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The efficacy and safety of micafungin (FK463), which is a new lipopeptide antifungal agent of the echinocandin class and is

active against both Aspergillus and Candida species, were investigated in patients with deep-seated mycosis in this study. 70

patients were treated with micafungin 12.5�/150 mg/d intravenously for up to 56 d. The overall clinical response rates were 60%

(6/10) in invasive pulmonary aspergillosis, 67% (6/9) in chronic necrotizing pulmonary aspergillosis, 55% (12/22) in pulmonary

aspergilloma, 100% (6/6) in candidemia, and 71% (5/7) in esophageal candidiasis. The response rates for patients with prior

antifungal treatment which was considered ineffective or toxic, were similar to rates for patients without prior treatment.

Mycological eradication was observed in patients infected with Aspergillus fumigatus, Aspergillus flavus, Aspergillus terreus,

Aspergillus niger, Candida albicans, Candida glabrata, or Candida krusei. Adverse events related to micafungin were reported in

21 patients (30%), and there was no dose-related occurrence of any adverse event. It is concluded that treatment with micafungin

as monotherapy seems to be effective and safe in patients with deep-seated mycosis.
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INTRODUCTION

Recently, the incidence of systemic fungal infections has

continued to increase, as more patients have undergone

intensive chemotherapy or transplantation and have received

long-term treatment with immunosuppressive agents (1�/4).

These therapies have successfully improved the survival of

patients, but have produced a greater number of immuno-

compromized hosts at risk of fungal infections over longer

periods (1). Systemic fungal infections are the most frequent

causes of serious morbidity and mortality among these

patients (2, 3, 5), indicating the difficulty in treating fungal

infections. This may be explained by various factors,

including difficulties in making an early diagnosis, and

limited choices of antifungal therapy (2�/6). Amphotericin

B (AMPH-B) is considered to be the standard for systemic

antifungal treatment. However, it is associated with signifi-

cant toxicity, including dose-limiting nephrotoxicity (7, 8).

Flucytosine is a pyrimidine class antifungal drug, but its

utility is limited by its narrow spectrum of activity, toxic

effects (nausea, bone marrow suppression, etc.), and the

rapid emergence of resistance (7). The azole antifungal

agents represent a recent advance in the management of

systemic fungal infections. However, miconazole, which is

the first azole drug, and is classified as an imidazole agent,

has no remarkable advantages of efficacy or safety in

comparison with other antifungal agents (7). As for triazole

agents, fluconazole (FLCZ) and itraconazole (ITCZ) are

generally well tolerated, but FLCZ has low activity against

Aspergillus species (spp.), and its potential has been limited

by the emergence of resistance of some Candida spp. (7).

ITCZ has a broad spectrum of activity against both

Aspergillus and Candida spp., but its gastrointestinal

absorption is often poor in severely ill patients (9). Vorico-

nazole is a new triazole agent with a broad-spectrum of

activity and with both oral and intravenous formulations,

but it sometimes causes reversible visual disturbance (10).

These azole agents have the potential for drug interactions,

as they alter hepatic metabolism via the cytochrome p-450

system (7, 11). Some new antifungal agents with a novel

mechanism of antifungal activity have been developed

recently. Caspofungin is classified in the echinocandin

family. It has been investigated for efficacy and safety in

invasive aspergillosis and esophageal candidiasis (12, 13).

Micafungin (FK463) is a new semisynthetic lipopeptide

antifungal agent in the echinocandin class, the same class as

caspofungin. The echinocandin agents have a novel mechan-

ism of action by interference with (1, 3)-b-D-glucan synth-

esis. Non-clinical studies of micafungin indicated its broad-

spectrum fungistatic activity against Aspergillus spp. and

fungicidal activity against Candida spp. (14). In vivo studies

have also demonstrated its antifungal activity in various

animal models of fungal infection (15�/17). Micafungin was

well tolerated at doses ranging from 2.5 to 150 mg/d in
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healthy male volunteers. These results suggest that micafun-

gin has clinical potential in deep-seated mycosis, and could

be administered safely in patients.

This multicenter, open-label study was conducted to

investigate the efficacy and safety of micafungin in patients

with deep-seated mycosis caused by Aspergillus or Candida

spp.

