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Abstract
Background Invasive fungal diseases (IFDs) increase the mortality rate of patients with neutropenia who receive chemotherapy
or have previously undergone hematopoietic stem cell transplantation (HSCT). Micafungin is a broad-spectrum echinocandin,
with minimal toxicity and low drug interactions. We therefore investigated the efficacy and safety of prophylactic micafungin
in pediatric and adolescent patients who underwent autologous HSCT. Methods This was a phase II, prospective, single-center,
open-label, and single-arm study. From November 2011 to February 2017, 125 patients were screened from Seoul National
University Children’s Hospital, Korea, and 112 were enrolled. Micafungin was administered intravenously at a dose of 1
mg/kg/day (maximum 50 mg/day) from day 8 of autologous HSCT until neutrophil engraftment. Treatment success was
defined as the absence of proven, probable, or possible IFD up to 4 weeks after therapy. Results The study protocol was
achieved without premature interruption in 110 patients (98.2%). The reasons interrupting micafungin treatment included
early death (n=1) and patient refusal (n=1). Treatment success was achieved in 109 patients (99.1%). Only one patient was
diagnosed with probable IFD. No patients were diagnosed with possible or proven IFD. In the full analysis set, 21 patients
(18.8%) experienced 22 adverse events (AEs); however, all AEs were classified as “unlikely” related to micafungin. No patient
experienced grade IV AEs nor discontinued treatment and none of the deaths were related to micafungin. Conclusions Our
study demonstrated that micafungin is a safe and effective option for antifungal prophylaxis in pediatric patients who underwent
autologous HSCT, with promising efficacy without significant AEs.

Prospective study on Prophylactic Micafungin sodium against Invasive Fungal Disease during Neutropenia
in Pediatric & Adolescent Patients undergoing Autologous Hematopoietic Stem Cell Transplantation
Bo Kyung Kim1,2,3 , Jung Yoon Choi1,2,3 , Kyung Taek Hong1,2,3 , Hong Yul An1,2,3 , Hee Young Shin1,2,3 ,
Hyoung Jin Kang1,2,3*
1

Department of Pediatrics, Seoul National University College of Medicine

2

Seoul National University Cancer Research Institute

3

Wide River Institute of Immunology

Short running title: Prophylactic micafungin in pediatric transplant
Keywords: Micafungin, Invasive Fungal Disease, Autologous Hematopoietic Stem Cell Transplantation
Abstract word count: 250 words

1

Posted on Authorea 21 Jul 2021 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.162688791.15206441/v1 — This a preprint and has not been peer reviewed. Data may be preliminary.

The text word count: 2879 words
The number of tables: 2
The number of figures: 2
Abstract
Background
Invasive fungal diseases (IFDs) increase the mortality rate of patients with neutropenia who receive
chemotherapy or have previously undergone hematopoietic stem cell transplantation (HSCT). Micafungin
is a broad-spectrum echinocandin, with minimal toxicity and low drug interactions. We therefore investigated the efficacy and safety of prophylactic micafungin in pediatric and adolescent patients who underwent
autologous HSCT.
Methods
This was a phase II, prospective, single-center, open-label, and single-arm study. From November 2011 to
February 2017, 125 patients were screened from Seoul National University Children’s Hospital, Korea, and
112 were enrolled. Micafungin was administered intravenously at a dose of 1 mg/kg/day (maximum 50
mg/day) from day 8 of autologous HSCT until neutrophil engraftment. Treatment success was defined as
the absence of proven, probable, or possible IFD up to 4 weeks after therapy.
Results
The study protocol was achieved without premature interruption in 110 patients (98.2%). The reasons
interrupting micafungin treatment included early death (n=1) and patient refusal (n=1). Treatment success
was achieved in 109 patients (99.1%). Only one patient was diagnosed with probable IFD. No patients were
diagnosed with possible or proven IFD. In the full analysis set, 21 patients (18.8%) experienced 22 adverse
events (AEs); however, all AEs were classified as “unlikely” related to micafungin. No patient experienced
grade IV AEs nor discontinued treatment and none of the deaths were related to micafungin.
Conclusions
Our study demonstrated that micafungin is a safe and effective option for antifungal prophylaxis in pediatric
patients who underwent autologous HSCT, with promising efficacy without significant AEs.
Abbreviations
IFD HSCT AEs CMV

invasive fungal disease hematopoietic stem cell transplantation adverse events cytomegalovirus

