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Abstract

0z

Objective: Invasive fungal infections (IFIs) are a major cause of mortality
and morbidity in hospitalized pediatric patients due to limited treatment
options. Micafungin has been the most recently approved echinocandin
for the treatment of IFls in children; however, the data on efficacy and
adverse events in children has been limited. This study aimed to evaluate
the characteristics, treatment responses, and the incidence of adverse
events of the micafungin treatment in children.

Material and Methods: This retrospective study was designed to eval-
uate all patients under 18 years old who received micafungin for treat-
ment between January 2017-December 2019. A standardized form was
used to collect demographic characteristics, underlying medical condi-
tions, diagnosis of fungal infections, laboratory findings, prognosis, and
mortality (14-day mortality, 30-day mortality).

Results: We evaluated 43 episodes of 39 patients who received mica-
fungin for treatment. Median age of the patients who received mica-
fungin for treatment was 2.3 (10 days-17 years and six months) years.
Micafungin was used for definitive treatment in 18 (41.9%) patients,
for empiric treatment in 15 (34.9%) patients, and for febrile neutrope-
nia in 10 (23.3%) patients. Median duration of micafungin treatment
was 14 (3-53) days. Treatment efficacy was found as 79.1% in clinical
response and 81.3% in mycological response. The incidence of hepat-
ic adverse events was 20.9% and renal adverse events 2.3% while us-
ing micafungin for treatment. In patients who received micafungin for

Girig: invaziv fungal enfeksiyonlar, sinirli tedavi secenekleri nedeniyle
hastanede yatan ve bagisikhgr baskilanmis cocuk hastalarda énemli bir
mortalite ve morbidite nedenidir. Mikafungin, cocuk hastalarda invaziv
fungal enfeksiyonlarin tedavisi icin en yeni onaylanmis ekinokandin gru-
bu bir antifungaldir; ancak, cocuklarda etkililik ve yan etkileri hakkindaki
veriler sinirhdir. Bu calismada, mikafungin tedavisi kullanan cocuk hasta-
larin 6zelliklerinin, tedaviye yanitlarinin ve yan etki sikliginin degerlendi-
rilmesi amaclanmistir.

Gereg ve Yontemler: Tek merkezde, Ocak 2017-Aralik 2019 tarihleri ara-
sinda tedavi i¢in mikafungin kullanan 18 yasindan kiictik cocuk hastalar
geriye donik olarak degerlendirildi. Hastalarin demografik 6zellikleri,
altta yatan hastaliklari, mantar enfeksiyonlarinin 6zellikleri, laboratuvar
bulgulari, prognoz ve mortalitesi (14 gtinlik mortalite ve 30 giinlik mor-
talite) standart bir forma yazilarak kaydedildi.

Bulgular: Calismamizda tedavi icin mikafungin kullanan 39 hastanin 43
epizodu dederlendirildi. Tedavi icin mikafungin kullanan hastalarin yas
ortanca degeri 2.3 (10 glin-17 yil alti ay) yildi. Mikafungin tedavisi, 18
(%41.9) hastada etkene yonelik tedavi, 15 (%34.9) hastada ampirik teda-
vi ve 10 (%23.3) hastada febril notropeni icin kullanildi. Hastalarin tedavi
icin mikafungin kullanma ortanca siiresi 14 (3-53) glind. Tedavi etkinligi
degerlendirildiginde hastalarin %79.1'inde klinik yanit, %81.3'inde miko-
lojik yanit alindi. Tedavi icin mikafungin kullanan hastalarda hepatik yan
etki %20.9 oraninda ve renal yan etki %2.3 oraninda gorildi. Tedavide
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treatment, 14-day and 30-day mortality rates were 7% and 9.3%, respec-
tively. However, these deaths were not attributable to a fungal infection
(two patients died due to heart failure, and two patients died due to
respiratory failure).

Conclusion: We demonstrated that micafungin might be a safe and ef-
fective antifungal agent for empiric therapy and definitive therapy. Fur-
ther and more extensive prospective studies to evaluate the efficiency
and safety of micafungin in children are needed.

Keywords: Invasive fungal infections, children, micafungin

Introduction

Invasive fungal infections (IFIs) are still a significant cause
of mortality and morbidity in critically ill and immunocompro-
mised pediatric patients (1). Candida and Aspergillus species
are the most common causative agents for these infections
(2). Treatment of IFls is a major challenge for clinicians due to
increased triazole antifungal resistance, and new treatment
options are required (3). Micafungin, an echinocandin class
antifungal agent, can be an alternative treatment optionin IFls
due to the fungicidal activity against most Candida spp. and
the fungistatic activity against Aspergillus spp. (4,5). However,
micafungin is not active against Cryptococcus neoformans and
shows little activity against Fusarium spp. and Zygomycetes
spp (5). Micafungin is also effective in prophylaxis against in-
vasive fungal infections in pediatric patients with hematolog-
ical malignancies or hematopoietic stem cell transplantation
(HSCT) (6,7).