PATIENTS AND METHODS

Patients

Male and female patients with deep-seated mycosis caused by

Aspergillus or Candida spp., aged 20�/79 y, were included in this

study. The diagnostic criteria for inclusion in this study consisted of

both clinical findings (compatible symptoms and diagnostic image)

and mycological evidence (1 or more positive results in culture,

histopathological examination, serological tests, or polymerase

chain reaction assay). Serological tests (detecting fungal antigen or

b-D-glucan) were used as subsidiary tests, because their sensitivity

and specificity are still insufficient. Positive fungal antibody was

accepted only in chronic forms of aspergillosis. The diagnosis of

invasive pulmonary aspergillosis (IPA) required infiltrates on chest

X-ray or computed tomographic scan together with clinical features

(refractory fever against broad-spectrum antibacterial agents, CRP

increase) and mycological evidence. The results of culture or

histopathological examination were accepted in pulmonary asper-

gillosis if the specimens were taken from a sterile lung lesion (or near

the lesion) or in cases with sequential positive sputum cultures.

Diagnostic criteria for chronic necrotizing pulmonary aspergillosis

(CNPA) were defined as shown in Table I, and diagnosis of CNPA

was made in patients who met all 5 criteria. Pulmonary aspergilloma

required a fungus ball in a cavitary lesion on chest X-ray or

computed tomographic scan, together with clinical symptoms

(cough, sputum, fever) and positive antibody. For candidiasis,

diagnosis of candidemia was defined as persistent fever (�/388C)

with a positive blood culture or positive serological tests. Esophageal

candidiasis required the endoscopic findings of plaque on esopha-

geal mucosa and mycological evidence. Diagnosis of disseminated

mycosis was made if the patients had multiple lesions on radiological

imaging with compatible clinical findings. In cases where the patients

had received prior antifungal treatment, responding patients were

excluded. The validity of inclusion and diagnosis of all patients was

reviewed by an independent expert medical panel.

Study design

This study was conducted as an open-label trial at 41 sites in Japan.

This clinical research was conducted in accordance with the

Declaration of Helsinki and Good Clinical Practice guidelines,

and the protocol was approved by the institutional review boards at

each participating center. Informed consent was obtained from all

enrolled patients.

Patients received a once-daily intravenous infusion of micafungin

at dosages between 12.5 and 150 mg/d, for a minimum of 7 d and a

maximum of 56 d. If required, dose escalation was allowed after 7 d

of dosing at the same level (4 d for esophageal candidiasis). No other

antifungal drug was administered within the micafungin treatment

period.

Efficacy evaluations

The primary endpoint was overall clinical response (‘success’,

‘failure’, or ‘not evaluable’) at the end of therapy. This assessment

was made on the basis of clinical response (clinical findings and/or

clinical symptoms), mycological response (culture or histopatholo-

gical examination), serological response (serological tests detecting

specific fungal antigen or b-D-glucan), and diagnostic imaging

improvement (radiological or endoscopic examination). The im-

provement was judged regardless of partial or complete response for

each factor. The independent expert medical panel reviewed the

eligibility and the investigators’ efficacy assessment of all patients.

Treatment success in overall clinical response was defined for each

diagnosis as follows: For IPA, radiological improvement without

clinical deterioration was required. For CNPA, the treatment success

was defined by radiological and clinical improvement. For pulmon-

ary aspergilloma, it was defined by radiological improvement

without any deterioration in clinical and mycological findings, or

by clinical improvement without any deterioration in radiological

and mycological findings. For candidemia, clinical improvement

with mycological and/or serological improvement was required. For

esophageal candidiasis, the treatment success was defined by clinical

and endoscopic improvement. For disseminated mycosis, clinical

and radiological improvement was required.

During the treatment period, clinical findings (parameters; fever,

C-reactive protein level, erythrocyte sedimentation rate) were

recorded for efficacy evaluation. In pulmonary aspergillosis, symp-

tomatic parameters such as cough, sputum, hemosputum, hemop-

tysis, dyspnea and oxygen level in arterial blood were also recorded.

In esophageal candidiasis, observation of plaque, odynophagia, and/

or retrosternal pain were made additionally and recorded. Mycolo-

gical examinations (culture, histopathological, and/or serological

tests) and diagnostic imaging examinations (radiological imaging or

endoscopy) were performed at scheduled intervals.