Introduction
Invasive fungal disease (IFD) is an important cause of illness and death in patients with neutropenia, which
is a condition that can often occur as a result of chemotherapy or hematopoietic stem cell transplantation
(HSCT) 1, 2 . The risk of infection is associated with the degree and duration of neutropenia, the disruption
of protective skin and mucosal surface barriers, and the use of corticosteroids. A previous study reported a
case fatality rate of 86.7% for allogeneic or autologous HSCT recipients with invasive aspergillosis3 . Pediatric
patients who underwent allogeneic or autologous HSCT showed an IFD incidence rate of 3–21%4, 5 . Patients
who have previously undergone autologous HSCT are known to have a lower risk of IFD than allogeneic
HSCT recipients. However, certain autologous recipients at a high risk benefit from prophylaxis of IFD 6 .
Furthermore, several pediatric patients who underwent autologous HSCT died owing to IFD 7 . To reduce
the high mortality rate associated with IFD, early initiation of antifungal therapy in patients with HSCT
is required. However, studies on the development of effective antifungal agents with reduced interactions
with HSC-related drugs have not been well established. A high crude mortality rate associated with IFD
stems in part from difficulties in making a timely diagnosis. High-risk patients typically have a decreased
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inflammatory response and clinical features, which may not manifest before the infection is far advanced8 .
For many years, conventional microbiological, histological, and radiological techniques have been used for
diagnosis; however, these techniques have a limited impact on clinical decision-making as they are time
consuming and lack sensitivity and general accessibility. With the development of an enzyme immunoassay
directed against Aspergillus galactomannan , the serological kits available for the detection of fungal antigens
have shown inconsistent sensitivity, specificity, or both 9 .
In view of these findings, an empirical strategy for the use of antifungal agents has been advocated since
the early 1980s. Meanwhile, a presumptive strategy was chosen to treat invasive fungal infections during
the neutropenic period. Hence, anti-Aspergillus agents were provided against persistent febrile neutropenia
based on positive serum test and/or infiltrates or nodules on radiography or computed tomography10 . In
high-risk patients, such as those with leukemia or HSCT recipients, antifungal agents are initiated at a period
of high risk of infection to prevent fungal infections.
Fluconazole has been widely used as an antifungal prophylactic agent. Previous prophylactic trials conducted
in bone marrow transplant recipients showed that the efficacy of fluconazole during the neutropenic phase
after transplantation was 50–75%11, 12 . Furthermore, the routine use of prophylactic fluconazole has been
associated with the emergence of fluconazole-resistant Candida infections. Additionally, fluconazole is not
reliably effective against invasive aspergillosis13 .
Itraconazole is a broad-spectrum antifungal agent capable of treating fluconazole-resistant Aspergillus and
Candida infections, and it showed a good response rate in a controlled study with amphotericin B14 . In
addition to these stable effects and low side effects and cost effectiveness, the enhanced absorption rate
of an oral solution has broadened the use of oral itraconazole in antifungal prophylaxis of hematologic
malignancies and HSCT 15, 16 . The success rate of oral itraconazole for the primary prophylaxis of fungal
infections in patients with hematologic malignancy and profound neutropenia was approximately 60% in a
previous randomized controlled study 17, 18 .
Echinocandins are a novel class of antifungal agents that demonstrated antifungal activity against Candida
and Aspergillus species19 . Micafungin, a member of echinocandin, is a broad-spectrum antifungal agent and
is associated with minimal toxicity and low potential for drug interactions 20 . It has mostly been used for
the treatment of invasive candidiasis in pediatric patients. As previous studies have not reported any AEs
associated with the use of micafungin, it is well-tolerated in pediatric patients, including neonates 21, 22 .
However, there have been a few reports describing the prophylactic use of micafungin in pediatric patients.
An early comparative, double-blinded, randomized phase III trial showed promising efficacy and safety of
