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Less toxic antifungal drugs are required for empirical antifungal therapy. Micafungin is an echinocandin drug
that is effective against both Candida and Aspergillus, and preliminary clinical studies have shown good anti-
fungal activity. We prospectively examined the effect and safety of micafungin against febrile neutropenia with
suspected fungal infection in 53 patients (median age, 56 years) who had undergone chemotherapy. The
administered dose of micafungin was 150 mg/day, and its effect was evaluated as fever resolution as well as
the results of chest imaging and serum fungal tests. Micafungin levels were measured on day 4 after the first
administration using high-performance liquid chromatography. We also measured trough levels of micafungin.
Underlying diseases comprised acute lymphoblastic leukemia (n 5 4), acute myeloid leukemia (n 5 20), multi-
ple myeloma (n 5 3), and non-Hodgkin’s lymphoma (n 5 26). The overall efficacy of micafungin was 70%.
Breakthrough fungal infections were documented in two (3.8%) patients, both of whom died of invasive myco-
sis. None of the patients were switched to other antifungal drugs due to events unrelated to adverse effects.
Plasma levels of micafungin and the degree of hepatic or renal dysfunction did not correlate. Micafungin is
safe and effective for the empirical antifungal therapy of febrile neutropenia in patients with hematological
malignancies. Am. J. Hematol. 85:872–876, 2010. VVC 2010 Wiley-Liss, Inc.

Introduction
Invasive fungal infection is an important cause of mortal-

ity in patients who develop severe neutropenia during
chemotherapy to treat hematological malignancies [1]. Diffi-
culties associated with the early diagnosis of fungal infec-
tion cause treatment delays that might lead to increased
mortality. Thus, empirical antifungal therapy is required,
and amphotericin B has been the standard drug [1]. How-
ever, less toxic antifungal alternatives are required to
improve empirical therapy. Although triazoles such as fluco-
nazole or itraconazole (ITCZ) are promising [2,3], the nar-
row spectrum of fluconazole limits its applications [4,5].
Oral ITCZ administration is also restricted, because the bio-
availability of the capsule form is inconsistent, and oral sol-
utions are associated with adverse gastrointestinal effects
[6]. Voriconazole represents a new generation of antifungal
triazoles with a broad spectrum in vitro and good bioavaila-
bility [7]. However, this drug is expensive and associated
with a high incidence of visual disturbances and elevated
transaminase levels [8]. In addition, intravenous infusions of
voriconazole are contraindicated in patients with renal dys-
function because of its solubilization with cyclodextrin [8].
Caspofungin is a first-in-class echinocandin antifungal drug

with excellent tolerability and a broad spectrum of activity that
includes Candida and Aspergillus spp. Its application as em-
pirical antifungal therapy has been investigated [9].
Micafungin is another echinocandin antifungal agent that

is effective against both Candida and Aspergillus [10–12],
and preliminary clinical studies have shown good antifungal
activity [10,13]. Moreover, micafungin does not target
enzymes in humans, thus lowering its toxicity [11–13]. We
therefore postulated that micafungin would be useful as
empirical therapy against fungal infection in patients with
febrile neutropenia.

Results

Patients
All patients who met the inclusion criteria for this study

provided written informed consent to participate. We en-
rolled 53 consecutive patients (median age, 56 years;
range, 26–92 years; 30 males and 23 females) between

August 2004 and August 2007. Table I summarizes the de-
mographic and clinical characteristics of the patients at
entry. Underlying diseases comprised acute lymphoblastic
leukemia (n 5 4), acute myeloid leukemia (n 5 20), multi-
ple myeloma (n 5 3), and non-Hodgkin’s lymphoma (n 5
26). None of the patients had a history of invasive fungal
infection. The median duration of neutropenia was 10 days
(range, 3–120 days). During the study period, fluconazole
prophylaxis was administered to most of the patients, and
those who did not participate in the study received either
micafungin or amphotericin B as empirical antifungal treat-
ment. Drugs were selected at the discretion of the attend-
ing physician. Fluconazole prophylaxis was administered to
50 (94%) patients. Two patients were positive for galacto-
mannan antigen and six were positive for b-D-glucan at the
time of enrollment.

