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Objectives: Invasive Aspergillus infections during the early phase of childhood acute lymphoblastic
leukemia (ALL) treatment come with morbidity and mortality. The interaction with vincristine hampers
first-line azole prophylaxis. We describe the efficacy of an alternative twice-a-week micafungin regimen
for Aspergillus prophylaxis.

Methods: Newly diagnosed paediatric patients with ALL treated according to the ALL-11 protocol received
micafungin twice-a-week (9 mg/kg/dose [max. 300 mg]) during the induction course (first 35 days of

Editor: D. Cluck

I;zx?:g;’n treatment) as part of routine care. A historical control cohort without Aspergillus prophylaxis was used.
Paediatrics During the first consolidation course (day 36-79), standard itraconazole prophylaxis was used in both
Antifungal groups.

Echinocandin The percentage of proven/probable Aspergillus infections during the induction/first consolidation
Moulds course was compared between the cohorts. The cumulative incidence of proven/probable Aspergillus in-

fections was estimated using a competing risk model. For safety evaluation, liver laboratory chemistry
values were analysed.
Results: A total of 169 and 643 paediatric patients with ALL were treated in the micafungin cohort (me-
dian age: 4 years [range 1-17]) and historical cohort (median age: 5 years [range 1-17]). The percentage
of proven/probable Aspergillus infections was 1-2% (2/169) in the micafungin cohort versus 5-8% (37/643)
in the historical cohort (p=0.013; Fisher’s exact test). The differences in estimated cumulative incidence
were assessed (p=0-014; Gray's test). Although significantly higher ALT/AST values were reported in the
micafungin cohort, no clinically relevant side effects were observed.
Conclusions: Twice-a-week micafungin prophylaxis during the induction course significantly reduced the
occurrence of proven/probable Aspergillus infections in the early phase of childhood ALL treatment.

© 2023 Published by Elsevier Ltd.

1. Introduction

The 5-year overall survival of childhood acute lymphoblastic
leukemia (ALL) has increased to ~90% [1]. To further improve
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overall survival, reducing treatment-related mortality (TRM) re-
mains an important focus of interest. One of the leading causes
of TRM in paediatric patients with haematological malignancies
is invasive fungal disease (IFD) [2], most importantly Aspergillus
infections. Two recent guidelines for paediatric haematology pa-
tients recommend considering antifungal prophylaxis during at-
risk treatment courses of ALL treatment [3,4]. The majority of IFD
occur during the induction and first consolidation course, when
paediatric patients with ALL are severely immunocompromised
[5]. Aspergillus spp. are most frequently responsible for fungal in-
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Figure 1. An overview of the induction and first consolidation course of ALL treatment with a different antifungal prophylaxis strategy in the micafungin and historical

cohort.

Abbreviations: PRED=prednisolone; VCR=vincristine; DNR=daunorubicine; PEG-ASP=PEG-asparaginase; CPM=cyclophosphamide; ARA-C= Cytosine Arabinoside; 6-MP=6-
mercaptopurine; MTX= methotrexate; DAF= Diadreson F aquosum; IVIG= intravenous immunoglobulines. #Not in children with Down Syndrome. *Only in children with
central nervous system involvement or traumatic puncture with leukemic cells at diagnosis.

fections in this phase, with an incidence of ~6% [data on file,
Dutch Childhood Oncology Group (DCOG)] for invasive Aspergillus
infections. This high incidence has prompted the use of As-
pergillus prophylaxis during the early treatment phase of childhood
ALL.

