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Relationship between the initial dose of micafungin and its effi cacy in 
patients with candidemia

of candidemia.4,5 Micafungin, the fi rst licensed echinocandin 
in Japan, has also shown excellent in vitro and in vivo activ-
ity against all Candida spp.6 Clinical trials of micafungin as 
a prophylaxis against candidemia in stem cell transplant 
patients and for the treatment of esophageal candidiasis 
have also shown excellent effi cacy and safety.7–11 However, 
two important queries remain regarding micafungin treat-
ment for candidiasis. First, uncertainty exists regarding its 
effectiveness against C. parapsilosis. Certain studies have 
demonstrated that, in contrast to their potent activity against 
most Candida spp., echinocandins, including micafungin, 
had lower levels of activity against C. parapsilosis.12,13 
However, in a recently published report, micafungin pro-
duced high treatment response rates across all organisms, 
including C. parapsilosis (86.4%).6 The second question is: 
What dose of micafungin is appropriate for the initial treat-
ment of candidemia? At dosages of 0.5–2 mg/kg, micafungin 
shows a linear disposition and achieves potentially thera-
peutic drug concentrations in plasma and tissues that are 
common sites of invasive fungal infections in healthy 
rabbits.14 When administered at doses of 1 mg/kg or higher, 
micafungin was highly effective (in a dose-dependent 
fashion) at reducing the organ burden in disseminated 
sepsis caused by C. tropicalis in a persistently neutropenic 
mouse model, and higher doses of micafungin (2–10 mg/kg) 
were the only treatment regimes able to reduce C. tropicalis 
cfu to below detectable levels in organs.15 It was also dem-
onstrated in a human study that micafungin shows a greater 
effi cacy at 100 and 150 mg/day than at 50 mg/day in patients 
with HIV-associated esophageal candidiasis.16 In candi-
demia, doses of micafungin in the range 75–150 mg/day 
resulted in higher response rates (>90%) than those of 
75 mg/day or less, although the clinical effi cacy of micafun-
gin at doses of 150 mg/day or more remains to be deter-
mined owing to the small number of patients.6 In addition, 
the maximum tolerated dose (MTD) of micafungin was not 
reached even at doses up to 200 mg/day for 4 weeks in adult 
patients undergoing bone marrow or peripheral stem cell 
transplantation.17 It is therefore very important to deter-
mine the initial appropriate dose of micafungin for the 
treatment of candidemia. The purpose of this study was to 
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Abstract Micafungin, the fi rst licensed echinocandin in 
Japan, has shown excellent in vitro and in vivo activity 
against all Candida species. However, the appropriate dose 
for the initial treatment of candidemia remains to be deter-
mined. In this study, we retrospectively examined the rela-
tionship between the clinical outcome of candidemia and 
the initial dose of micafungin. Patients were divided into 
two groups according to the initial dose of micafungin 
administered: group I (<2.25 mg/kg/day) and group II 
(≥2.25 mg/kg/day). Micafungin produced an excellent 30-
day clinical response in patients with candidemia, including 
Candida parapsilosis; the overall 30-day clinical response 
was 86%. The administration of higher doses of micafungin 
accelerated the clinical response and duration until the 
clinical response in group II was signifi cantly shorter than 
that in group I (P = 0.021). However, no signifi cant differ-
ences were observed in the 30-day mortality attributable to 
the fungal infection between the two groups. Considering 
these results, we recommend the administration of 2.25 mg/
kg/day or more of micafungin in the initial treatment of 
patients with candidemia.

Key words Micafungin · Candidemia · Candida · C. parap-
silosis · Echinocandin

Introduction

The echinocandins are a new class of antifungal drugs that 
inhibit β-1,3-D-glucan synthesis.1–3 Experimental and clini-
cal data for caspofungin, the fi rst licensed echinocandin in 
the USA and Europe, have been excellent for the treatment 
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examine the relationship between the clinical outcome of 
candidemia and the initial dose of micafungin.

Material and methods

Study population

All patients with candidemia who were initially treated with 
micafungin during the period from April 2003 through 
March 2006 at the University of Tokyo Hospital (a teaching 
hospital of 1200 beds) were enrolled in this study. Patients 
were evaluated for the outcome analysis if they received 
continuous unchanged therapy with micafungin for ≥7 days. 
Patients were divided into two groups according to their 
initial dose of micafungin: group I (<2.25 mg/kg/day) and 
group II (≥2.25 mg/kg/day). The cut-off dose, 2.25 mg/kg/
day, was the micafungin dose which made a maximal differ-
ence in 30-day clinical response between the two groups. 
The ethical committee of the University of Tokyo approved 
this project.