For efficacy analysis, the response rate was defined as the

percentage of responding patients (evaluated as ‘success’) in the

efficacy-evaluable population who received more than 7 doses of

micafungin. Clinical response was defined as a significant improve-

ment as judged by the investigator, based on changes of the

parameters. Mycological response was judged by the eradication

of the causative fungi isolated at entry to the study. Serological

improvement was judged by the normalization or decrease in 30% or

more of the b-D-glucan value, and/or disappearance of the fungal

antigen. In pulmonary aspergillosis and esophageal candidiasis,

radiological or endoscopic improvement was judged by a significant

resolution on imaging or endoscopy.

Table I. Diagnostic criteria for chronic necrotizing pulmonary asper-

gillosis

Criteriaa

1. Chronic pulmonary symptoms or systemic symptoms with at

least 1 of the following:fever, weight loss, productive cough,

hemosputum

2. Cavitary pulmonary lesion with evidence of paracavitary

infiltrates orcavitary change developing over a time-frame of

several weeks to several months

3. Positive results in serological tests (antigen/antibody detected) or

documented Aspergillus species from the pulmonary or pleural

cavity by culture or by pathological examination

4. Elevated inflammatory markers (e.g. C-reactive protein)

5. Exclusion of other pulmonary pathogens by appropriate cultures

and serological tests that are associated with a similar disease

presentation including Mycobacteria and other bacterial infec-

tions

a Diagnosis of chronic necrotizing pulmonary aspergillosis was made

in patients who met all 5 criteria above.
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Safety evaluations

All adverse events occurring during treatment were recorded,

including abnormal laboratory profiles. Clinical laboratory tests

(hematology, serum chemistry, and urinalysis) were performed at

baseline, on d 4, d 8, and weekly thereafter. Ongoing adverse events

at the end of therapy were followed up until the event resolved.

For safety analysis, the incidence of drug-related adverse events,

including abnormal laboratory profiles, was assessed in the popula-

tion of all patients who received at least 1 dose of micafungin.

RESULTS

A total of 70 patients were enrolled at 29 of 41 sites and

received at least 1 dose of micafungin; 56 patients were

evaluable for efficacy, 42 with aspergillosis and 14 with

candidiasis. Patient numbers for each diagnosis are shown in

Table II. The expert medical panel considered that 14

patients were not evaluable for efficacy, and these patients

were excluded from efficacy analysis. Four patients were

withdrawn from the study after receiving less than 7 doses of

micafungin because of clinical deterioration or adverse

events. After such a short treatment period the responses

of these patients were not assessable, because there were

insufficient findings for efficacy evaluation. One of these 4

patients, and 10 other patients, did not meet the diagnostic

criteria, and were therefore excluded from efficacy

evaluation�/empirical entry was approved in the primary

protocol and enrollment of these patients had been allowed

at study entry. Seven of these 11 patients had no clear clinical

features caused by fungal infection; their major clinical

findings were affected by other illness such as bacterial

infections or other underlying diseases, and these findings

were not adequate for efficacy evaluation. One of the 7

patients, and 4 other patients, did not meet the inclusion

criteria because there was no evidence of Aspergillus or

Candida infection (causative fungi were not detected by any

mycological examination, including serological tests and

polymerase chain reaction assay).

Patient demographics and baseline characteristics are

shown in Table III. Of the 56 patients involved in the

efficacy analysis, 44 were male, and the mean age was 61 y

(range 26 to 77 y). Hematopoietic disease was an important

underlying disease in both aspergillosis (9/42 patients) and

candidiasis (4/14 patients). Among the 10 patients with IPA,

8 patients had leukemia or lymphoma. Seven of these 8

patients had received chemotherapy prior to this study, and

2 of the 8 patients were neutropenic (cell countB/500) at

enrollment. Two patients received bone marrow transplanta-

tion prior to the study, but these patients were not

neutropenic at enrollment. Prior or current pulmonary

tuberculosis was the most common underlying disease in

aspergillosis (20/42 patients). Of these 20 patients, 2 had

IPA, 5 had CNPA, and 13 had pulmonary aspergilloma.