Micafungin shows activity by inhibiting the synthesis of
(1,3)-beta-D-glucan, a major polymeric polysaccharide of the
fungal cell wall, well-tolerated and does not require a loading
dose (2,4,5,8). Micafungin can be an alternative treatment op-
tion due to lower rates of renal injury than amphotericin B (4).
However, the liver is the leading site of micafungin metabo-
lism, and it can potentially cause liver test abnormalities and
rarely life-threatening hepatotoxicity as a side effect (4,9). Oth-
er most common adverse reactions include diarrhea, nausea,
vomiting, pyrexia, thrombocytopenia, and headache (9,10).

Micafungin has Food and Drug Administration (FDA) ap-
proval, including indications for treatment of adults and pedi-
atric patients aged four months and older with candidemia,
acute disseminated candidiasis, Candida peritonitis, abscess-
es, esophageal candidiasis, and prophylaxis of Candida infec-
tions in patients undergoing HSCT. It also received approval
for children younger than four months in January 2020 (10).
Infectious Diseases Society of America (IDSA) recommends us-
ing micafungin as initial therapy for candidemia in neutropenic
and non-neutropenic patients and as a salvage therapy for as-
pergillosis (11,12). In Turkiye, micafungin was licensed in Feb-
ruary 2014, and we have been using micafungin for the treat-
ment of pediatric patients since January 2017 in our hospital.

mikafungin kullanan hastalarda 14 glinliik ve 30 giinliik mortalite orani
sirasiyla %7 ve %9.3 idi. Ancak, mikafungin kullanan hastalarda gorulen
olimler enfeksiyonu ile iliskili degildi (iki hastada mortalite nedeni kalp
yetmezligiydi ve iki hastada mortalite nedeni solunum yetmezligiydi).

Sonug: Bulgularimiz, mikafunginin pediyatrik hastalarda invaziv fungal
enfeksiyonlarin tedavisi icin kullanildiginda gtivenli ve etkili bir antifun-
gal ajan olabilecegini dustindirmustir. Cocuklarda mikafungin kullani-
minin etkinligini ve giivenligini degerlendirmek icin daha fazla ve daha
genis prospektif calismalara ihtiyac vardir.

Anahtar Kelimeler: invaziv mantar enfeksiyonlari, cocuk, mikafungin

This study aimed to evaluate the children who had re-
ceived micafungin for treatment and describe their charac-
teristics, treatment responses, and the incidence of adverse
events while using micafungin.

Materials and Methods

Study Design and Study Population

A retrospective observational study was performed be-
tween January 2017-December 2019 in a 216-bed tertiary
care facility. All patients under 18 years old who received mi-
cafungin for treatment were evaluated, which included 43 ep-
isodes from 39 patients. All patients were identified retrospec-
tively through medical records. A standardized form was used
to collect demographic characteristics, underlying medical
conditions, diagnosis of fungal infections, laboratory findings,
prognosis, and mortality (14-day mortality, 30-day mortality).
Micafungin 2 mg/kg/day was used with the option to increase
to 4 mg/kg/day (maximum 200 mg/g) once daily to treat IFls.
In neonates, micafungin 10 mg/kg/day once daily was used
to treat IFls.

Data on the reason for stopping micafungin, the evolu-
tion of IFls, and adverse events were also collected during mi-
cafungin treatment. Adverse events were evaluated by mon-
itoring alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP), gamma-glutamyl
transferase (GGT), total bilirubin, and creatinine on treatment
days zero, three, seven, and 14.

Microbiologic Methods

Fungi were isolated from blood cultures using the Back-
tAlert system (bioMérieux, France). They were identified with
conventional mycological methods, and their assimilation
profiles were determined with ID 32 C (bioMérieux, France)
between 2008-2014; and identified by MALDI TOFF MS (bi-
oMérieux, France) between 2014-2019.

Definitions

European Organization for Research and Treatment of
Cancer and the Mycoses Study Group (EORTC/MSG) defini-
tions were used to define IFls as proven, probable, or possible
(13). A breakthrough IFI was defined after >3 days of receiv-
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ing micafungin, even if IFl was due to an organism outside the
usual spectrum of activity of the antifungal drug the patient
was exposed to (14,15). The second episode of IFl occurring
in the same patient within two weeks of the first negative cul-
ture was defined as a new episode.