Finding a suitable antifungal agent for Aspergillus prophylaxis
remains challenging during the induction course (first 35 days of
treatment) of ALL treatment. The required antifungal agent needs
to be compatible with the chemotherapeutic agents given, and
must fit a patient-friendly dosing schedule during this mostly
outpatient treatment phase. Triazoles are the preferred agents
for primary prophylaxis in patients with a high risk to develop
IFD [4]. Considering the clinically relevant drug-drug interaction
of triazoles with vincristine [6], these agents do not meet the
specific profile for a prophylactic agent outlined above. In the
past years, echinocandin prophylaxis in a daily regimen has been
demonstrated to be of value in paediatric patients with acute
myeloid leukemia (AML) in a large controlled trial but with vary-
ing outcomes in other smaller studies for Aspergillus prophy-
laxis in paediatric haematology populations [7]. The proven effi-
cacy of echinocandins for prophylaxis of invasive Aspergillus infec-
tions in patients with AML [7], offers an alternative perspective
for Aspergillus prophylaxis in the early setting of ALL treatment.
Echinocandins are generally well tolerated due to their fungi-
specific target and no clinically relevant drug-drug interactions are
expected [8]. The difficulty is their invasive daily intravenous dos-
ing regimen.

An intermittent twice-a-week echinocandin dosing regimen
may be a more patient-friendly approach for this outpatient
treatment phase. The pharmacokinetic background of such in-
termittent regimens has been reported in adult patients for
both anidulafungin and micafungin [9,10]. We recently showed
that a twice-a-week micafungin regimen in paediatric patients
was pharmacokinetically equivalent to a daily micafungin regi-
men in adult patients [11]. This paper describes the efficacy of
this twice-a-week micafungin regimen for prophylaxis of inva-
sive Aspergillus infections in the early phase of childhood ALL
treatment.

2. Methods
2.1. Study design and patients

The set-up of this investigation was a prospective, observational
treatment protocol with a historical control group.

All newly diagnosed paediatric patients with ALL between 2018
and 2020 in the Princess Maxima Center for Pediatric Oncology,
Utrecht, The Netherlands, aged between >1 and <18 years and
treated according to the DCOG ALL-11 protocol were included in
the prospective cohort. They received micafungin in a twice-a-
week regimen during the induction course (first 35 days of treat-
ment) as part of standard care.

The historical control cohort consisted of newly diagnosed pae-
diatric patients with ALL between 2012 and 2018, aged between
>1 and <18 years and treated according to the same DCOG ALL-11
protocol. These patients did not receive antifungal prophylaxis dur-
ing the induction course, as this was not part of standard practice
during this time period.

Both the micafungin and the historical cohort received standard
itraconazole prophylaxis during the first consolidation course (days
36-79 of treatment). An overview of the induction and first con-
solidation course (first 79 days of treatment) of the DCOG ALL-11
protocol and prophylactic antifungal strategy is given in Figure 1.

2.2. Ethics

All patients provided written informed consent for the DCOG
ALL-11 protocol. The study protocol was approved by the Medical
Ethics Committee Erasmus MC of Rotterdam (MEC-2018-1684).

2.3. Procedures

As of 2018, paediatric patients with ALL received off-label mi-
cafungin in a twice-a-week regimen during the induction course
as mould-active prophylaxis. Micafungin was given twice-a-week
in a dose of 9 mg/kg/administration (max. 300 mg) over a central
venous line, with an infusion time of 2 hours per dose. The dose
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was chosen based on a bio-equivalence approach, where the cu-
mulative licensed weekly dose of 2-4 mg/kg/day was given in two
administrations. Details on this dosing strategy have recently been
published [11].

During the first consolidation course both the micafungin and
historical cohort received itraconazole prophylaxis according to the
standard DCOG ALL-11 protocol. In case of intolerance for itracona-
zole, switching Aspergillus prophylaxis was decided by the treating
physician.

The toxicity adverse events (AEs) were documented and eval-
uated by data managers of the DCOG according to the standard
ALL-11 protocol procedures. During the induction course laboratory
values of blood bilirubin, alanine transaminase (ALT) and aspartate
transaminase (AST) were routinely monitored before every PEG-
asparaginase infusion every two weeks. The highest measured lab-
oratory value during the induction course was used for categoriz-
ing toxicity AEs according to the Common Terminology Criteria for
Adverse Events (CTCAE) grading scale (Version 4.03 [12]). The cat-
egorization of the toxicity AEs was as follows: for blood bilirubin;
no or low grade, >3.0 - 10.0 times upper limit of normal (ULN),
>10.0 times ULN or unknown, and for both AST and ALT; no or
low grade, >5.0 - 20.0 times ULN, >20.0 times ULN or unknown. In
addition, the electronic health care system was checked for spon-
taneous reported micafungin infusion-related AEs documented by
nurses.

