the early phase of
therapy had a significant impact on the risk for IFD (Supple-
mental Table 1). Patients with more than 10% leukemic blasts in
the bone marrow on day 15 assessed by flow-cytometry had a
risk for proven/probable and possible IFD of 8.3% and 5.6%,
respectively, compared to a risk for IFD of below 3% when the
percentage of leukemic blasts in the bone marrow on day 15
was below 10% (P < 0.0001). Similarly, in the univariate analysis,
the risk for IFD significantly depended on treatment intensity
(P < 0.0001). Proven/probable and possible IFD occurred in 6.9%
and 4.6% of the high-risk (HR) patients treated more intensively
than standard-and intermedium risk (SR/MR) patients who
developed proven/probable and possible IFD in less than 3.0%.
For all risk groups, the highest risk for IFD was seen in induction
and consolidation phase of Protocol I (Fig. 2). Specifically, for the
4718 SR/MR and the 1402 HR patients, a total of 144 and 85
proven/probable/possible IFDs occurred during induction ther-
apy, which represents 65.9% and 55.5% of all proven/probable/

possible IFDs diagnosed in SR/MR and HR patients, respectively.
Mold infections were seen more often than yeast infections,
irrespective of the therapy (Fig. 2).
Logistic regression revealed that the risk for proven/probable

IFD was significantly increased in children ≥12 years of age [OR 1.4
(95% CI 1.3; 1.6)] and those with more than 10% blasts in the bone
marrow on day 15 assessed by flow-cytometry [OR 2.3 (95% CI 1.7;
3.2)] (P < 0.0001 each) (Supplemental Table 2).

Impact of IFD on duration of intensive chemotherapy
Compared to patients without IFD, patients with proven/probable
and patients with possible IFD had a significantly longer duration
of intensive chemotherapy (measured from start of intensive
chemotherapy until start of maintenance therapy). The median
duration (years; 1. and 3. quartile) of intensive chemotherapy was
0.69 (0.65; 0.73), 0.69 (0.65; 0.74) and 1.17 (1.09; 1.26) in SR, MR,
and HR patients without IFD, 0.74 (0.69; 0.77), 0.72 (0.68; 0.82), and
1.26 (1.15; 1.35) in SR, MR and HR patients with possible IFD versus
0.77 (0.72; 0.86), 0.76 (0.71; 0.88) and 1.21 (1.14; 1.37) in SR, MR and
HR patients with proven/probable IFD, respectively. The differ-
ences between patients with and without IFD were significant for
each of the risk groups (SR and MR P < 0.0001 each, HR
P= 0.0004).

Table 1. Patient´s characteristics.

Invasive fungal disease

All No Possible Proven/probable

N N % N % N %

Total 6127 5755 93.9 148 2.4 224 3.7

Male 3536 3332 94.2 83 2.4 121 3.4

Female 2591 2423 93.5 65 2.5 103 4.0

Age

0–<2 years 421 405 96.2 1 0.2 15 3.6

2–<6 years 3039 2904 95.6 54 1.8 81 2.7

6–<12 years 1579 1495 94.7 41 2.6 43 2.7

12–<15 years 587 525 89.4 25 4.3 37 6.3

15–<18 years 501 426 85.0 27 5.4 48 9.6

Immunophenotype

Precursor B ALL 5233 4956 94.7 108 2.1 169 3.2

T-ALL 871 778 89.3 39 4.5 54 6.2

Other 16 14 87.5 1 6.3 1 6.3

Down syndrome 151 141 93.4 4 2.6 6 4.0

Blast count in bone marrow on day 15

<0.1% 2086 1979 94.9 47 2.3 60 2.9

<10% 3028 2880 95.1 59 1.9 89 2.9

≥10% 760 659 86.7 40 5.3 61 8.0

Not evaluable 253 237 93.7 2 0.8 14 5.5

PCR MRD (final)

Standard 1976 1879 95.1 37 1.9 60 3.0

Intermedium 3059 2893 94.6 76 2.5 90 2.9

medium-SER 383 352 91.9 12 3.1 19 5.0

High 242 215 88.8 8 3.3 19 7.9

Not evaluable 467 416 89.1 15 3.2 36 7.7

Risk group (final)