micafungin for prophylaxis in 386 adults and 39 pediatric patients who underwent HSCT 23 . However, the
sample size of the pediatric group in this study was small and the enrolled population was heterogeneous,
including patients who had previously undergone autologous and allogeneic HSCT. A recent Japanese study
suggested that prophylactic micafungin might prevent IFD in pediatric patients receiving allogeneic or autologous HSCT 17 . This study was a retrospective, single-center study, which enrolled only 14 patients. Park
et al. 24 demonstrated the efficacy and safety of micafungin for the prevention of IFD in allogeneic HSCT
in pediatric and adolescent patients.
Therefore, we aimed to investigate the efficacy and safety of micafungin as a prophylactic antifungal therapy,
specifically in pediatric and adolescent patients who had previously undergone autologous HSCT.
Methods
Patients
Pediatric or adolescent patients (aged < 21 years) with hematological and non-hematological diseases who
had previously undergone autologous HSCT, including second autologous HSCT, were eligible for this study.
The exclusion criteria were as follows: (1) aspartate transaminase or alanine transaminase level > 5 times
the upper limit of normal; (2) bilirubin > 2.5 times the upper limit of normal; (3) a history of allergy,
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sensitivity, or any serious reaction to an echinocandin; (4) IFD at the time of enrollment; and (5) systemic
antifungal therapy within 72 h before administration of the first dose of the study drug.
Study design
This was a phase II, prospective, single-center, open-label, and single-arm study. This study was approved
by the Institutional Review Board of Seoul National University Hospital (No. 1102-038-351), and informed
consent was obtained from the parents. This study was registered atclinicaltrials.gov (#NCT01417169). Eligible patients who provided informed consent were administered a single 1-h infusion of micafungin (Astellas
Pharma US Inc., Deerfield, Illinois, USA) at 50 mg/day (1 mg/kg/day for patients weighing < 50 kg).
Infusion of micafungin was initiated on day -8 of autologous stem cell transplantation (Figure 1).
Patients received micafungin until the earliest of the following: (1) absolute neutrophil count (ANC) >
1000/μL after the nadir absolute count; (2) development of proven, probable, or possible invasive fungal
infections; (3) development of unacceptable drug toxicity; (4) death; (5) withdrawal from study participation
(patient’s decision); or (6) discontinuation of study treatment (investigator’s decision). Serum galactomannan
was sampled weekly (±3 days) from the day of initiation of micafungin administration. Patients terminating
micafungin treatment owing to the above criteria (3)–(5) was considered as premature interruption.
Outcome
The intention-to-treat (ITT) set was defined as all patients who received at least 1 dose of micafungin. The
primary endpoint was treatment success, which was defined as the absence of proven, probable, or possible
IFD during the period of prophylactic therapy, and up to 4 weeks after the end of micafungin administration
in patients who completed the treatment according to the study protocol, including patients who switched
to other antifungal agents by investigator’s decision. The primary endpoint efficacy set was defined as the
number of patients who completed the treatment according to the protocol without premature interruption.
The secondary endpoints were IFD-related mortality and safety profiles in the ITT full analysis group.
Engraftment was defined as achieving an ANC > 0.5 × 109 /L for three consecutive days before day 28.
Platelet recovery was defined as achieving a platelet count > 20000/mL, unsupported by platelet transfusions
for 7 days.
Adverse events (AEs) were monitored throughout the course of therapy. Laboratory evaluations were conducted once a week during micafungin therapy. All AEs, except for generally expected AEs after autologous
HSCT, were graded according to the Common Terminology Criteria for Adverse Events version 4.0 and
rated as unassessable, conditional, unlikely, possible, probable, and certain according to the World Health
Organization-Uppsala Monitoring Center causality assessment system25 .
Definition of IFD
Proven, probable, or possible IFD is defined as described by the European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy
and Infectious Diseases Mycoses Study group criteria (2008)26 . Proven IFD is defined as detection of fungal
elements in biopsy specimens or cultures of supposedly sterile materials or blood. Probable IFD is defined as
detection of fungal elements directly or indirectly (galactomannan antigen) in conjunction with compatible
clinical and radiographic findings. Probable IFD requires the presence of a host factor, a clinical criterion, and
a mycological criterion. Possible IFD is defined as sufficient clinical evidence of IFD without any mycological
support. Cases that met the criterion for a host factor and a clinical criterion but for which mycological
criteria were absent were considered as possible IFD.
If proven, probable, or possible IFD was diagnosed during the administration of micafungin prophylaxis,
the case was recorded as a treatment failure. Another antifungal agent could be administered along with
micafungin or other antifungal agents could be switched to. Treatment success was defined as the absence
of proven, probable, or possible IFD up to 4 weeks after therapy.
Statistical analysis
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The treatment success rate was calculated using two-sided exact, with 95% confidence intervals by using
Fisher’s exact test. The expected treatment success rate with micafungin (73%) was higher than that of oral
itraconazole (60%) 17, 18 . This percentage was set as a standard value for the current study. With 5% of
one-sided type I error and 80% of power, 102 patients were required. Considering an exclusion rate of 10%,
a total of 112 patients were required.
Patient characteristics and safety were analyzed for the ITT full analysis set. The primary endpoint was
analyzed in the primary endpoint efficacy set.
Results
Enrollment
From November 2011 to February 2017, 125 patients were screened from Seoul National University Hospital
in Korea. Thirteen patients were excluded owing to screening failure, and 112 patients were enrolled (Figure
2). Patient characteristics are listed in Table 1.
Treatment outcome
The study protocol was completed without premature interruption in 110 patients (98.2%). The reasons for
interruption in micafungin treatment included early death (n=1) and patient refusal (n=1). The median
duration of micafungin prophylaxis was 16 days (range, 2–26 days). Of 110 patients in the efficacy group,
10 were treated with oral itraconazole because of a positive galactomannan result without evidence of IFD,
and micafungin was replaced by another antifungal agent in 29 with persistent fever despite administration
of broad-spectrum antibiotics. Treatment success was achieved in 109 patients (99.1%, 95% exact confidence
lower limit: 97.4%). Probable IFD was diagnosed in one patient who had consolidative infiltration and
nodules on chest CT, in addition to a positive galactomannan result 27 days after completion of the study
protocol. Lung biopsy was performed; however, there was no evidence of IFD. This patient was administered
intravenous itraconazole and other broad-spectrum antibiotics and recovered approximately 2 weeks after
the administration of other antifungal agents. No patients were diagnosed with possible or proven IFD.
Adverse events
In the full analysis set, 21 patients (18.8%) experienced 22 AEs during the study protocol; however, all AEs
were classified as “unlikely” related to micafungin. Nine patients (8.0%) experienced grade III AEs, and no
patient experienced grade IV AEs. None of the patients discontinued micafungin administration owing to
AEs (Table 2). No deaths were reported related to the study drug. All patients succeeded in engraftment.
Neutrophil and platelet engraftment was performed on day 11 (range, 9–19) and day 18 (range, 10–38),
respectively.
Mortality
There was no case of IFD-related mortality. However, one patient in the premature interruption group had
persistent fever during the conditioning regimen and died of septic shock 5 days after HSCT. There were no
deaths related to the study drug.
Discussion
Previous studies have reported an IFD incidence of 12–22.5% among allogeneic 27 and 8–10% among
autologous28 HSCT recipients. The risk of IFD is lower in autologous HSCT than in allogeneic HSCT;
however, the incidence of IFD in autologous HSCT has been reported. In a recent study, Linke et al. reported a cumulative IFD incidence of 8.7% in 95 pediatric patients who underwent autologous HSCT 7 . IFD
is a major cause of morbidity and mortality in pediatric patients who have previously undergone HSCT