2.4. Definitions

Proven and probable Aspergillus infections were defined accord-
ing to the European Organization for Research and Treatment in
Cancer/Mycoses Study Group 2008 (EORTC/MSG) criteria [13]. Cat-
egorizing fungal infections according to the EORTC/MSG criteria
was performed independently by two researchers of our group (DB
and TW).

2.5. Outcomes

The primary outcome of interest was the percentage of proven
and probable invasive Aspergillus infections during the induction
and first consolidation course (i.e. the first 79 days of treatment)
of the DCOG ALL-11 protocol in the micafungin and the historical
control cohort.

The secondary outcomes included I) the cumulative incidence
of proven and probable invasive Aspergillus infections during the
induction and first consolidation course, and II) toxicity AEs of the
twice-a-week micafungin regimen during the induction course.

2.6. Statistical analyses

For the sample size computations information about the per-
centage of invasive Aspergillus infections in the historical and mi-
cafungin cohorts was used. The percentage during the induction
and first consolidation course was equal to 6% in the historical co-
hort and was assumed to be 1% in the micafungin cohort. A group
sample size of 178 micafungin-treated patients and 600 patients
in the historical cohort achieved 80% power to detect a difference
between the two groups of 5%. The test statistics used is the two-
sided Z-test with continuity correction and pooled variance. The
significance level was 5%.

The efficacy of micafungin was evaluated on an intention-to-
treat basis. The difference between the percentage of proven and
probable invasive Aspergillus infections during the induction and
first consolidation course in the micafungin and historical cohort
was assessed by using the same test as discussed in the sample
size computations.
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A competing risk model [14] from start of treatment was used
to estimate the cumulative incidence (i.e. the cumulative failure
rates over time due to a particular cause) of proven or probable
invasive Aspergillus infection during the induction and first consol-
idation course. Patients alive without having experienced any event
at the end of the study period were censored.

Four competing events were included in the model: I) proven or
probable Aspergillus infection during the induction and first consol-
idation course, II) use of any mould-active agent for treatment of
an IFD other than a proven or probable Aspergillus infection during
the induction course, III) major violation of the DCOG ALL-11 pro-
tocol during both the induction and first consolidation course, and
IV) all-cause mortality during both the induction and first consol-
idation course. The Gray's test was used to assess the difference
between the cumulative incidence of proven and probable invasive
Aspergillus infections in the two cohorts [14].

Fisher’s exact test was used to assess the difference between
different degrees of toxicity in the two cohorts.

Statistical analyses were mainly performed in R software envi-
ronment with the library mstate and cmprsk [15-17], the toxicity
analysis was performed using SPSS software (version 26.0.0.1.).

3. Results
3.1. Patient characteristics

A total of 169 and 643 paediatric patients were included in the
micafungin and historical cohort, respectively. The patient charac-
teristics of both cohorts are depicted in Table 1. The cohorts were
comparable concerning age, gender, immunophenotype of ALL, ge-
netic variation of ALL, ALL treatment response and duration of the
induction course. During the induction course, the mean number
of micafungin doses applied was 9 (range 5-14).

3.2. Outcomes

In the micafungin cohort 2/169 (1.2%) patients were diagnosed
with a probable Aspergillus infection compared to 37/643 (5-8%)

Table 1
Patient characteristics.