In neonates, fluconazole was primarily preferred for the
treatment of fungal infections. Liposomal amphotericin B was
administered in neonates if they had received fluconazole
prophylaxis or if the fungus was resistant to fluconazole. Mi-
cafungin treatment was preferred in neonates with elevated
renal function tests, or the fungus was resistant to other an-
tifungals.

Monotherapy was defined as administering a single an-
tifungal agent on a given day. Combination therapy was
described in patients who received at least two antifungal
agents. De-escalation was defined as switching micafungin
to another antifungal for maintenance therapy once a thera-
peutic response was achieved (3). Complete clinical response
was defined as the resolution of all attributable signs, symp-
toms, and radiographic abnormalities related to fungal infec-
tion. Partial clinical response was defined as improvement in
attributable signs, symptoms, and radiographic abnormalities
associated with the fungal infection. Stabilization or progres-
sion of disease was considered a failure of therapy. The my-
cological response was defined as clearance of microbiologi-
cal culture. Persistence was defined as continued isolation or
historical documentation from the primary site after 14 days
of micafungin treatment. Prolonged neutropenic fever was
defined as persistent fever after 96 hours of intravenous an-
tibiotic therapy.

Thrombocytopenia was defined as platelet count below
150 x 10%/L, and neutropenia was described as absolute neu-
trophil count below 1.5 x 10%/L. Renal function test abnormal-
ity was defined as >50% increase from the baseline serum
creatinine (16). Liver function test abnormality was described
as a three-fold increase in AST or ALT or a two-fold increase in
bilirubin from the upper limit of normal (ULN) (3).

Statistical Analysis

Statistical analysis was performed using SPSS statisti-
cal package (version 25 for Windows). Data were expressed
as mean * standard deviation (SD) or median (interquartile
range) for continuous variables or percentages for categor-
ical variables. Repeated measures ANOVA test was used to
compare biochemical parameters on days zero, three, seven,
and 14. Paired sample t-test was performed for the values of
p< 0.05 to determine the significant difference between re-
peated measures. Differences and correlations were consid-
ered significant at p< 0.05.

Ethics

Necessitated approval was obtained from the Ege Univer-
sity Faculty of Medicine Medical Research Ethics Committee
(ethical decision No: 20-3T/2).

Results
Patient Characteristics

We identified 43 episodes from 39 patients who received
micafungin for treatment at a tertiary-level hospital, having
subdivisions including intensive care, bone marrow/solid (re-
nal/cardiac/liver) organ transplantation, intestinal failure, and
rehabilitation and immunology subunits. In our study group,
39 patients had one episode, three patients had two episodes,
and one patient had three episodes for micafungin treatment.

Median age of the patients who received micafungin for
treatment was 2.3 years (range= 10 days-17.5 years), and
48.8% were males. The most common underlying disease was
hematologic malignancy (34.9%), followed by gastrointesti-
nal system disorders (32.6%) and solid organ-bone marrow
transplantation (14%). Micafungin was used for treatment
most commonly in the hematology-oncology unit (37.2%),
followed by the pediatric surgery unit (23.3%) and gastroen-
terology unit (18.6%). Neutropenia was present in 18 patients
(41.9%) for a median duration of eight (range= 1-34) days. Ta-
ble 1 summarizes the demographic and clinical characteristics
of the patients who received micafungin for treatment.

In our study group, there were five neonatal patients, three
of whom were premature and two of whom were mature.
Three (60%) of them were diagnosed with congenital heart
disease, and the other two (40%) patients were diagnosed
with gastrointestinal system disorders. Median gestation-
al age was 37 weeks (range 34-38 weeks), and four (80%) of
them were males.

Clinical Data and Outcomes of Micafungin Treatment

Micafungin was used for definitive treatment in 18 (41.9%)
patients, empiric therapy in 15 (34.9%) patients, and febrile
neutropenia in 10 (23.3%) patients. Median duration of mi-
cafungin treatment was 14 (range= 3-53) days. Sixteen (37.2%)
patients had proven IFl, one (2.3%) patient had probable IFI,
and one (2.3%) patient had possible IFl. The most commonly
isolated species in proven IFls were Candida parapsilosis (n=9,
20.9%), followed by Candida albicans (n= 3, 7%) and Candida
glabrata (n= 3, 7%). Majority of the patients (95.3%) had cen-
tral venous access. Before micafungin treatment, 26 (60.5%)
patients were using an azole antifungal agent for prophylaxis.
Nine (21%) patients received systemic antifungal therapy be-
fore starting micafungin treatment. The most common reason
for micafungin therapy was clinician recommendation in 33
(76.7%) patients, followed by intolerance (hypopotassemia
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Table 1. Demographic and clinical characteristics of the patients who received micafungin for treatment

Characteristics

Micafungin treatment (n=43)

Age, year, median, (min-max)

