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INTRODUCTION

Invasive fungal infections (IFIs) remain a major cause of death in

neutropenic patients receiving chemotherapy or hematopoietic stem

cell transplantation (HSCT) despite the availability of antifungal

agents. The risk of IFI is associated with the degree and duration of

neutropenia, the disruption of mucosal barriers, and corticosteroid

use. Fluconazole has been widely used as an antifungal prophylactic

agent [1,2]. However, fluconazole does not protect patients from

invasive asperigillosis and may cause emergence of resistant

Candida species, that is, C. krusei or C. glabrata [3].

Micafungin is a new member of the echinocandins, which

represent a new class of antifungal agents that non-competitively

inhibits biosynthesis of 1,3-b-glucan linkages by interfering with

1,3-b-D-glucan synthase complex, an enzyme unique to fungi [4].

The 1,3-b-D-glucan target is an essential component for fungal cell

wall synthesis [4]. Micafungin exhibits fungicidal activity against

Candida species, including fluconazole-resistant isolates, and

fungistatic activity against Aspergillus species [4,5]. A study

evaluating micafungin versus fluconazole for prophylaxis during

neutropenia after HSCT showed superior success rate with

micafungin [6].

Micafungin has been available in Japan since 2002, and it

has been used for treatment of asperigillosis and candidiasis as well

as prophylaxis after HSCT. So far, there have been few reports

describing its prophylactic use in pediatric patients [6]. The aim of

this study was to evaluate the efficacy and safety of antifungal

prophylaxis with micafungin in neutropenic children receiving

chemotherapy or HSCT for childhood cancer.

MATERIALS AND METHODS

Patients

We retrospectively reviewed the records of 40 children with

neutropenia during chemotherapy or HSCT at Osaka University

Hospital between May 2006 and September 2008. The details of

medication for each patient were determined by review of the

electronic chart system, which recorded all medications in our

hospital. This study was approved by the Institutional Review

Boards of Osaka University Hospital.

Antifungal Prophylaxis

If patients had an absolute neutrophil count<500 cells/ml during

chemotherapy or HSCT, they received prophylaxis with micafungin

3 mg/kg once daily as a 1-hr infusion. All eligible neutropenic

patients were given micafungin prophylaxis in the survey period.

Five patients received antifungal prophylaxis after treatment failure

with micafungin in previous cycles; one received micafungin again,

while the remaining four discontinued micafungin prophylaxis

and received another antifungal agent for prophylaxis. No patients

suffered from IFI or received antifungal drugs before the start of

micafungin prophylaxis. All patients received granulocyte colony-

stimulating factor (G-CSF) or macrophage colony-stimulating

factor (M-CSF). Micafungin prophylaxis was continued until

recovery of absolute neutrophil count �500 cells/ml after the nadir

absolute count or development of proven, probable, possible, or

suspected IFI.

Outcomes

Treatment success was defined as the absence of proven,

probable, possible, or suspected IFI during prophylaxis therapy.

Proven, probable, or possible IFI was defined as described by

EORTC [7]. Patients were considered to have proven infection if

fungal elements were detected in biopsy specimens or cultures of

supposedly sterile materials or blood. Patients were deemed to have

probable IFI if fungal elements were detected directly or indirectly

(galactomannan antigen or serum b-D-glucan) in conjunction with
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compatible clinical and radiographic findings. Possible IFI was

defined if sufficient clinical evidence was consistent with IFI but

without mycological support. Furthermore, we defined suspected

IFI if patients had persistent fever�388C for more than 48 hr despite

broad-spectrum antibacterial therapy, when micafungin was

replaced by or required addition of another antifungal agent.

Indirect mycological tests detecting antigen or cell wall

constituents included serum galactomannan antigen (Aspergillus

antigen) or serum b-D-glucan. Galactomannan antigen was

measured using the Pastorex Aspergillus latex agglutination (LA)

test (Sanofi Diagnostics Pasteur, Marnes-La-Coquette, France) and

its cut-off value was 15 ng/ml. Serum b-D-glucan was measured by a

colorimetric assay (Wako Pure Chemical Industries, Ltd., Osaka,

Japan) and a cut-off value �7 pg/ml was used [8].