Historical cohort ~ Micafungin cohort

Total number of patients N 643 169
Age; median (range) in years 5.0 (1-17) 4.0 (1-17)
Gender N(%)

Female 260 (40-4%) 73 (43-2%)
Male 383 (59-6%) 96 (56-8%)
Immunophenotype N(%)

Pro-B ALL 12 (1.9%) 3(1-8%)
c-ALL 373 (58-0%) 102 (60-4%)
Pre-B ALL 166 (25-8%) 43 (25-4%)
T-ALL 92 (14-3%) 21 (12-4%)
Genetic variation N(%)

t(11;v) or MLL-rearrangement 12 (1.9%) 5 (3-0%)
t(4;11) or MLL-AF4 6 (0-9%) 2 (1-2%)
t(12;21) or TEL-AML1 142 (221%) 41 (24-3%)
t(1;19) or E2A-PBX1 16 (2-5%) 7 (41%)
del(IKZF1) 74 (11.5%) 19 (11-2%)
Down'’s syndrome 17 (2-6%) 5 (3-0%)

Treatment response

Good prednisolone response (day
8)

Complete remission (day 33)
Duration treatment course
Induction course; mean duration
(range) in weeks

581 (90-4%) 150 (88-8%)

614 (95.5%) 158 (93-5%)

5.0 (2-33) 5.0 (4-11)

Abbreviations: ALL = acute lymphoblastic leukaemia; pro-B ALL = precursor
B acute lymphoblastic leukaemia with no expression of CD10; c-ALL = com-
mon acute lymphoblastic leukaemia; Pre-B ALL = precursor B-lineage acute lym-
phoblastic leukaemia; T-ALL= T-lineage acute lymphoblastic leukaemia:
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Figure 2. Cumulative incidence of invasive Aspergillus infections. The cumulative in-
cidence function of invasive Aspergillus infections in the micafungin and historical
cohort during the induction and first consolidation course of ALL treatment.

patients with proven and probable Aspergillus infections in the his-
torical cohort (p=0.013; test for two proportions with continuity
correction). With the number of patients present in our study, we
were able to detect a 5% difference with a power equal to 78.34%.
The two probable Aspergillus infections in the micafungin cohort
occurred during the consolidation course. In the historical cohort,
13 proven and 24 probable Aspergillus infections were identified, of
which 19 occurred during the induction course and 18 during the
consolidation course.

The cumulative incidence of proven and probable invasive As-
pergillus infections during the induction and first consolidation
course is depicted in Figure 2; (p=0-014 based on the Gray’s
test).

An overview of the toxicity AEs, including blood bilirubin, ALT
and AST during the induction course for both cohorts is given in
Table S1 (Supplementary file). Both ALT and AST values were sig-
nificantly increased in the micafungin cohort compared to the his-
torical cohort during the induction course, but bilirubin levels were
not significantly different. In 9/169 (5.3%) patients micafungin pro-
phylaxis was temporarily stopped (n=4; all of whom reinitiated
micafungin prophylaxis successfully) or early terminated (n=>5) due
to elevated liver values. In one of these patients chemotherapy was
delayed for four days due to elevated liver values including AST,
ALT, and bilirubin.

In 2/169 (1.1%) paediatric patients an infusion-related AE was
reported in the electronic health care system. These infusion-
related AEs included I) red cheeks during infusion, and II) red hand
palms and blue fingertips during infusion. In both patients these
were transient infusion-related AEs. The infusion-related AEs were
managed by I) pausing micafungin infusion for half an hour and
restarting the infusion without signs of infusion-related problems,
and II) terminating micafungin infusion during the induction pro-
tocol. In the last patient, micafungin infusion was restarted during
the first consolidation course due to difficulties with itraconazole
intake and infusion-related problems were no longer observed.

4. Discussion
In this report we showed that a twice-a-week prophylactic mi-

cafungin regimen resulted in a significantly lower occurrence of
invasive Aspergillus infections during the induction course of ALL
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treatment in paediatric patients without clinically relevant side ef-
fects.