2.3 (10 days-17.5 years)

Sex, male, n (%) 21(48.8)
Underlying conditions, n (%)
Hematologic malignancy 15 (34.9)
Gastrointestinal system disorders 14 (32.6)
Bone marrow/solid organ transplantation 6 (14.0)
Congenital heart disease 5(11.5)
Chronic neurological/neuromuscular disorder 3(7)
Neutropenia, n (%), (<1500/mmZ) 18 (41.9)
Neutropenia duration, days, median, (min-max) 8(1-34)
Thrombocytopenia, n (%), (<150.000/mm?) 30 (69.8)
Liver function test abnormality during micafungin administration, n (%) 9(20.9)
Renal function test abnormality during micafungin administration, n (%) 1(23)

or an allergic reaction) to liposomal amphotericin B (L-AmB)
in five (11.7%) patients. Thirty-three (76.7%) patients received
micafungin as a monotherapy. Combination therapy was used
for 10 patients (23.3%). Seven patients received micafungin
concomitant with voriconazole, and three patients received
micafungin with L-AmB. Thirty-four (79.1%) patients had com-
plete clinical response, four (5.9%) patients had partial clinical
response, and five (11.7%) had stabilization or progression of
the disease. Mycological response was achieved in 13 (81.3%)
patients. The most common reason to stop micafungin was
complete response (27, 62.8%), followed by de-escalation (7,
16.3%), mortality (4, 9.3%), and a three-fold increase in AST and
ALT from ULN (1, 2.3%). four-day mortality and 30-day mortali-
ty rates were 7% and 9.3%, respectively. However, these deaths
were not attributable to a fungal infection (two patients died
due to heart failure, and two patients died due to respiratory
failure). Table 2 summarizes the clinical characteristics and out-
comes of the patients who received micafungin for treatment.

Micafungin was preferred in all five neonatal patients due
to previous elevated renal function tests. Four neonates (80%)
had complete clinical response, and one (20%) patient died
on the 7™ day of micafungin treatment. However, this patient
died due to heart failure, and her death was not attributable
to a fungal infection.

Adverse Events of Micafungin Treatment

The evaluation of hepatotoxicity due to micafungin
showed liver function test abnormality in nine (20.9%) pa-
tients who received micafungin for treatment. Renal function
test abnormality was observed in one (2.3%) patient who re-
ceived micafungin for treatment. There were no significant
differences in serum AST, ALT, ALP, GGT, or creatinine levels
during the first two weeks of the micafungin treatment period
(all p> 0.05). Changes in serum biochemistry parameters dur-

ing the first two weeks of micafungin treatment from baseline
are shown in Table 3. No adverse events were observed in five
neonatal patients.

Discussion

Despite high morbidity and mortality of IFls, treatment
options are still limited to three classes of antifungal agents,
including polyenes, echinocandins, and azoles (1). Micafungin
is the most recently approved echinocandin for treating IFls in
children and has been approved in Tirkiye since 2014 (10). Mi-
cafungin has fewer adverse events when compared to azoles
and polyenes (3,4). However, the data on efficacy and adverse
events in children has been limited. Therefore, we aimed to
evaluate the children who had received micafungin treatment.
We found treatment efficacy as 79.1% in clinical response, as
81.3% in mycological response and the incidence of hepatic
adverse events as 20.9%, and renal adverse events as 2.3%.

Leverger et al. (3) have evaluated 110 pediatric patients
who received micafungin for treatment or prophylaxis and re-
ported that the therapeutic objective was achieved in 76.6%
of hemato-oncology patients, in 96.6% of neonatal patients
and in 85.7% of pediatric intensive care unit (PICU) patients.
Styczynski et al. (17) have reported that micafungin treatment
success was 85% and 60% in children with IFl in pediatric he-
mato-oncology and HSCT patients, respectively. Kobayashi
et al. (2) have evaluated 201 pediatric patients who received
micafungin for treatment. The overall clinical response rate for
efficacy was 86.8% in children and 90.0% in neonates. In our
study, 79.1% of the patients had complete clinical response,
and mycological response was observed in 81.3% of the pa-
tients. Schiiller et al. (18) have evaluated 19 extremely low
birth weight infants, and micafungin treatment success was
reported as 84%. Similar to previous reports, 80% of the neo-
nates had complete clinical response in our study.
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Table 2. Clinical characteristics and outcomes of the patients who received micafungin for treatment