The following points were also determined: the duration of

neutropenia, the time to IFI, mortality, and adverse events.

Hematological and serum chemistry analyses were performed

at least twice weekly, and fungal surveillance cultures at least

once weekly.

RESULTS

A total of 40 patients (total 146 patient-cycles) received

micafungin as prophylaxis for IFI. Patient characteristics are listed

in Table I. Underlying diseases include acute leukemia (n¼ 16),

non-Hodgkin lymphoma (n¼ 4), and solid tumors (n¼ 20). All but

one patient with leukemia underwent chemotherapy and HSCT.

Thirty-nine patients received micafungin in a total of 131 patient-

cycles of chemotherapy. The number of cycles of chemotherapy was

1–9 per patient. Fourteen patients underwent a total of 15 HSCTs

(one patient underwent HSCT twice): autologous HSCT (n¼ 5) and

allogeneic HSCT (n¼ 10).

The median duration of neutropenia (<500 cells/ml) was 13

(range: 5–50) days for chemotherapy and 23 (range: 13–81) days

for HSCT, while the median duration of micafungin prophylaxis for

these groups was 12 (range: 5–49) days and 21 (range: 13–62) days,

respectively. Successful prophylaxis was achieved in 123 of

131 patient-cycles (93.9%) for chemotherapy and 12 of 15 HSCTs

(80.0%), and in 32 of 39 patients (82.1%) for chemotherapy and

11 of 14 HSCT patients (78.6%) (Table II). In total, 30 of 40 patients

(75.0%) had successful prevention of IFI (Table II). One case, the

only case where another course of micafungin prophylaxis was

given after prior failure, showed repeated failure in the following

course.

Cases of prophylaxis failure are summarized in Table III. Proven

IFI was observed in only one patient, who received micafungin

prophylaxis for 62 days for prolonged neutropenia. The patient had

received micafungin prophylaxis for neutropenia after chemo-

therapy against disease relapse after autologous HSCTand, without

recovery of neutropenia, subsequently underwent allogeneic HSCT

with continued micafungin prophylaxis. Graft-versus-host disease

(GVHD) prophylaxis was tacrolimus and short-term methotrexate;

however, the patient developed grade III acute GVHD. In this case,

Candida parapsilosis was detected in blood and stool cultures

without abnormal radiological findings. No probable or possible IFI

cases were observed.

Suspected IFIs were observed in 10 cases: eight after chemo-

therapy and two after HSCT. In all 10 suspected cases, neutropenia

continued more than 14 days, and in eight of these cases, suspected

IFI developed after more than 21 days of micafungin prophylaxis.

Among these, one case had a positive result for galactomannan

antigen, which was presumably associated with the repair of an air-

conditioner. In another two cases, elevated serum b-D-glucan was

documented within 1 week after switching antifungal agents: the

highest level of serum b-D-glucan was 8.5 and 39.1 pg/ml in cases

7 and 9, respectively. All suspected cases showed no abnormal

radiological findings.

For proven or suspected IFI cases, micafungin was replaced by

or had the addition of another antifungal agent according to the

guidelines of Slavin et al. [9]. Micafungin was switched to

voriconazole in nine cases; in two of them, voriconazole was

switched again to liposomal amphotericin B. In another two cases,

liposomal amphotericin B was added to micafungin. All of these

11 cases were successfully treated with improvement of clinical

and mycological findings.

We observed hepatic abnormalities during micafungin prophy-

laxis: AST, ALT, and total bilirubin elevations at grade 2 or higher

according to National Cancer Institute-Common Toxicity Criteria

Pediatr Blood Cancer DOI 10.1002/pbc

TABLE I. Patient Characteristics

Chemotherapy HSCT

Patient-cycle Patient Patient-cycle Patient

Total no. 131 39 15 14

Median age, years (range) 6 (1–17) 5 (2–11)

Underlying disease, n

Leukemia 44 15 4 4a

Non-Hodgkin lymphoma 12 4 1 1b

Solid tumor 75 20 10c 9b,c

Duration of neutropenia, days

0–7 6 0

8–14 69 1

15–21 28 6

22–28 11 4

>28 17 4

Median (range) 13 (5–50) 23 (13–81)