This accords with the previously demonstrated efficacy of a
daily caspofungin regimen for prophylaxis of invasive Aspergillus
infections in paediatric patients with acute myeloid leukaemia
showing a decreased cumulative incidence of proven and proba-
ble Aspergillus infections as compared to a daily fluconazole reg-
imen [7]. Although they studied a different patient population
with another risk-profile, antifungal agent and follow-up period,
they also demonstrated the efficacy of an echinocandin regimen
for prophylaxis of invasive Aspergillus infections. Furthermore, our
results are in line with two other, small (n=9 and n=21) stud-
ies on alternative micafungin dosing regimens of twice-a-week 5
mg/kg with a simulated target attainment, and a twice-a-week 3-
4 mg/kg with clinical observations in both Candida and Aspergillus
prophylaxis [18,19]. Our clinical study showed that a less invasive
twice-a-week regimen is possible without compromising its effi-
cacy. This patient-friendly regimen is of importance, as ALL treat-
ment is mostly outpatient.

The main limitation of this study is its design. A randomized
controlled trial would have been optimal. First of all, we felt the
clinical urge to start a prophylactic regimen given the high inci-
dence in the historical cohort (~6%). Secondly, given the benefits
of this historical cohort, such as the large number of paediatric pa-
tients and the exact similar ALL treatment protocol in both cohorts,
this seemed a suitable control group. Lastly, this study was part of
the DCOG ALL-11 study, a prospective study for the treatment of
childhood ALL, with an already existing database on treatment ef-
fect and toxicity. A note of caution is required in the interpreta-
tion of the results as the study technically did not meet the power
(78.34% versus 80%) due to the opening of the ALLTogether proto-
col in July 2020.

To minimize the risk of bias in the reported Aspergillus infec-
tions, the fungal infections documented by the DCOG were checked
and categorized for both cohorts according to the EORTC/MSG in-
dependently by two researchers [13]. In the unlikely event that
the documentation of Aspergillus infections was incomplete in the
historical cohort, the decrease in the occurrence of these infec-
tions using the twice-a-week micafungin strategy would be even
more pronounced. Compared to the historical cohort, the occur-
rence of Aspergillus infections during the first consolidation course,
when all patients received Aspergillus prophylaxis, was also lower.
We could hypothesize that given the onset of Aspergillus infections
over time, most infections were prevented during the first con-
solidation course due to micafungin prophylaxis in the induction
course.

For the safety of micafungin, it was decided to focus on labora-
tory chemistry values as these were routinely reported and struc-
tured nurse- or physician-directed reporting of AEs was not part of
clinical practice. It is not expected that clinically relevant toxicity
of micafungin was overseen, given the close monitoring of these
patients in clinical care. We demonstrated that this twice-a-week
micafungin dose was generally well tolerated. Although increased
AST and ALT values were reported during the induction course in
the micafungin cohort, these elevated values were not considered
clinically relevant in the vast majority of the patients. The com-
parable bilirubin values and duration of the induction course be-
tween the micafungin and historical cohort strengthens the as-
sumption that micafungin did not lead to clinically relevant toxi-
city.

A dose reduction was advised in 19 out of 47 patients. This
was included in our strategy in the initial phase of the study as
a precautionary measure to prevent toxicity despite the higher tol-
erable dose known from literature. The trigger for dose reduction
was based on an empirically chosen measure of exposure of mi-
cafungin together with a clinical judgment of both the pharma-
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cist and treating physician to prevent unknown side effects. As no
clinically relevant micafungin toxicity occurred during this initial
phase, the decision was made to continue with a 9 mg/kg (max.
300 mg) micafungin dose to all patients in the clinical evalua-
tion part. Nevertheless, it would be interesting to address whether
lower dosage micafungin regimens would result in comparable ef-
ficacy for Aspergillus prophylaxis, specifically if they would come
at the benefit of lower liver enzymes. As toxicity in our case
was very mild, the need to study this matter promptly is less
urgent.

To conclude, a twice-a-week micafungin regimen during the in-
duction course of childhood ALL treatment resulted in a signifi-
cantly lower percentage of proven and probable invasive Aspergillus
infections during the induction and first consolidation course com-
pared to the historical cohort without antifungal prophylaxis dur-
ing the induction course. When a high incidence in local epidemi-
ology drives the need for Aspergillus prophylaxis, a patient-friendly
twice-a-week micafungin regimen could be used for prophylaxis of
invasive Aspergillus infections during the early phase of childhood
ALL treatment.
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