29, 30
. The reasons for increasing risk of IFD include prolonged neutropenia, immunosuppressive therapy,
delayed immune reconstitution, use of indwelling catheters, and broad-spectrum antibiotics 4, 29 . Pagano et
al. 30 reported that there could be fatal cases after autologous HSCT in adult patients. For high-risk patients,
such as HSCT recipients, antifungal agents were initiated at a period of high risk of infection to prevent
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fungal infections. There are several evidence-based guidelines for adults undergoing HSCT 31 . However, there
are no evidence-based guidelines for pediatric patients, and only few reports have described its prophylactic
use in pediatric patients.
In recently suggested guidelines for antifungal prophylaxis in pediatric patients undergoing allogeneic or
autologous HSCT, Michelle et al.32 have recommended that patients (1 month to < 19 years of age) who
have previously undergone allogeneic or autologous HSCT with anticipated neutropenia for > 7 days should
be administered intravenous or oral fluconazole (6–12 mg/kg/day; maximum 400 mg/day) from the start of
conditioning.
In the trial by Van Burik et al. 23 , which included allogeneic or autologous HSCT in 39 pediatric and 386
adult patients, a higher proportion of patients receiving micafungin had successful prophylaxis. The overall
efficacy of micafungin was superior to that of fluconazole as an antifungal prophylaxis during the neutropenic
phase after HSCT (80.0% in the micafungin arm versus 73.5% in the fluconazole group; P=0.03). However,
the sample size of the pediatric group in this study was small and the enrolled population was heterogeneous,
including autologous and allogeneic HSCT recipients.
In patients with fungal infections after allogeneic or autologous HSCT, causative species included Candida
(51%) and Aspergillus (25%)28 ; however, fluconazole treatment did not show efficacy against Aspergillus
species. Among other antifungal agents, itraconazole has greater activity and coverage, including aspergillosis, blastomycosis, coccidioidomycosis, histoplasmosis, and paracoccidioidomycosis, than fluconazole 33 . Itraconazole undergoes extensive metabolism via the cytochrome P450 3A4 enzyme system and increases the interactions with many other medications, including drugs important to HSCT recipients such as cyclosporine,
tacrolimus, and antineoplastic agents34 . Huang et al. compared the efficacy of micafungin with itraconazole
in patients aged 18–70 years with neutropenia who underwent allogeneic or autologous HSCT. The study
reported that the treatment success rate of micafungin was similar to that of itraconazole, with significant
differences in the incidence of drug-related AEs between the micafungin and itraconazole groups (8% versus
26.5%; P=0.00, chi-squared test).
Amphotericin B is a polyene antifungal agent with in vitroactivity against a wide variety of fungal
pathogens35 . However, adverse effects are common with the usage of amphotericin B, especially nephrotoxicity being the most serious, occurring early in the course of treatment 36 . There are a few studies on
amphotericin B as a prophylactic antifungal agent during allogeneic or autologous HSCT in pediatric patients. Roman et al.37 used liposomal amphotericin B, which is a lipid formulation of the antifungal agent, to
lessen the toxicity of conventional amphotericin B. It could efficiently prevent IFD; however, it induced grade
3–4 nephrotoxicity in 7/57 (12%) patients, and in 6/57 (11%), liposomal amphotericin B was discontinued
due to toxicity.
Micafungin is a member of the echinocandins and a semisynthetic lipopeptide synthesized by a chemical
modification of a fermentation product of Coleophoma, which has a broad spectrum of fungicidal activity
and is associated with minimal toxicity and low potential for drug interactions 20 . It has mostly been
used for the treatment of invasive candidiasis in pediatric populations and suggested in the 2009 guideline
as an alternative therapy to fluconazole in the prophylaxis of patients with a standard risk against fungal
infections, namely those with allogeneic HSCT or those with prolonged neutropenia and mucosal damage
after autologous HSCT 31 . There are several studies including phase I studies that provide information
regarding the dose regimens of micafungin for pediatric patients38, 39 . An initial dose of 1–2 mg/kg/day