Effect of treatment
Table II shows the treatment effects.
None of the patients required a dose reduction, and only

one required a dose increase due to the lack of an effect.
The median duration of administration was 10 days (range,
4–80 days). Of 53 patients, two patients developed break-
through fungal infections. Resolution of fever during neutro-
penia was achieved in 37 patients (70%). Three patients
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died until hospital discharge after micafungin treatment. Pre-
mature discontinuation of micafungin treatment because of
toxicity occurred in two patients. Two invasive fungal infections
were diagnosed at baseline. Treatment of baseline fungal infe-
tions was successful in two patients. Fever that did not
resolve during the period of neutropenia was resolved after
neutrophil recovery in the remaining 11 (21%) of patients. As
a consequence, the overall success rate was 70% (37/53).
The response rates were 75%, 65%, 67%, and 73% in
patients with acute lymphoblastic leukemia, acute myeloid leu-
kemia, multiple myeloma, and non-Hodgkin’s lymphoma,
respectively, indicating the absence of significant differences
among underlying diseases. Values immediately declined in
six patients who were positive for b-D-glucan but who had no
lung nodules or colitis when started on micafungin. All
patients who were positive for b-D-glucan or Aspergillus
became negative after starting micafungin. Breakthrough fun-
gal infections were documented in 2 (3.8%) patients on mica-
fungin, and both died of invasive mycosis. Invasive pulmonary
aspergillosis was proven in one patient at autopsy. Galacto-
mannan antigen became positive after micafungin administra-
tion in the other patient, and chest CT revealed a mass lesion
with a cavity surrounded by a halo of ground-glass opacity.
Invasive pulmonary aspergillosis was thus probable. The dose
was increased for this patient. None of the patients were
switched to other antifungal drugs because of adverse effects.

Adverse events
Six (11%) patients developed adverse reactions to micafun-

gin (Table III). All comprised liver dysfunction including grade 2
toxicity in 2 (3.8%) patients. However, all were managed by
supportive therapy without micafungin withdrawal or by switch-
ing to another antifungal drug. One patient died due to progres-
sion of the underlying disease (Table III, Patient No. 19).

Pharmacokinetics of micafungin
The median plasma micafungin levels in 15 patients were

15.15 (range, 8.53–29.48), 9.96 (range, 5.25–18.67), and
4.85 (range, 1.49–19.03) lg/ml at 1 and 4 hr after administra-
tion, respectively, and at trough (see Fig. 1). Plasma levels of
micafungin positively correlated with dose (mg/kg; Fig. 2), but
not with degree of hepatic or renal dysfunction (see Fig. 3).

Discussion
Amphotericin-B has been considered the standard empiri-

cal therapy for fungal infection. However, less toxic antifungal
drugs are needed, particularly for empirical therapy. Lipid for-
mulated (liposomal) amphotericin-B is essentially as effective
as authentic amphotericin-B and less toxic [14–16], but it still
evokes nephrotoxicity and infusion-related reactions. Several
studies have found that azole antifungal agents are less toxic
than amphotericin-B and that fluconazole or ITCZ are effec-
tive against febrile neutropenia [4–6]. However, the major
problem with fluconazole as empirical therapy is its weak
effect against Aspergillus and some Candida species other
than C. albicans. In addition, the prevalence of resistant
strains is increasing due to the widespread prophylactic use
of fluconazole [17]. The inconsistent bioavailability of ITCZ in
capsulated form limits its oral administration and oral solutions
of this drug evoke adverse gastrointestinal effects.
Echinocandins inhibit the synthesis of b-1, 3-D-glucan, a