Standard risk (SR) 2043 1952 95.5 39 1.9 52 2.5

Intermedium risk (MR) 2681 2553 95.2 49 1.8 79 2.9

High risk (HR) 1403 1250 89.1 60 4.3 93 6.6
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Outcome
A total of 24 and 25 patients suffering from proven/probable IFD
did not survive the infection after 6 and 12 weeks, accounting for
a 6-week and 12-week mortality rate of 10.7% and 11.2%,
respectively (Fig. 3). After 6 weeks, 4 with children with yeast
infection and 20 children with proven/probable mold infection did
not survive the infection (after 12 weeks, 4 and 21 patients,
respectively). Overall mortality 1 year after IFD diagnosis was
12.1% (27 out of 224 patients), and was 6.1% for patients with
yeast infection (4 out of 65 patients) and 14.5% (23 out of 159) for
patients with mold infection (difference not significant; P= 0.08).
Mortality following IFD of all study patients was 0.44%.
In the multivariate analysis, the hazard ratio [95% confidence

interval (CI)] for 5-year EFS was significant for proven/probable IFD
(1.86, 1.42-2.45), age ≥12 years (1.14, 1.07–1.21), insufficient
response to therapy [blast count on day 15 measured by flow-
cytometry ≥10% (1.52, 1.26–1.82) or minimal residual disease
measured by PCR on day 33 (2.08, 1.76–2.45); P < 0.001 each]
(Supplemental Table 3). Similarly, the hazard ratio (95% CI) for
5-year OS was significant for proven/probable IFD (2.51,

Fig. 2 Invasive fungal disease (IFD) in the different treatment phases (protocol I, II, III and HR cycles, respectively) in standard (SR) and
intermedium risk (MR) patients (above) and high risk (HR) patients (below). Shown are the absolute number of possible (blue), probable
and proven yeast (orange) and probable/proven mold (grey) infections (Y axis). The percentages refer to the total number of IFDs in the
respective risk groups (SR/MR and HR).
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1.79–3.51), age ≥12 years (1.32, 1.21–2.15), insufficient response to
therapy [blast count on day 15 (1.74, 1.35–2.24) and minimal
residual disease on day 33 (2.61, 2.04–3.34); P < 0.001 each]. The
hazard ratio for both 5-year EFS and 5-year OS was significantly
lower for patients with ETV6/RUNX1 0.62, 0.50–0.77; P < 0.001 and
0.52, 0.35–0.78; P= 0.002, respectively.

DISCUSSION
In the prospective, randomized multi-international clinical trial
AIEOP-BFM ALL2009 enrolling 6136 children with ALL, the
reported overall incidence of proven/probable IFD and proven/
probable/possible IFD was 3.8% and 6.2%, respectively, but was
significantly higher in various subgroups, e.g., in older children
and adolescents or in patients with insufficient early treatment
response. The reported incidence rates of IFD in children with ALL
vary widely across previous studies with rates reaching from 3.8%
to up to 24% [15–17]. These differences can be explained, at least
in part, by the fact that the studies, all of which included
considerably fewer patients than the present clinical trial, varied
by the use of diagnostic tools and definition of IFD [15, 18–20]. In
addition, local epidemiology has an important impact on both the
risk for IFD and the predominant pathogen isolated, as also
supported by the data of our multi-international trial
[8, 15, 17, 18, 20, 21]. Our analysis demonstrated by both
univariate and multivariate analysis that older age is associated
with a higher risk for IFD. Whereas previous data on the
correlation of age and risk for IFD were conflicting in children
with ALL and IFD [15, 18], this correlation has been found in
children with AML or in those after allogeneic hematopoietic stem
cell transplantation [6]. In line with our results, other reports
demonstrated that children receiving higher intensity of treat-
ment, such as HR patients, are at a higher risk for IFD [8, 15].
However, it is important to note that in the clinical trial AIEOP-BFM
ALL2009, HR patients received the same treatment as SR and MR
patients during induction therapy, the time period in which the
majority of IFDs occurred. We further observed that insufficient
treatment response during induction therapy is an important
criterion for risk stratification for IFD, which we describe here for
the first time as an independent risk factor.
Unexpectedly, we found in a subgroup of patients a significant