Diabetes mellitus was also common in aspergillosis (10/42

Table II. Study population

Aspergillosis Candidiasis Unknown Total

No. of patients No. of patients No. of patients No. of patients

All patients enrolled 46 19 5 70

Received at least 1 dose of study drug 46 19 5 70

Evaluable for efficacy 42 14 0 56

Diagnosis

Invasive pulmonary aspergillosis 10 10

Disseminated aspergillosis 1 1

Chronic necrotizing pulmonary aspergillosis 9 9

Pulmonary aspergilloma 22 22

Candidemia 6 6

Disseminated candidiasis 1 1

Esophageal candidiasis 7 7

Demographics and baseline characteristics

Gender

Male 33 11 44

Female 9 3 12

Age

Mean 62 57 61

SD 11 14 12

Range 26�/77 30�/73 26�/77

Common underlying disease

Hematopoietic disease 9 4 13

Neutropenia 2 2

Bone marrow transplantation 1 1 2

Pulmonary tuberculosis (prior or current) 20 1 21

Diabetes mellitus 10 4 14

AIDS 4 4
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patients). Four of these 10 patients had CNPA, and 6 had

pulmonary aspergilloma. All AIDS patients had candidiasis.

The overall clinical response rates by the maximum dose

are shown in Table IV for aspergillosis, and in Table V for

candidiasis. The maximum doses of micafungin ranged from

25 to 150 mg/d. The mean duration of treatment was 36 d

(range 8�/57 d) for aspergillosis and 16 d (range 7�/29 d) for

candidiasis.

The overall response rates were 57% (24/42) in aspergil-

losis, and 79% (11/14) in candidiasis. The overall response

rates by diagnosis were 60% (6/10) in IPA, 67% (6/9) in

CNPA, 55% (12/22) in pulmonary aspergilloma, 100% (6/6)

in candidemia, and 71% (5/7) in esophageal candidiasis. Two

patients with disseminated fungal infection (1 with aspergil-

losis, 1 with candidiasis) did not respond. Prior antifungal

treatment had no influence on efficacy. The overall response

rates were similar for patients with prior antifungal treat-

ment (20/33, 61%), which was considered ineffective or toxic,

and patients without prior treatment (15/23, 65%). The

response rate was 58% (18/31) in the refractory or intolerant

patients who had received antifungal treatment in adequate

doses for �/7 d. Clinical response rates were 55% (22/40) in

aspergillosis, and 85% (11/13) in candidiasis. Response rates

by diagnosis were 60% (6/10) in IPA, 63% (5/8) in CNPA,

52% (11/21) in pulmonary aspergilloma, 100% (6/6) in

candidemia, and 83% (5/6) in esophageal candidiasis.

Mycological response was assessed in patients in whom

mycological examination could be performed both pre- and

Table III. Overall clinical response (Aspergillosis)

No. (%) of patients responding

Maximum dose

(mg/d)

No. (%) of patients

responding by

maximum dose

Mean treatment

period (range)

Invasive pulmonary aspergillosis (n�/10)

6 (60) 50 (n�/2) 1 (50) 23 (17�/28)

75 (n�/3) 1 (33) 15 (8�/28)

150 (n�/5) 4 (80) 42 (21�/56)

Disseminated aspergillosis (n�/1)

0 (0) 150 (n�/1) 0 (0) 19 (19)

Chronic necrotizing pulmonary aspergillosis (n�/9)

6 (67) 25 (n�/1) 0 (0) 13 (13)

50 (n�/1) 1 (100) 56 (56)

75 (n�/3) 2 (67) 47 (29�/57)

150 (n�/4) 3 (75) 43 (11�/56)

Pulmonary aspergilloma (n�/22)

12 (55) 25 (n�/6) 2 (33) 25 (18�/29)

50 (n�/4) 3 (75) 47 (28�/56)

75 (n�/8) 5 (63) 40 (28�/56)

100 (n�/1) 0 (0) 25 (25)

150 (n�/3) 2 (67) 42 (28�/56)

Total (n�/42)

24 (57) 36 (8�/57)

Table IV. Overall clinical response (Candidiasis)

No. (%) of patients responding

Maximum dose

(mg/d)

No. (%) of patients

responding by

maximum dose

Mean treatment

period (range)

Candidemia (n�/6)

6 (100) 25 (n�/3) 3 (100) 16 (7�/28)

50 (n�/1) 1 (100) 28 (28)

75 (n�/2) 2 (100) 16 (14�/17)

Disseminated candidiasis (n�/1)

0 (0) 75 (n�/1) 0 (0) 16 (16)

Esophageal candidiasis (n�/7)