specific component of the fungal cell wall [10]. The echinocan-
din drug caspofungin is approved for clinical use in the United
States and Europe, but not in Japan, where the approved
echinocandin for clinical use is micafungin. Antifungal activ-
ities in vitro, pharmacokinetics, and toxicity profiles slightly dif-
fer among echinocandins, but the relevance of these findings
is unclear. The safety and efficacy of various echinocandins
as empirical therapy has not been compared in clinical trials.
To our knowledge, only one study has compared micafungin
and caspofungin in terms of treating candidemia and other
forms of invasive candidiasis and it found similar safety and
efficacy between the two [18]. Walsh et al. [19] reported that
caspofungin is as effective as liposomal amphotericin B and
generally better tolerated when administered as empirical
antifungal therapy. Voriconazole is not superior to liposomal
amphotericin B as empirical antifungal therapy for patients
with neutropenia and persistent fever [7]. However, caspofun-
gin or micafungin have not been compared with voriconazole
in randomized studies. Intravenous infusions and injections of
ITCZ achieve sufficient blood levels to combat most species
of susceptible fungi, thereby overcoming the limitations of the
capsule form and the outcomes are at least comparable with
those of amphotericin-B with significantly fewer side effects

TABLE 1. Patient Characteristics at Entry

Age (median, range) 56, 26–92
Gender (male/female) 30/23
Administration of G-CSF (present/absent) 37/16
Transplantation (present/absent) 13 (allo 5, auto 8)/40
Digetive decontamination (present/absent) 51/2
Duration of neutropenia (median, range) 10, 3–120
Underlying disease
Acute lymphoblastic leukemia 4
Acute myeloid leukemia 20
Multiple myeloma 3
Non-Hodgkin’s lymphoma 26

TABLE 2. Effect of Treatment

Overall success rate, no. (%) 37 (70)
Mortality at hospital discharge, no. (%) 3 (6)
Resolution of fever during neutropenia, no. (%) 37 (70)
Resolution of fever after neutrophil recovery, no. (%) 11 (21)
Baseline IFD, no. (%) 2 (4)
Successfully treated baseline IFD, no. (%) 2 (4)
Breakthrough IFD, no. (%) 2 (4)
Aspergillus proven, no. (%) 1 (2)
Aspergillus probable, no. (%) 1 (2)
Discontinuation of therapy because of toxicity, no. (%) 2 (4)
Discontinuation of therapy because of lack of efficacy, no. (%) 0 (0)
Duration of therapy, median (interquartile range), d 10 (4–80)

IFD; invasive fungal disease.

TABLE 3. Adverse Events

Case No Age Gender Adverse events Degree Administration Therapy Causal association Result Remarks

8 55 Male Elevation
of AST

Grade 1 Continued None Unknown Improved Antibacterial therapies were given
at the same time

9 74 Female Elevation
of AST

Grade 2 Stopped Supporting
therapy

Unknown Improved Antibacterial therapies were given
at the same time

12 34 Female Elevation
of AST

Grade 1 Continued None Unknown Improved Antibacterial therapies were given
at the same time

19 80 Male Elevation
of AST

Grade 2 Stopped Supporting
therapy

None No change We confirmed the infiltrationt of leukemic
cells to the liver

30 70 Male Elevation
of AST

Grade 1 Continued None Unknown Improved Antibacterial therapies were given
at the same time

46 24 Male Elevation
of AST

Grade 1 Continued None Unknown Improved Antibacterial therapies were given
at the same time
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[6]. Thus, novel antifungal agents such as intravenous ITCZ,
voriconazole, and caspofungin have undergone further devel-
opment [6,7,9].
Several authors have reported the effectiveness of micafun-

gin, its broad spectrum, and tolerability [10–13]. For example,
micafungin elicits less hepatic or renal dysfunction than vori-
conazole. The response rate of caspofungin is similar, and
adverse effects are alleviated when compared with those eli-
cited by liposomal amphotericin-B [10]. Furthermore, micafun-
gin is effective against Candida glabrata and C. krusei. Our
study also showed that micafungin was a safe and effective
empirical antifungal therapy for febrile neutropenia. Only two
(3.8%) of our patients administered with micafungin devel-
oped documented breakthrough fungal infections. Although
this study was not randomized, the frequency of breakthrough
was lower than that of liposomal amphotericin-B, fluconazole,
ITCZ, voriconazole, and caspofungin [4–7,10,14–16,19,20].
Kubiak et al. [21] recently compared micafungin and cas-

pofungin for treating febrile neutropenia and found overall
favorable response rates of 81.0 and 81.9%, respectively.
In addition, 12.1% of their patients developed breakthrough
fungal infection. They concluded that micafungin and cas-
pofungin do not significantly differ in terms of safety profiles
or effectiveness as empirical antifungal therapies for persis-
tent febrile neutropenia. Although their breakthrough rates
were higher than those of our patients, our treatment out-
comes were similar to theirs.