Patients (n=43)
Micafungin therapy, n (%)
Definitive treatment 18 (41.9)
Proven IFl 16 (37.2)
Candidemia 15 (34.9)
Candida parapsilosis 9(20.9)
Candida albicans 3(7)
Candida glabrata 3(7)
Invasive pulmonary aspergillosis 1(2.3)
Aspergillus flavus 1(23)
Probable IFl 1(23)
Possible IFI 1(23)
Empiric treatment 15 (34.9)
Febrile neutropenia 10 (23.3)
Use of antifungal prophylaxis, n (%) 26 (60.5)
Voriconazole 14 (32.6)
Fluconazole 11 (25.6)
Posaconazole 1(23)
Prior antifungal treatment, n (%) 9(21)
Voriconazole 493)
L-AmB 3(7)
Fluconazole 2(4.7)
Indications for micafungin treatment, n (%)
Hypopotasemia due to L-AmB 3(7)
Renal function test abnormality 2(4.7)
Allergic reaction due to L-AmB 2(4.7)
Systemic and antifungal lock therapy 2(4.7)
Prior antifungal resistance 1(23)
Clinician recommendation 33(76.7)
Monotherapy, n (%) 33(76.7)
Combination antifungal therapy, n (%) 10 (23.3)
Micafungin + voriconazole 7 (16.3)
Micafungin + L-AmB 3(7)
Duration of micafungin treatment, days, median, (range) 14 (3-53)
Reasons for stopping micafungin, n (%)
Complete clinical response 27(62.8)
Treatment de-escalation due to complete clinical response 7(16.3)
Treatment not effective 493)
Mortality during treatment 4(9.3)
Adverse events 1(23)
Central venous catheter, n (%) 41(95.3)
Central venous catheter removal, n (%) 16 (39)
Negative culture time, days, median (range) 16 (1-26)
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Table 2. Clinical characteristics and outcomes of the patients who received micafungin for treatment (continue)

Patients (n=43)
Clinical response to micafungin treatment, n (%)
Complete clinical response 34.(79.1)
Partial clinical response 4(9.3)
Stabilisation or progression 5011.7)
Mycological response to micafungin treatment, n (%)
Yes 13(81.3)
No 3(7)
Outcomes, n (%)
14-day mortality 3(7)
30-day mortality 4(9.3)
IFI: Invasive fungal infection, L-AmB: Liposomal amphotericin B.

Table 3. Changes in serum biochemistry parameters during the first two weeks of micafungin treatment in the study patients

Day 0 Day 3 Day 7 Day 14 p
Micafungin treatment¢ (n=43) (n=39) (n=33) (n=29)
AST (U/L)* 27 (22) 32(41) 39.5(30.5) 37(39) >0.05
ALT (U/L)* 31(39) 34.5 (54) 31.5(37.5) 35 (46) >0.05
ALP (U/L)* 168.5(189.2) 178.5(228.2) 192 (230) 194 (248) >0.05
GGT (U/L)* 79 (149) 87 (122) 96 (198.5) 87 (114) >0.05
Total bilirubin (mg/dL)* 0.52 (0.53) 0.54 (0.55) 043 (1.27) 0.5 (0.6) >0.05
Creatinine (mg/dL)* 0.29 (0.22) 0.27 (0.33) 0.29 (0.28) 0.28 (0.22) >0.05

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, GGT: Gamma-glutamy! transferase.

Note: Continuous variables presented as the mean =+ SDS.

“Comparison of the serum levels of total bilirubin, ALT, AST, ALP, GGT, and creatinine on the 3" day, 7" day, and 14" day, respectively, with the day on starting micafungin.

*median (IQR).

It is difficult for clinicians to decide the optimal antifun-
gal agent because many antifungal agents are expensive and
have significant side effects. Neoh et al. (19) have reported that
micafungin has been more cost-effective than liposomal am-
photericin B to treat invasive candidiasis in adults. Micafungin
is well tolerated and has a low potential for drug interactions
(20,21). The most severe adverse reaction of micafungin is
hepatotoxicity. Other common adverse reactions include di-
arrhea, nausea, vomiting, pyrexia, thrombocytopenia, and
headache (9,10). Kobayashi et al. (2) have reported the rate of
adverse drug reactions in 22.1% of the pediatric patients, and
hepatobiliary disorders were the most common adverse drug
reaction (13.7%). No adverse drug reactions have been report-
ed in neonates. Yesil et al. (22) have evaluated 125 pediatric
patients and reported that no micafungin treatment-related
significant side effects were observed in any of the patients.
Park et al. (23) have reported the rate of liver abnormalities at
45%, and Bui et al. (20) have reported liver abnormalities at
81.3% and renal abnormalities at 62.5% in pediatric patients
receiving micafungin prophylaxis. Leverger et al. (3) have re-
ported an adverse drug reaction rate in 21.8% of the children
in their study group. We determined liver function test abnor-

mality in 20.9% of the patients in during micafungin treat-
ment, similar to previous studies. Only one patient discontin-
ued micafungin treatment due to a three-fold increase in AST
and ALT from ULN. In addition, 2.3% of the patients developed
renal function abnormality during treatment. Cakir et al. (24)
have evaluated 15 neonates and no abnormal kidney or liver
function tests due to micafungin use were reported. Moreo-
ver, no adverse events were observed in five neonate patients
in our study.