5 (71) 25 (n�/2) 0 (0) 11 (7�/14)

50 (n�/3) 3 (100) 7 (7�/8)

75 (n�/2) 2 (100) 29 (28�/29)

Total (n�/14)

11 (79) 16 (7�/29)
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post-treatment using an adequate specimen (from a lung

lesion or sputum in pulmonary aspergillosis, or blood in

candidemia, or from esophageal mucosa in esophageal

candidiasis). Fungal eradication was observed in 63% (12/

19) of the aspergillosis patients and 50% (4/8) of the

candidiasis patients. A variety of organisms were eradicated

after micafungin treatment, including Aspergillus fumigatus

(eradication rate: 50%, 7/14 isolates), Aspergillus flavus

(100%, 1/1 isolate), Aspergillus terreus (100%, 1/1 isolate),

Aspergillus niger (100%, 2/2 isolates), Candida albicans

(43%, 3/7 isolates), Candida glabrata (100%, 1/1 isolate),

and Candida krusei (100%, 1/1 isolate). The serological

response rates were 47% (14/30) in aspergillosis, and 56% (5/

9) in candidiasis. All 42 patients with aspergillosis had

pulmonary lesions, and were assessed by chest X-ray or by

computed tomographic scan as having radiological improve-

ment. The improvement rates were 70% (7/10) in IPA, 56%

(5/9) in CNPA, and 41% (9/22) in pulmonary aspergilloma.

One patient with disseminated aspergillosis also showed an

improvement in the chest radiograph. The endoscopic

improvement rate was 71% (5/7) in patients with esophageal

candidiasis. A follow-up assessment was made 2 weeks after

the end of micafungin treatment. IPA flared up again in 1

patient (1/6 IPA cases) who had shown a partial response to

micafungin. Except for this case, there were no other

recurrent cases of fungal infection in the responders. Among

21 micafungin non-responders, 14 patients were treated with

other antifungals. Three patients (3/14) responded to the

other antifungals after 2 weeks.

Among the 70 patients who received at least 1 dose of

micafungin, only 1 patient discontinued treatment because

of a drug-related adverse event (serious neutropenia). Nine

other patients required discontinuation of treatment because

of adverse events which were not considered to be drug-

related. Adverse events related to micafungin occurred in 21

of 70 patients (30%) (Table V). Most events occurred in only

1 patient, and events which occurred in 2 or 3 patients

included phlebitis, elevations in alanine aminotransferase,

alkaline phosphatase, g-glutamyl transpeptidase, blood urea

nitrogen, and serum creatinine. Most adverse events were

mild to moderate in severity except for 1 case of serious

neutropenia. There was no dose-related occurrence of any

adverse event.

DISCUSSION

The incidence of systemic fungal infections has recently

increased. The most common causative fungi are Candida

spp. (18), but the frequency of occurrence and the relative

importance of aspergillosis are on the increase worldwide

(19). However, active antifungal agents are still limited,

especially against Aspergillus spp. Furthermore, the emer-

gence of azole-resistant Candida spp. has become more

problematic recently (7, 20, 21). Increased use of FLCZ is

considered to be linked to increased rates of blood-stream

infection with non-albicans Candida spp. (7, 22, 23). There-

fore, a new broad-spectrum antifungal agent has been

needed. Recently, several new agents with improved formu-

lations or improved antifungal spectrum have been devel-

oped, such as lipid formulations of AMPH-B (24), and an

intravenous formulation of ITCZ (25) and voriconazole.

Voriconazole has shown efficacy against invasive aspergillo-

sis and esophageal candidiasis (10, 26�/28).

Micafungin has broad-spectrum activity against Aspergil-

lus spp. and Candida spp. Because its mechanism of action

inhibiting fungal cell wall synthesis differs from other

antifungal agents, it is also active against fungi resistant to

other agents. Therefore, micafungin is expected to provide a

new type of antifungal treatment. In this study, the efficacy

of micafungin was indicated against various forms of

aspergillosis (IPA, CNPA, and pulmonary aspergilloma)

and candidiasis (candidemia and esophageal candidiasis).

IPA is the most acute, aggressive type of aspergillosis. Of

the 10 IPA patients in this study, 7 patients developed IPA

after receiving chemotherapy for leukemia or lymphoma.