A pharmacokinetic study showed that plasma micafungin
levels remained well above the minimal inhibitory concentra-
tions required to combat most fungal pathogens for 24 hr. In
addition, the dose and plasma levels of micafungin positively
correlated, allowing estimations of plasma levels from the
delivered dose. Neither the dose nor the plasma level of
micafungin correlated with the degree of hepatic or renal dys-
function, thus confirming the wide safety range of this drug.
Here, we treated antibiotic-resistant febrile neutropenia with

micafungin and achieved an overall success rate of 70%. How-
ever, the actual frequency of fungal infection is unknown. Our
results suggest that the frequency of fungal infections is high in
patients with febrile neutropenia and agree with the high end of
reported response rates (range, 26–75%) [4–7,14–16]. Although
the optimal dose of micafungin for empirical treatment of febrile
neutropenia has yet to be determined, 150 mg as applied in
herein might be appropriate. In this context, the effectiveness of
micafungin against Candida and Aspergillus species might have
contributed to the benefit described earlier. On the contrary,
micafungin had no effect upon 23% of our patients, and we
could not confirm a significant correlation with the prophylactic
use of this antifungal agent. In addition, the trough level of mica-
fungin and the neutrophil count did not significantly correlate.
We postulated that if poor outcomes could be predicted before
micafungin administration, appropriate antifungal treatments
could be selected in the future. However, we could not identify
any factor that could predict treatment effects in this study.
None of our patients developed severe adverse events or

required discontinuation or dose reduction, indicating that
micafungin is quite safe. Adverse event rates must be minimal
for a drug to be applied empirically, and micafungin seems to
be superior to amphotericin-B in this respect. Our results indi-
cate that micafungin is a potent candidate for empirical anti-
fungal therapy against febrile neutropenia that develops on a
base of underlying hematological malignancies.
Micafungin was not associated with an increase in the fre-

quency of liver or renal dysfunction. However, the low frequency
of hepatotoxicity in empirical antifungal therapy might differ
from that among patients undergoing more prolonged treatment
for proven infection. Nonetheless, we could state at least that
micafungin is a potential candidate for empirical antifungal ther-
apy and that its administration might reduce the frequency of
proven breakthrough fungal infections. Although amphotericin
B has been the standard of empirical antifungal therapy for
almost two decades, micafungin can be an appropriate alterna-
tive. However, if chest CT reveals suspicious shadows and gal-
actomannan antigen positivity in micafungin-treated patients,
conversion from micafungin to voriconazole or a combination
such as micafungin plus voriconazole should be considered.

Figure 1. Pharmacokinetics of micafungin. Plasma levels of micafungin in 15
patients were measured at 1 and 4 h after administration by high-performance liq-
uid chromatography (R1–R6). Trough levels were then estimated. Circles and
squares indicate median and range, respectively.

Figure 2. Plasma and trough levels of micafungin. Panels A and B: Plasma levels at 1 and 4 h, respectively, after micafungin administration. Panel C: Trough level. X-
axis, dose of micafungin (mg/kg body weight). Results in panels B and C statistically correlated (P < 0.05).
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Patients and Methods
Study design. This prospective, consecutive entry study was conducted

between August 2004 and August 2007 at a single center, and the Institu-
tional Review Board approved the study protocol. Written informed con-
sent was obtained from each patient before enrollment in the study. We
aimed to evaluate the effect and safety of empirical therapy with micafun-
gin in patients with persistent febrile neutropenia who are unresponsive to
antibacterial agents. Neutropenia was defined as a chemotherapy-induced
absolute neutrophil count of <500/ll. Fever was defined as an axillary
temperature of �37.58C, and its resolution was defined as 3 successive
days with an axillary temperature of <37.58C. Responses were examined
in patients on micafungin for >3 days. Invasive fungal disease (IFD) was
defined according to the revised definitions from EORTC/MSG [22].
Briefly, proven IFD requires culture and identification. Probable fungal
pneumonia was defined by host factors and clinical features including radi-
ographic imaging and mycological evidence. Possible IFD was defined as
clinically suspected fungal infection that did not fulfill the criteria for proven
or probable IFD. A diagnosis of fungemia required at least one positive
blood culture yielding fungus during febrile neutropenia.