Viscoli et al. (25) have reported survival at the end of mi-
cafungin treatment at 97% in 36 pediatric patients. Hashii et
al. (26) have evaluated nine immunocompromised pediatric
patients, and Kobayashi et al. (27) have evaluated 30 pediat-
ric patients with febrile neutropenia who received micafungin
treatment, and no deaths were reported. Telles et al. (28) have
reported a mortality rate of 1.9% in 48 pediatric patients dur-
ing micafunin treatment. In other previous studies, mortality
rates have been reported as high as 16% (19-20). In our study,
14-day mortality rate was 7%; however, these deaths were not
attributable to a fungal infection. The higher comorbidity of
the patients can explain the higher mortality rate in our study.
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There are several limitations to this study. The first limita-
tion of our study is its retrospective design; therefore, some
clinical information might be missed. Second, it was a sin-
gle-center study. The efficiency and adverse event rates may
differ between centers. The other limitation of our study in-
cludes its small sample size, and there was no control group
to compare the results in a similar group of patients not re-
ceiving micafungin. Additional limitations include difficulties
in the assessment of true incidence of nephrotoxicity and
hepatotoxicity due to the comorbidities in the patients, and
the concomitant administration of nephrotoxic agents and
hepatotoxic agents. Additionally, our study group included
heterogeneous patient populations, including neutropenic
patients, neonates, and patients with chronic comorbidities.
Despite these limitations, our study gives information about
the data on efficacy and adverse events of micafungin in chil-
dren.

Conclusion

In conclusion, micafungin might be a safe and effective
antifungal agent for empiric therapy. Further and more exten-
sive prospective studies to evaluate the efficiency and safety
of micafungin in children are needed.
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Informed Consent: Patient consent was obtained.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept- ZSB, GGO, SHP, GO, SA; Design- ZSB,
GGO; Supervision- ZSB, SA, GGO; Data Collection and/or Processing-
GO, SA, NMB, ZSB, SHP, GGO, DT; Analysis and/or Interpretation- GGO,
ZSB, NMB, ZU; Literature Search - GGO, NMB, ZSB, DT; Writing- GGO,
ZSB; Critical Review- GGO, ZSB, SA, NMB, ZU, SHP, SA, DT.

Conflict of Interest: All authors declare that they have no conflicts of
interest or funding to disclose.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

References

1. Downes KJ, Ellis D, Lavigne S, Bryan M, Zaoutis TE, Fisher BT. The use of
echinocandins in hospitalized children in the United States. Med Mycol
2018; Epub ahead of print. https://doi.org/10.1093/mmy/myy084

2. Kobayashi C, Hanadate T, Niwa T, Yoshiyasu T, So M, Matsui K.
Safety and effectiveness of micafungin in Japanese pediatric
patients: Results of a postmarketing surveillance study. J Pedi-
atr Hematol Oncol 2015;37(5):e285-91. https://doi.org/10.1097/
MPH.0000000000000343

3. Leverger G, Timsit JF, Milpied N, Gachot B. Use of micafungin for the
prevention and treatment of invasive fungal infections in everyday pe-
diatric care in France: Results of the MYRIADE study. Pediatr Infect Dis J
2019;38(7):716-21. https://doi.org/10.1097/INF.0000000000002353

Enoch DA, Murphy ME, Micallef C, Yang H, Brown NM, Aliyu SH. Mica-
fungin use in a UK tertiary referral hospital. J Glob Antimicrob Resist
2018;15:82-7. https://doi.org/10.1016/j.jgar.2018.06.009

Wasmann RE, Muilwijk EW, Burger DM, Verweij PE, Knibbe CA, Briig-
gemann RJ. Clinical pharmacokinetics and pharmacodynamics
of micafungin. Clin Pharmacokinet 2018;57(3):267-86. https.//doi.
org/10.1007/540262-017-0578-5

Park H, Youk J, Shin DY, Hong J, Kim I, Kim NJ, et al. Micafungin pro-
phylaxis for acute leukemia patients undergoing induction chemother-
apy. BMC Cancer 2019;19(1):358. https://doi.org/10.1186/5s12885-019-
5557-9

Scott LJ. Micafungin: A review in the prophylaxis and treatment of
invasive candida infections in paediatric patients. Paediatr Drugs
2017;19(1):81-90. https://doi.org/10.1007/540272-016-0211-3

Scott LJ. Micafungin: A review of its use in the prophylaxis and treat-
ment of invasive Candida infections. Drugs 2012;72(16):2141-65.
https://doi.org/10.2165/11209970-000000000-00000

Mullins C, Beaulac K, Sylvia L. Drug-induced liver injury (dili) with mi-
cafungin: The importance of causality assessment. Ann Pharmacother
2020;54(6):526-32. https://doi.org/10.1177/1060028019892587

Food and Drug Agency, Mycamine Drug Information, 03/23/2018.
Available from: https://www.fda.gov/advisory-committees/pediat-
ric-advisory-committee/mycamine-micafungin-sodium-briefing-ma-
terials (Accesed date: 01.10.2021).