HSCT, hematopoietic stem cell transplantation. aThree patients underwent both chemotherapy and HSCT, while one patient underwent HSCTonly;
bAll patients underwent both chemotherapy and HSCT; cOne patient underwent HSCT twice.
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(NCI-CTC) occurred in 65.8%, 68.5%, and 6.2% of cases,

respectively, (Table IV). These abnormalities were, however,

considered to be related to chemotherapeutic agents and values

normalized after the end of micafungin prophylaxis. No renal

abnormalities were observed (Table IV). Thus, no adverse events

were documented in association with micafungin administration.

DISCUSSION

The diagnosis of IFI is often delayed or difficult to establish

with certainty, which can cause a delay in antifungal treatment and

increased mortality [10,11]. Antifungal prophylaxis has therefore

been commonly used as a treatment strategy. Micafungin has been

demonstrated to exhibit excellent in vitro activity against both

Candida and Aspergillus species [4], and clinical studies have also

shown good activity in the treatment of IFI in patients with febrile

neutropenia [12,13].

Our study evaluated micafungin as prophylactic antifungal

therapy in an exclusively pediatric patient population. Treatment

success was achieved in 123 (93.9%) of 131 of patient-cycles after

chemotherapy and in 12 (80%) of 15 HSCT patients. Exclusion of

the patients after treatment failure in previous cycles; however,

might have affected the treatment success rate. A previous

evaluation of micafungin versus fluconazole for prophylaxis during

neutropenia after HSCT in a predominantly adult population

showed superior overall efficacy for micafungin compared to

fluconazole (80.0% vs. 73.5%, P¼ 0.03) [6]. Hashino et al. [14]

reported a prophylactic success rate of 87.8% (none with proven or

probable IFI) in 41 adult patients receiving micafungin after HSCT.

The incidence of proven, probable, and possible IFI was reported at

13.6% in pediatric patients with leukemia who were receiving

fluconazole during chemotherapy [15]. In a report describing the

result of itraconazole prophylaxis in pediatric HSCT patients [16],

itraconazole was discontinued prematurely in 11 (21%) of 53

patients because of IFI development (n¼ 2), fever (n¼ 7), fever plus

veno-occlusive disease (n¼ 1), and toxicity (n¼ 1).

In our study, proven IFI was observed in one patient, in whom

C. parapsilosis was detected in blood culture after 62 days of

micafungin prophylaxis against prolonged neutropenia. C. para-

psilosis is the second most common Candida species in the Asia-

Pacific region and the third in Europe and North America [17].

Furthermore, C. parapsilosis is reported to be less susceptible to
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TABLE II. Outcome of Prophylaxis

Patient-cycle Patient

Chemotherapy

(N¼ 131)

HSCT

(N¼ 15)

Chemotherapy

(N¼ 39)

HSCT

(N¼ 14)

Total

(N¼ 40)

Development of IFI

Proven 0 1 0 1 1

Probable 0 0 0 0 0

Possible 0 0 0 0 0

Suspected 8 2 7 2 9

Treatment success rate 123/131 (93.9%) 12/15 (80.0%) 32/39 (82.1%) 11/14 (78.6%) 30/40 (75.0%)

HSCT, hematopoietic stem cell transplantation; IFI, invasive fungal infection.

TABLE III. Cases of Treatment Failure

IFI

Case

no. Therapy Diagnosis

Age

(years)

Duration of

neutropenia (days)

Time to

IFI (days)

Change of

antifungal agents Notes

Proven

1 Allo-HSCT NBL 6 81 62 VRCZ!L-AmB C. parapsirosis

in blood culture

Suspected

2 Chemotherapy NBL 6 15 9 VRCZ Positive galactomannan

antigen

3 Chemotherapy BT 16 17 14 VRCZ

4 Chemotherapy ALL 9 22 22 VRCZ!L-AmB

5 Chemotherapy AML 12 28 13 þ L-AmB

6 Allo-HSCT NBL 5 28 21 þ L-AmB

7 Chemotherapy ALL 4 30 20 VRCZ aElevated b-D-glucan

(8.5 pg/ml)