Patients. Eligible patients were �20 years of age, had received
chemotherapy for hematological malignancies, and >72 hr of systemic
antibacterial therapy while fever and neutropenia persisted. Patients
were excluded if they had known uncontrolled bacterial infection at the
time of enrollment, serum levels of aspartate aminotransferase (AST),
or alanine aminotransferase (ALT) >10-fold the upper limit of normal,
serum total bilirubin levels of >3 mg/dl, serum creatinine levels of more
than twofold the upper limit of normal, a history of anaphylactic reac-
tions to micafungin, HIV seropositivity, or were pregnant. Oral flucona-
zole as antifungal prophylaxis was allowed, but discontinued at the time
of starting micafungin administration.

Treatment. Antibacterial treatment was started immediately upon the
development of febrile neutropenia. The initial antibacterial drug was
selected based on the Guidelines of the Infectious Diseases Society of
America in 2002 [23] and changed as required. Micafungin was started
when neutropenic with fever persisted for at least for 72 hr while under
antibacterial therapy. Daily micafungin (150-mg infusion) was administered
intravenously, and the dose was increased up to 300 mg/day if the
response was considered inadequate. If patients were intolerant or unre-

sponsive to micafungin according to assessment by the study physician,
the drug was discontinued or changed to another antifungal drug. Therapy
was continued until fever was resolved and for up to 3 days after neutro-
phil recovery. Patients also received G-CSF as required.

Clinical and laboratory evaluations. Clinical signs were monitored daily.
Complete blood cell counts were obtained, and biochemical parameters
were measured at least three times each week. Serum b-D-glucan and
Aspergillus antigen were tested before micafungin administration. All
patients were screened twice weekly for galactomannan antigen using our
in-house enzyme-linked immunosorbent assay; a positive result was
defined as a galactomannan index of �0.5 b-D-glucan levels measured
using the Fungitec G test kit (Seikagaku Kogyo, Tokyo, Japan) as recom-
mended by the manufacturer. A b-D-glucan level of �20 pg/ml was con-
sidered positive. Blood was cultured, and chest radiographs were obtained
before starting all patients on antibacterial therapy.

Response to treatment. The primary endpoint was the rate of treat-
ment success as defined according to the criteria of Walsh [7] with
some modification. Treatment was considered successful if break-
through fungal infection did not develop, the patient survived for 7 days
after stopping therapy, therapy was not prematurely discontinued, fever
resolved during the period of neutropenia, and if any baseline fungal
infection was resolved. The last baseline fungal infection was evaluated
according to the efficacy evaluation algorithm of Tamura et al. [24].

Adverse events. Adverse effects were graded according to the
National Cancer Institute Common Toxicity Criteria version 2.0, and the
maximum grade during the period of administration of micafungin was
recorded.

Pharmacokinetics of micafungin. Micafungin levels were measured on
day 4 after the first administration. Micafungin levels were measured in
patients only if administration day 4 fell on a workday. Levels of micafungin
were determined using high-performance liquid chromatography of plasma
separated from the blood of 15 patients collected at 1 and 4 h after mica-
fungin administration. We also measured trough levels of micafungin.

Conclusion
Micafungin is a safe and effective drug for treating antibi-

otic-resistant febrile neutropenia in patients with hematolog-
ical malignancies.

Figure 3. Correlations between plasma levels of micafungin and hepatic and renal functions. Panel A: Correlation with baseline serum AST level. Panel B: Serum levels
of AST before and after micafungin administration. Panel C: Correlation with baseline serum creatinine level. Panel D. Serum levels of creatinine before and after mica-
fungin administration. No significant differences are evident in any panel.
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