is usually recommended, and 1 mg/kg/day (for patients < 50 kg body weight) was effective in a phase
III study that compared micafungin with fluconazole in pediatric HSCT recipients. Micafungin achieved
a treatment success rate of 69.2%, whereas fluconazole at 8 mg/kg/day achieved a treatment success rate
of 53.3% 23 . Park et al. 24 demonstrated the effectiveness of micafungin as an IFD prophylactic during
neutropenia in children and adolescents who underwent allogeneic HSCT. Of 132 patients, treatment success
with micafungin was achieved in 119 (90.2%). There were no proven fungal infections in any patient, and
none of them experienced grade IV AEs.
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The known AEs of micafungin in children include diarrhea, epistaxis, abdominal pain, headache, nausea,
vomiting, fever, chills, elevation of alanine aminotransferase/aspartate aminotransferase values, hypokalemia,
thrombocytopenia, mucositis, and rash 40 . Our research also showed similar trends as described in previous studies. AEs included nausea, vomiting, diarrhea, and elevation of alanine aminotransferase/aspartate
aminotransferase values, and all AEs were self-limiting and adjustable. However, there were no AEs related
to the administration of micafungin, and none of the patients discontinued micafungin owing to AEs.
There has been no prospective study on the safety and utility of antifungal prophylaxis in pediatric patients
with autologous HSCT. This is the first prospective study on the prophylaxis of IFD using micafungin in
autologous HSCT. This study demonstrated that micafungin is a safe and effective option for antifungal
prophylaxis in pediatric patients receiving autologous HSCT, with promising efficacy without significant
AEs in a larger cohort than those described in other studies.
Conflict of Interest
The authors declare no conflict of interest. The authors alone are responsible for the content and writing of
this article.
Funding
This work was supported by Astellas Pharma Korea, Inc. (AKR-MYC-2011-03).
1. Andriole VT. Infections with Aspergillus species. Clinical infectious diseases : an official publication of the
Infectious Diseases Society of America . Nov 1993;17 Suppl 2:S481-6. doi:10.1093/clinids/17.supplement 2.s481
2. Vartivarian SE, Anaissie EJ, Bodey GP. Emerging fungal pathogens in immunocompromised patients:
classification, diagnosis, and management.Clinical infectious diseases : an official publication of the Infectious
Diseases Society of America . Nov 1993;17 Suppl 2:S487-91. doi:10.1093/clinids/17.supplement 2.s487
3. Lin S-J, Schranz J, Teutsch SM. Aspergillosis Case-Fatality Rate: Systematic Review of the Literature.
Clinical Infectious Diseases . 2001;32(3):358-366. doi:10.1086/318483 %J Clinical Infectious Diseases
4. Hovi L, Saarinen-Pihkala UM, Vettenranta K, Saxen H. Invasive fungal infections in pediatric bone
marrow transplant recipients: single center experience of 10 years. Bone marrow transplantation . Nov
2000;26(9):999-1004. doi:10.1038/sj.bmt.1702654
5. Hoppe JE, Klausner M, Klingebiel T, Niethammer D. Retrospective analysis of yeast colonization
and infections in paediatric bone marrow transplant recipients. Mycoses . Jan-Feb 1997;40(1-2):47-54.
doi:10.1111/j.1439-0507.1997.tb00170.x
6. Sullivan KM, Dykewicz CA, Longworth DL, et al. Preventing opportunistic infections after hematopoietic
stem cell transplantation: the Centers for Disease Control and Prevention, Infectious Diseases Society of
America, and American Society for Blood and Marrow Transplantation Practice Guidelines and beyond.
Hematology American Society of Hematology Education Program . 2001:392-421. doi:10.1182/asheducation2001.1.392
7. Linke C, Tragiannidis A, Ahlmann M, et al. Epidemiology and management burden of invasive fungal infections after autologous hematopoietic stem cell transplantation: 10-year experience at a European
Pediatric Cancer Center. Mycoses . Oct 2019;62(10):954-960. doi:10.1111/myc.12968
8. Hope WW, Walsh TJ, Denning DW. Laboratory diagnosis of invasive aspergillosis. The Lancet Infectious
diseases . Oct 2005;5(10):609-22. doi:10.1016/s1473-3099(05)70238-3
9. Odabasi Z, Mattiuzzi G, Estey E, et al. Beta-D-glucan as a diagnostic adjunct for invasive fungal
infections: validation, cutoff development, and performance in patients with acute myelogenous leukemia
and myelodysplastic syndrome. Clinical infectious diseases : an official publication of the Infectious Diseases
Society of America . Jul 15 2004;39(2):199-205. doi:10.1086/421944