8 Allo-HSCT NBL 3 31 21 VRCZ

9 Chemotherapy ALL 4 31 19 VRCZ aElevated b-D-glucan

(11.4! 39.1 pg/ml)

10 Chemotherapy RMS 5 38 20 VRCZ

11 Chemotherapy AML 12 38 23 VRCZ!L-AmB

IFI, invasive fungal infection; NBL, neuroblastoma; ALL, acute lymphoblastic leukemia; BT, brain tumor; AML, acute myelocytic leukemia; RMS,

rhabdomyosarcoma; VRCZ, voriconazole; L-AmB, liposomal amphotericin B. aDocumented after changing of antifungal agents.
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micafungin (MIC90¼ 2mg/ml) [17,18]. Breakthrough trichosporo-

nosis has also been reported in patients receiving micafungin

treatment [19]. Caution is therefore needed when employing

prolonged prophylaxis with micafungin.

We started empirical antifungal therapy, that is, switching of

antifungal agents, for persistent or relapsing antibiotic-resistant

neutropenic fever during antifungal prophylaxis. Ten such cases in

our study were defined as suspected IFI. Galactomannan antigen in

serum has excellent specificity, but relatively low sensitivity for

diagnosis of invasive asperigillosis [20,21]. One suspected IFI case

had a positive result for galactomannan antigen by LA test in this

study, although it might have been false positive. The patient

thereafter received voriconazole without development of proven

IFI. Serum b-D-glucan has also been reported to be a useful

diagnostic tool for IFI [8,22–24]. However, a high proportion of

false-positive results were documented, which still requires an

optimal cut-off setting and repeated samplings [8,24]. In our study,

we used an adapted cut-off value of 7 pg/ml, above which the best

diagnostic performance has been reported to be obtained on two

consecutive samples with positive predictive value of 0.79 and

negative predictive value of 0.91 [8]. At diagnosis of suspected IFI,

no cases were found to have elevated b-D-glucan in our study. In two

cases; however, b-D-glucan was increased after changing antifungal

agents, but later decreased without any clinical or radiological signs

of IFI, which indicates that continued administration of alternative

drug (voriconazole in these cases) led to improvement.

The safety of micafungin has been reported in patients with

febrile neutropenia [6,25] and in pediatric patients [26]. Micafungin

was similarly well tolerated in our study, as demonstrated by the

lack of documented adverse effects. It has been reported that the

administration of micafungin at a daily dose of 100 mg is promising

for prophylactic antifungal therapy in adult patients undergoing

allogeneic HSCT [14]. However, age-related differences in

pharmacokinetic parameters have been reported in pediatric

patients with febrile neutropenia: mean total body clearance was

higher in patients <8 years than in those �8 years (0.385 vs.

0.285 ml/min/kg) [26]. That study also showed no dose-limiting

toxicity for micafungin up to 4 mg/kg/day in febrile neutropenic

pediatric patients [26]. Therefore, the dose of 3 mg/kg, used in our

study, appears to be acceptable for efficacy and safety.

The use of micafungin was not associated with nephrotoxicity

or infusion-related reactions, which are commonly observed in

patients receiving amphotericin B [27]. The pharmacokinetics of

micafungin were not altered by concomitant administration of

tacrolimus, mycophenol mofetil, prednisolone, or amphotericin B,

since micafungin appears to be metabolized primarily through the

O-methyl transferase pathway and minimally through the cyto-

chrome P450 3A pathway [5]. The pharmacokinetic profile of

micafungin makes it highly suitable for the HSCT setting. The

absence of drug–drug interactions is a major consideration for the

use of micafungin in patients who are considered as needing

systemic antifungal prophylaxis in vincristine-containing treatment

protocols [28]. Moreover, animal studies showed significant

synergy for micafungin with liposomal amphotericin B or

itraconazole [29–31]. All these factors, combined with its efficacy,

make micafungin an attractive choice for prophylaxis of IFIs in

neutropenic pediatric patients.

In summary, micafungin is an effective and well tolerated option

for antifungal prophylaxis in neutropenic pediatric patients under-

going chemotherapy or HSCT. A randomized study is needed to

confirm the efficacy of this approach.
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