Two patients were neutropenic (cell countB/500) at enroll-

ment. Six of the 10 IPA patients, including 2 neutropenic

patients, responded to micafungin at the maximum dosage

of 50�/150 mg/d. Improvements of radiologic invasive

shadows and clinical symptoms (fever, C-reactive protein

level, chest pain, cough, etc.) were observed in all responding

patients.

CNPA is defined by Binder et al. (29) as an indolent,

cavitating process in the lungs due to invasion of lung tissue

by Aspergillus spp. CNPA is distinguished from aspergil-

loma by the aggressiveness of the inflammatory process and

also by the absence of a pre-existing cavitary space (30).

However, the concept of CNPA has not been universally

accepted. Therefore, we defined new diagnostic criteria for

CNPA in this study based on that used in overseas clinical

studies at that time. The diagnostic criteria referred to were

published by Denning later (31). Common risk factors for

CNPA include underlying pulmonary disease, mild systemic

immunosuppression by corticosteroid therapy, or underlying

conditions such as diabetes mellitus (30). Of the 9 patients

with CNPA in this study, 5 had prior tuberculosis, and 4 had

diabetes mellitus. The treatment response was observed in 6

of the 9 patients with micafungin 50�/150 mg/d (the

maximum dose). In these responding patients, infiltrates or

pleural thickening on chest X-ray or computed tomographic

scan were improved, accompanying the improvements of

clinical symptoms such as fever, C-reactive protein level,

cough, sputum, and dyspnea.

13 of the 22 patients with pulmonary aspergilloma in this

study had prior or current tuberculosis. The optimal

treatment strategy for pulmonary aspergilloma remains

uncertain (19). The definitive treatment for pulmonary

aspergilloma is surgical resection, but surgery has been

associated with high morbidity and mortality. Antifungal

therapy is therefore considered to be a useful treatment for
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pulmonary aspergilloma to calm symptoms or to improve

QOL in patients who are intolerant to surgery, although the

use of such drugs is still controversial. In this study, 12 of the

22 patients responded to micafungin treatment, showing

clinical improvement (in fever, sputum, cough, C-reactive

protein level, etc.) and/or radiological improvement (in the

findings of fungus ball, cavity, or pleura) without major

safety issues. Of 12 patients who were overall responders

with pulmonary aspergilloma, 6 patients (50%) showed both

a clinical response and radiological improvement, and 9

patients (75%) showed either a clinical response or radi-

ological improvement. It is possible that bacterial infections

or a variation in the course of underlying tuberculosis,

fibrocystic sarcoidosis or bullous emphysema may have

affected the efficacy evaluation. It is unlikely, however, that

bacterial infection affected interpretation of the radiological

examination. More than a half of the patients had not

responded to intensive previous treatment with antibiotics,

and no suspected case of bacterial superinfection was found

during the course of the study. Since pulmonary aspergil-

loma and underlying diseases were analyzed differentially in

the radiological assessment, such difficulty did not occur in

this study. These results suggest that micafungin may provide

a useful treatment option for pulmonary aspergilloma.

With regard to candidiasis in this study, all 6 patients with

candidemia and 5 of 7 with esophageal candidiasis showed

responses with relatively low doses of micafungin (candide-

mia: 25�/75 mg/d; esophageal candidiasis: 50�/75 mg/d, the

maximum dose). In candidemia the response was observed

as improvements in clinical symptoms (fever, C-reactive

protein level) with mycological improvement (fungal eradi-

cation in culture) and/or serological improvement (decreased

b-D-glucan). In esophageal candidiasis, endoscopic improve-

ment (eradication of plaque) and clinical improvement (in

odynophagia, retrosternal pain, etc.) were observed. Some

patients infected with Candida spp. with low susceptibility to

FLCZ, including Candida albicans, Candida krusei, and

Candida glabrata, showed clinical and/or mycological re-

sponse to treatment with micafungin.

The efficacy of micafungin was exhibited in patients who

had received prior antifungal treatment that was considered

to be ineffective or toxic. This may indicate that many

refractory or intolerant patients could be treated with

micafungin.