correlation between the number of neutrophils at the time of
diagnosis of ALL and the risk for IFD. This is in contrast to children
with acute myeloid leukemia (AML), in which neutropenia at the
start of chemotherapy was independently associated with IFD [22].
Our surprising result might be explained by the facts that the
neutrophil count at the time of diagnosis correlated with the initial
white blood count, and that patients with a white blood count
>100,000/mm3 at presentation, which has been described as an
unfavorable prognostic variable, had a significantly higher risk for
proven/probable/possible IFD [23, 24]. Notably, the oxidative burst
activity is significantly reduced in children with ALL at the time of
diagnosis and normalizes after consolidation therapy, which
indicates that ALL blasts hamper the antifungal host immune
response [25]. In addition, the release of neutrophil extracellular
traps (NETs), which play an important role in the defense against
various fungi such as Aspergillus or Candida, is significantly impaired
in children with ALL at the time of diagnosis, and full restoration of
neutrophil function is achieved only after successful completion of
leukemia treatment [26, 27]. We did not analyze whether the time of
profound neutropenia correlated with the risk of IFD, as we have not
captured a close monitoring of neutrophil counts and as this risk
factor has well been described by a number of pediatric and adult
studies [6, 28]. In addition, it is important to note that in the AIEOP-
BFM ALL2009 trial, corticosteroids have been administered for the
first 6 weeks to all patients, which have a pleiotropic paralyzing
effect on neutrophils and macrophages [29].

In an early report on invasive aspergillosis in 66 children with
cancer published in the 1990ies, mortality after 1 month was 48%,
and was 75% after 2 months [7]. Fortunately, with the availability of
new amphotericin B formulations and new antifungal compounds of
different classes, such as broad-spectrum triazoles including
voriconazole and posaconazole or echinocandins including mica-
fungin and caspofungin, mortality rates appear to have significantly
decreased. The 6- and 12-week mortality rates of 10.7% and 11.2% in
our study were comparable with other recent results [8], but notably,
mortality rates of studies still vary widely and range from 0% to up to
44% [19, 20]. Corroborating other analyses [15, 18], our results
demonstrate that IFD delays chemotherapy. As a result, treatment
intensity over time was significantly reduced by IFD, which was seen
across all ALL risk groups. This observation might explain, at least in
part, that proven/probable IFD is an independent and significant
factor with impact not only on overall survival, but also on EFS, which
has not been reported before. As IFD impairs the timely adminis-
tration of chemotherapy, the differentiation between crude and
therapy-associated mortality is even more challenging [30]. However,
it is important to note that small studies suggest that new agents
such as blinatumomab may be used as bridging therapy in pediatric
ALL patients suffering from IFD [31, 32].
The strength of our study is the fact that the analysis is based on the

data of a contemporary multi-centered international randomized
controlled clinical trial. We included the largest dataset on IFD in
pediatric ALL to date, and the data quality is extremely high due to the
fact that SAEs were prospectively collected and monitored in a
systematic way. In addition, all potentially relevant SAEs were
independently evaluated by two experts, based on the revised and
updated definitions of IFD from the EORTC/MSG consensus group,
which added the widely used Aspergillus PCR as mycological criterion
for probable invasive aspergillosis [9]. However, we recognize that our
analysis also has limitations. Most importantly, we do not have data on
the use of antifungal prophylaxis, which may have impacted on the
incidence for IFD. On the other hand, in contrast to AML [33, 34], data
on a significant effect of antifungal prophylaxis in patients with ALL is
lacking for both children and adults [17, 35], and widely used
prophylactic options such as the intermittent administration of
liposomal amphotericin B or micafungin have not demonstrated
significant antifungal efficacy in any randomized trial [36, 37]. Another
limitation of our study is the fact that the use of important diagnostic
tools such as pulmonary CT scan or galactomannan testing was at the
discretion of the institution where the patient was treated, which is an
inherent problem of all analyses of uncontrolled data.

CONCLUSION
In conclusion, our data show that the overall incidence rate of IFD
in pediatric ALL is relatively low, but independent risk factors such
as older age and treatment-response can define high risk groups
for IFD. Based on this characterization of risk groups, randomized
trials on antifungal prophylaxis can be designed, which may
ultimately improve the overall outcome of ALL, as our data
demonstrate that proven/probable IFD is an independent risk
factor for both event-free and overall survival of children with ALL.

DATA AVAILABILITY
Under the permission that national data protection requirements are fully met, access
to individual data may be made available upon reasonable request to the authors.
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