7

Posted on Authorea 21 Jul 2021 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.162688791.15206441/v1 — This a preprint and has not been peer reviewed. Data may be preliminary.

10. Martino R, Viscoli C. Empirical antifungal therapy in patients with neutropenia and persistent or recurrent fever of unknown origin.British journal of haematology . Jan 2006;132(2):138-54. doi:10.1111/j.13652141.2005.05838.x
11. Goodman JL, Winston DJ, Greenfield RA, et al. A controlled trial of fluconazole to prevent fungal
infections in patients undergoing bone marrow transplantation. The New England journal of medicine .
Mar 26 1992;326(13):845-51. doi:10.1056/nejm199203263261301
12. Slavin MA, Osborne B, Adams R, et al. Efficacy and safety of fluconazole prophylaxis for fungal infections after marrow transplantation–a prospective, randomized, double-blind study.The Journal of infectious
diseases . Jun 1995;171(6):1545-52. doi:10.1093/infdis/171.6.1545
13. Segal BH, Almyroudis NG, Battiwalla M, et al. Prevention and early treatment of invasive fungal
infection in patients with cancer and neutropenia and in stem cell transplant recipients in the era of newer
broad-spectrum antifungal agents and diagnostic adjuncts. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America . Feb 1 2007;44(3):402-9. doi:10.1086/510677
14. Boogaerts M, Winston DJ, Bow EJ, et al. Intravenous and oral itraconazole versus intravenous amphotericin B deoxycholate as empirical antifungal therapy for persistent fever in neutropenic patients with
cancer who are receiving broad-spectrum antibacterial therapy. A randomized, controlled trial. Annals of
internal medicine . Sep 18 2001;135(6):412-22. doi:10.7326/0003-4819-135-6-200109180-00010
15. Benjamin DK, Jr., Smith PB, Arrieta A, et al. Safety and pharmacokinetics of repeat-dose micafungin
in young infants.Clinical pharmacology and therapeutics . Jan 2010;87(1):93-9. doi:10.1038/clpt.2009.200
16. Moeremans K, Annemans L, Ryu JS, Choe KW, Shine WS. Economic evaluation of intravenous itraconazole for presumed systemic fungal infections in neutropenic patients in Korea. International journal of
hematology . Oct 2005;82(3):251-8. doi:10.1532/ijh97.A30504
17. Kusuki S, Hashii Y, Yoshida H, et al. Antifungal prophylaxis with micafungin in patients treated for
childhood cancer. Pediatric blood & cancer . Oct 2009;53(4):605-9. doi:10.1002/pbc.22140
18. Harousseau JL, Dekker AW, Stamatoullas-Bastard A, et al. Itraconazole oral solution for primary
prophylaxis of fungal infections in patients with hematological malignancy and profound neutropenia: a
randomized, double-blind, double-placebo, multicenter trial comparing itraconazole and amphotericin B.
Antimicrobial agents and chemotherapy . Jul 2000;44(7):1887-93. doi:10.1128/aac.44.7.1887-1893.2000
19. Denning DW. Echinocandin antifungal drugs. Lancet (London, England) . Oct 4 2003;362(9390):1142-51.
doi:10.1016/s0140-6736(03)14472-8
20. Joseph JM, Jain R, Danziger LH. Micafungin: a new echinocandin antifungal. Pharmacotherapy . Jan
2007;27(1):53-67. doi:10.1592/phco.27.1.53
21. Arrieta AC, Maddison P, Groll AH. Safety of micafungin in pediatric clinical trials. The Pediatric
infectious disease journal . Jun 2011;30(6):e97-e102. doi:10.1097/INF.0b013e3182127eaf
22. Hope WW, Smith PB, Arrieta A, et al. Population pharmacokinetics of micafungin in neonates and
young infants. Antimicrobial agents and chemotherapy . Jun 2010;54(6):2633-7. doi:10.1128/aac.01679-09
23. van Burik JA, Ratanatharathorn V, Stepan DE, et al. Micafungin versus fluconazole for prophylaxis
against invasive fungal infections during neutropenia in patients undergoing hematopoietic stem cell transplantation. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America
. Nov 15 2004;39(10):1407-16. doi:10.1086/422312
24. Park HJ, Park M, Han M, et al. Efficacy and safety of micafungin for the prophylaxis of invasive fungal
infection during neutropenia in children and adolescents undergoing allogeneic hematopoietic SCT.Bone
marrow transplantation . Sep 2014;49(9):1212-6. doi:10.1038/bmt.2014.136

8

Posted on Authorea 21 Jul 2021 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.162688791.15206441/v1 — This a preprint and has not been peer reviewed. Data may be preliminary.