Patterson TF, Thompson GR 3, Denning DW, Fishman JA, Hadley S,
Herbrecht R, et al. Practice guidelines for the diagnosis and manage-
ment of aspergillosis: 2016 update by the Infectious Diseases Society
of America. Clin Infect Dis 2016,63(4):e1-e60. https://doi.org/10.1093/
cid/ciw326

Pappas PG, Kauffman CA, Andes DR, Clancy CJ, Marr KA, Ostrosky-Ze-
ichner L, et al. Clinical practice guideline for the management of candi-
diasis: 2016 update by the Infectious Diseases Society of America. Clin
Infect Dis 2016,62(4):e1-50. https://doi.org/10.1093/cid/civ933

Donnelly JB, Chen SC, Kauffman CA, Steinbach W.J, Baddley JW, Ver-
weij PE, et al. Revision and update of the consensus definitions of in-
vasive fungal disease from the European Organization for Research
and Treatment of Cancer and the Mycoses Study Group Education and
Research Consortium. Clin Infect Dis 2020;71(6):1367-76. https://doi.
org/10.1093/cid/ciz1008

Cornely OA, Hoenigl M, Lass-Flérl C, Chen SC, Kontoyiannis DP, Mor-
rissey CO, et al. Mycoses Study Group Education and Research Consor-
tium (MSG-ERC) and the European Confederation of Medical Mycolo-
gy (ECMM). Defining breakthrough invasive fungal infection-position
paper of the mycoses study group education and research consor-
tium and the European Confederation of Medical Mycology. Mycoses
2019;62(9):716-29. https://doi.org/10.1111/myc.12960

Pfeiffer CD, Garcia-Effron G, Zaas AK, Perfect JR, Perlin DS, Alexander
BD. Breakthrough invasive candidiasis in patients on micafungin. J Clin
Microbiol 2010;48(7):2373-80. https://doi.org/10.1128/JCM.02390-09

Benjamin DK Jr, Kaufman DA, Hope WW, Smith PB, Arrieta A, Man-
zoni P, et al. A phase 3 study of micafungin versus amphotericin B
deoxycholate in infants with invasive candidiasis. Pediatr Infect Dis J
2018;37(10):992-8. https://doi.org/10.1097/INF.0000000000001996

Styczynski J, Czyzewski K, Wysocki M, Zajac-Spychala O, Wachowiak J,
Ociepa T, et al. Micafungin in invasive fungal infections in children with
acute leukemia or undergoing stem cell transplantation. Leuk Lympho-
ma 2016;57(10):2456-9. https://doi.org/10.3109/10428194.2016.1143
937


https://doi.org/10.1093/mmy/myy084
https://doi.org/10.1097/MPH.0000000000000343
https://doi.org/10.1097/MPH.0000000000000343
https://doi.org/10.1097/INF.0000000000002353
https://doi.org/10.1016/j.jgar.2018.06.009
https://doi.org/10.1007/s40262-017-0578-5
https://doi.org/10.1007/s40262-017-0578-5
https://doi.org/10.1186/s12885-019-5557-9
https://doi.org/10.1186/s12885-019-5557-9
https://doi.org/10.1007/s40272-016-0211-3
https://doi.org/10.2165/11209970-000000000-00000
https://doi.org/10.1177/1060028019892587
https://doi.org/10.1093/cid/ciw326
https://doi.org/10.1093/cid/ciw326
https://doi.org/10.1093/cid/civ933
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1093/cid/ciz1008
https://doi.org/10.1111/myc.12960
https://doi.org/10.1128/JCM.02390-09
https://doi.org/10.1097/INF.0000000000001996
https://doi.org/10.3109/10428194.2016.1143937
https://doi.org/10.3109/10428194.2016.1143937

e8

Giiner Ozenen et al.

Micafungin Treatment in Children

J Pediatr Inf 2023;17(1):e1-e8

20.

21.

22.

23.