Although the accurate optimal dose for each disease could

not be shown in this study because the maximal dose in the

protocol was increased from 25 mg/d to 75 mg/d and 150 mg/

d stepwise during the course of the study according to the

results from a maximal tolerated dose (MTD) study being

Table V. Adverse events related to study drug

No. of patients

Dose at onset (mg/d)

Adverse event 25 50 75 150 Total

Clinical adverse events

Chill 1 1

Headache 1 1

Hypertension 1 1

Palpitation 1 1

Vascular pain 1 1

Phlebitis 2 2

Rash or eruption 1 1 2

Polyarthritis 1 1

Diarrhea or loose stools 1 1 2

Laboratory adverse events

Neutropenia 1 1

Eosinophilia 1 1

AST or ALT increase 1 2 3

Al-p increase 2 1 3

g-GTP increase 2 2

LDH increase 1 1

BUN or creatinine increase 2 2 1 5

Creatinine clearance decrease 1 1

K� increase 1 1

K� decrease 1 1

CPK increase 1 1

Myoglobin increase 1 1

Total 10 6 11 6 33

Overall incidencea (%) 21/70 (30)

a No. of patients with adverse event(s) related to micafungin/total no. of patients received at least 1 dose.
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conducted at the same period of time in the US, based on

these results the recommended starting dose of micafungin

was considered as 50 to 150 mg/d for aspergillosis (but 150

mg/d will be recommended especially for IPA), 25 mg/d or

more for candidemia, and 50 mg/d or more for esophageal

candidiasis. These doses are also considered to be the

optimal doses, respectively.

The diagnostic criteria are now presented by the European

Organization for Research and Treatment of Cancer as an

international consensus (32). However, it is difficult to define

proven, probable, or possible fungal infection in this study.

The definition of the diagnosis in our study allowed us to use

positive results of serological tests, although their sensitivity

and specificity are still insufficient. However, serological tests

are frequently used in Japan, because positive culture results

are still rare, and invasive examinations such as histopatho-

logical tests are difficult to perform in severely ill patients.

Therefore, empiric antifungal treatment is usually started

when a serological test is positive. Of the 6 patients with

candidemia included in the efficacy evaluation, 1 patient was

diagnosed on the basis of a positive serological result.

Patients who received the study drug for less than 7 d were

excluded from efficacy analysis. Considering the effects on

mouse models of fungus infection and the blood levels

obtained in human pharmacokinetic study, more than 7 d of

continuous treatment might be necessary for micafungin to

exert its action. This exclusion criterion was applied to 2

patients with IPA, and to 2 with candidemia (1 with negative

blood culture). For reference, we conducted re-analysis

including the patients formerly excluded only because of

insufficient duration of treatment (less than 7 d) as

‘ineffective’ cases (2 patients with IPA and 1 candidemia),

and we excluded 1 candidemia patient with a negative blood

culture from the original analysis. As a result, the overall

clinical response rates were 50% (6/12) for IPA, 55% (24/44)

for all aspergillosis, 83% (5/6) for candidemia, and 71% (10/

14) for all candidiasis, showing no major variation in the

efficacy of the micafungin.

Overall, micafungin was well tolerated. Adverse events

related to micafungin occurred in only 21 patients. Most of

these adverse events were of mild or moderate severity, with

the exception of 1 case of serious neutropenia. No adverse

event showed a dose-related occurrence, suggesting that

micafungin can be used without concern for serious dose-

limiting adverse events.

Caspofungin, also an antifungal belonging to echinocan-

din family has recently been used in the market and its

efficacy in IPA and esophageal candidiasis has been reported

(12, 13). Although micafungin showed an efficacy in

aspergillosis and candidiasis in this open study, this effect

needs to be confirmed by a large-scale study, including a

double-blind comparative study. A recent comparative study

revealed that micafungin was superior to FLCZ in preven-

tion of fungal infection in patients who had undergone a

hematopoietic stem cell transplantation (33), and the drug

also showed an efficacy to esophageal candidiasis in patients

with HIV (34). With regard to safety, caspofungin is known

to have a potential for drug interaction with a certain

immunosuppressant. Dosage of caspofungin also needs to be

reduced in subjects with poor liver function (12). However,

micafungin is unlikely to have such potential for drug

interaction, and the necessity of dose reduction in hepatic

insufficiency. From these accumulating results, it is expected

that micafungin is a useful drug in this field.

It is concluded that treatment with micafungin as mono-

therapy seems to be effective and safe in patients with deep-

seated mycosis, suggesting that micafungin may play an

important role in the treatment of fungal infections.
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