25. Edwards IR, Aronson JK. Adverse drug reactions: definitions, diagnosis, and management. Lancet
(London, England) . Oct 7 2000;356(9237):1255-9. doi:10.1016/s0140-6736(00)02799-9
26. De Pauw B, Walsh TJ, Donnelly JP, et al. Revised definitions of invasive fungal disease from the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and
the National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) Consensus
Group. Clinical infectious diseases : an official publication of the Infectious Diseases Society of America .
Jun 15 2008;46(12):1813-21. doi:10.1086/588660
27.
Hol JA, Wolfs TF, Bierings MB, et al.
Predictors of invasive fungal infection in pediatric allogeneic hematopoietic SCT recipients.Bone marrow transplantation . Jan 2014;49(1):95-101.
doi:10.1038/bmt.2013.136
28. Simms-Waldrip T, Rosen G, Nielsen-Saines K, Ikeda A, Brown B, Moore T. Invasive fungal infections
in pediatric hematopoietic stem cell transplant patients. Infectious diseases (London, England) . Apr
2015;47(4):218-24. doi:10.3109/00365548.2014.985709
29. Bhatti Z, Shaukat A, Almyroudis NG, Segal BH. Review of epidemiology, diagnosis, and treatment of
invasive mould infections in allogeneic hematopoietic stem cell transplant recipients.Mycopathologia . Jul
2006;162(1):1-15. doi:10.1007/s11046-006-0025-x
30. Pagano L, Caira M, Nosari A, et al. Fungal infections in recipients of hematopoietic stem cell transplants:
results of the SEIFEM B-2004 study–Sorveglianza Epidemiologica Infezioni Fungine Nelle Emopatie Maligne.
Clinical infectious diseases : an official publication of the Infectious Diseases Society of America . Nov 1
2007;45(9):1161-70. doi:10.1086/522189
31. Tomblyn M, Chiller T, Einsele H, et al. Guidelines for preventing infectious complications among
hematopoietic cell transplantation recipients: a global perspective. Biology of blood and marrow transplantation : journal of the American Society for Blood and Marrow Transplantation . Oct 2009;15(10):1143-238.
doi:10.1016/j.bbmt.2009.06.019
32. Science M, Robinson PD, MacDonald T, Rassekh SR, Dupuis LL, Sung L. Guideline for primary
antifungal prophylaxis for pediatric patients with cancer or hematopoietic stem cell transplant recipients.
Pediatric blood & cancer . Mar 2014;61(3):393-400. doi:10.1002/pbc.24847
33. Itraconazole. The American Society of Health-System Pharmacists . 8 December 2017.;
34.
Leather HL. Drug interactions in the hematopoietic stem cell transplant (HSCT) recipient:
what every transplanter needs to know.Bone marrow transplantation . 2004/01/01 2004;33(2):137-152.
doi:10.1038/sj.bmt.1704316
35. Dismukes WE. Antifungal Therapy: Lessons Learned over the Past 27 Years. Clinical Infectious Diseases
. 2006;42(9):1289-1296. doi:10.1086/503043
36. Fanos V, Cataldi L. Amphotericin B-Induced Nephrotoxicity: A Review.Journal of Chemotherapy .
2000/01/01 2000;12(6):463-470. doi:10.1179/joc.2000.12.6.463
37. Roman E, Osunkwo I, Militano O, Cooney E, van de Ven C, Cairo MS. Liposomal amphotericin B
prophylaxis of invasive mold infections in children post allogeneic stem cell transplantation. Pediatric blood
& cancer . 2008/02/01 2008;50(2):325-330. doi:10.1002/pbc.21239
38. Seibel NL, Schwartz C, Arrieta A, et al. Safety, tolerability, and pharmacokinetics of Micafungin (FK463)
in febrile neutropenic pediatric patients. Antimicrobial agents and chemotherapy . Aug 2005;49(8):3317-24.
doi:10.1128/aac.49.8.3317-3324.2005
39. Heresi GP, Gerstmann DR, Reed MD, et al. The pharmacokinetics and safety of micafungin, a
novel echinocandin, in premature infants.The Pediatric infectious disease journal . Dec 2006;25(12):1110-5.
doi:10.1097/01.inf.0000245103.07614.e1

9

Posted on Authorea 21 Jul 2021 — The copyright holder is the author/funder. All rights reserved. No reuse without permission. — https://doi.org/10.22541/au.162688791.15206441/v1 — This a preprint and has not been peer reviewed. Data may be preliminary.

40. Emiroglu M. Micafungin use in children. Expert review of anti-infective therapy . Sep 2011;9(9):821-34.
doi:10.1586/eri.11.91
Hosted file
MycafunginTable.docx
available
at
https://authorea.com/users/426869/articles/531222prospective-study-on-prophylactic-micafungin-sodium-against-invasive-fungal-diseaseduring-neutropenia-in-pediatric-adolescent-patients-undergoing-autologous-hematopoieticstem-cell-transplantation

10