Schiiller SS, Bauer C, Unterasinger L, Berger A. Safety and efficacy of
micafungin in extremely low birth weight infants. Pediatr Infect Dis J
2018;37(6):e169-e172. https://doi.org/10.1097/INF.0000000000001787

Neoh CF, Liew D, Slavin MA, Marriott D, Chen SC, Morrissey O, et al. Eco-
nomic evaluation of micafungin vs. liposomal amphotericin B (LAmB)
for the treatment of candidaemia and invasive candidiasis (IC). Myco-
ses 2013;56(5):532-42. https://doi.org/10.1111/myc.12071

Bui A, Nguyen V, Hsu C, Hyde B, Simms-Waldrip T. Invasive fungal in-
fections while on voriconazole, liposomal amphotericin B, or mica-
fungin for antifungal prophylaxis in pediatric stem cell transplant
patients. J Pediatr Pharmacol Ther 2019;24(3):220-6. https://doi.
org/10.5863/1551-6776-24.3.220

Huang K, Qiu KY, Deng LL, Fang JP, Li Y, Guo HX, et al. A clinical analysis
of micafungin treatment of pulmonary invasive fungal infection in pe-
diatric patients with acute leukemia or post hematopoietic stem cells
transplantation. Zhonghua Er Ke Za Zhi 2017;55(11):844-7.

Yesil E, Celebi S, Sezgin Evim M, Ozer A, Turan C, Timur D, et al. Cocuk-
larda mikafungin kullaniminin degerlendirilmesi [Evaluation of mica-
fungin use in children]. Mikrobiyol Bul 2020;54(1):120-34. https://doi.
0rg/10.5578/mb.68832

Park HJ, Park M, Han M, Nam BH, Koh KN, Im HJ, et al. Efficacy and safe-
ty of micafungin for the prophylaxis of invasive fungal infection during
neutropenia in children and adolescents undergoing allogeneic hema-
topoietic SCT. Bone Marrow Transplant 2014,49(9):1212-6. https://doi.
0rg/10.1038/bmt.2014.136

24,

25.

26.

27.

28.

Cakir SC, Celebi S, Ozkan H, Kéksal N, Dorum BA, Yesil E, et al.
Yenidoganlarda mikafungin kullanimi sonuglari [Results of the use of
micafungin in newborns]. Mikrobiyol Bul 2019;53(1):70-80. https://doi.
0rg/10.5578/mb.67599

Viscoli C, Bassetti M, Castagnola E, Cesaro S, Menichetti F, Ratto S, et
al. Micafungin for the treatment of proven and suspected invasive
candidiasis in children and adults: Findings from a multicenter pro-
spective observational study. BMC Infect Dis 2014;14:725. https://doi.
org/10.1186/5s12879-014-0725-7

Hashii Y, Kusuki S, Takizawa S, Tokimasa S, Ohta H, Hara J, et al. Efficacy
of micafungin in pediatricimmunocompromised patients with invasive
fungal infection. Pediatr Int 2014;56(6):834-7. https://doi.org/10.1111/
ped.12356

Kobayashi R, Suzuki N, Yoshida M, lizuka S, Suzuki D, Sano H, et al.
Efficacy and safety of micafungin for febrile neutropenia in pediatric
patients with hematological malignancies: A multicenter prospec-
tive study. J Pediatr Hematol Oncol. 2013;35(7):e276-9. https://doi.
0rg/10.1097/MPH.0b013e318299c6bd

Queiroz-Telles F, Berezin E, Leverger G, Freire A, van der Vyver A, Chot-
pitayasunondh T, et al. Micafungin Invasive Candidiasis Study Group.
Micafungin versus liposomal amphotericin B for pediatric patients
with invasive candidiasis: Substudy of a randomized double-blind
trial. Pediatr Infect Dis J 2008;27(9):820-6. https://doi.org/10.1097/
INF.0b013e31817275e6


https://doi.org/10.1097/INF.0000000000001787
https://doi.org/10.1111/myc.12071
https://doi.org/10.5863/1551-6776-24.3.220
https://doi.org/10.5863/1551-6776-24.3.220
https://doi.org/10.5578/mb.68832
https://doi.org/10.5578/mb.68832
https://doi.org/10.1038/bmt.2014.136
https://doi.org/10.1038/bmt.2014.136
https://doi.org/10.5578/mb.67599
https://doi.org/10.5578/mb.67599
https://doi.org/10.1186/s12879-014-0725-7
https://doi.org/10.1186/s12879-014-0725-7
https://doi.org/10.1111/ped.12356
https://doi.org/10.1111/ped.12356
https://doi.org/10.1097/MPH.0b013e318299c6bd
https://doi.org/10.1097/MPH.0b013e318299c6bd
https://doi.org/10.1097/INF.0b013e31817275e6
https://doi.org/10.1097/INF.0b013e31817275e6