Evaluation of clinical background

The clinical courses of the patients were retrospectively 
reviewed to determine the following demographic charac-
teristics: age, sex, underlying disease (cancer, diabetes 
mellitus, use of steroids or immunosuppressive agents, or 
neutropenia), and severity of illness. To measure the sever-
ity of their illness, the acute physiology and chronic health 
evaluation (APACHE) II score was used.18 In addition, the 
type of candidemia (catheter-related or non-catheter-
related) was also determined. The effi cacy end-points were 
30-day mortality and 30-day clinical response. We also 
examined the duration until a clinical response in cases that 
showed a clinical response within 30 days. The clinical 
response was evaluated on the investigator’s assessment of 
the clinical and mycological response, including improve-
ments in attributable signs and symptoms, infl ammatory 
markers (WBC and CRP), and radiographic abnormalities, 
in addition to a negative culture of the infecting Candida 
spp. from blood and the primary site of infection. The dura-
tion of the micafungin treatment was also determined. 
Hematological investigations and serum chemistry were 
performed at least twice weekly during therapy.

Defi nition

Candidemia was defi ned as at least one blood culture which 
was positive for Candida spp. in the presence of signs and 
symptoms of infection. Catheter-related blood-stream 
infection (CR-BSI) for Candida spp. was defi ned as candi-
demia in a patient with an intravascular catheter whose 
culture was positive for the same Candida spp. and who had 
no other sources of Candida infection.19 Non-catheter-
related blood-stream infection (non-CR-BSI) was defi ned 
as candidemia which did not meet the conditions of CR-
BSI. The onset of candidemia was defi ned as the day of the 

fi rst positive blood culture. Candidemias that occurred >30 
days after the initial case were considered to be new cases. 
Potential risk factors were considered relevant if they were 
present within 30 days prior to the onset of candidemia. 
Neutropenia was defi ned as an absolute neutrophil count of 
<1000 cells/µl. The death of a patient was considered to be 
related or attributable to the candidemic episode if it 
occurred during the phase of active infection. Only attribut-
able or related mortality was used in the analysis.

Antifungal susceptibility

Blood specimens were inoculated into BacT/ALERT FA 
bottles (bioMerieux), and the blood culture was judged to 
be positive automatically by the BacT/ALERT 3D system. 
Antifungal susceptibility assays to determine the minimum 
inhibitory concentrations (MICs) of antifungal agents were 
performed by the broth microdilution methods according 
to M27-A2 guidelines recommended by the Clinical Labo-
ratory Standards Institute (CLSI).20 The MICs of micafun-
gin for Candida spp. were defi ned as the lowest concentrations 
at which no visible growth was observed.

Statistical analysis

Relationships between categorical variables were analyzed 
with Pearson’s χ2 test. Continuous variables were compared 
using Student’s t-test. A P value of <0.05 was considered 
signifi cant. All analyses were performed with SPSS software 
for Windows (Ver.10.1).

Results

Clinical backgrounds of patients with candidemia who 
were treated with micafungin

During the 3-year surveillance period, 30 patients with can-
didemia were initially treated with micafungin. Two cases 
were excluded owing to insuffi cient data. All patients except 
one in group I were treated with micafungin alone. Of the 
28 patients, 13 were initially treated with lower doses 
(<2.25 mg/kg/day) and 15 with higher doses (≥2.25 mg/kg/
day) of micafungin. The clinical backgrounds of the patients 
in the two groups are summarized in Table 1. No signifi cant 
intergroup differences were observed in age, sex, underly-
ing disease, proportion of catheter-related candidemia, or 
severity of illness. However, the duration of micafungin 
treatment was signifi cantly longer in patients treated with 
lower doses of micafungin than in those with higher doses 
(P = 0.043).

Species distribution and antifungal susceptibility

The species distribution of candidemia is summarized in 
Table 2 parts A and C. No signifi cant differences were 
noted between the two groups. The percentage of C. parap-
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resulted in an excellent 30-day clinical response: 85.7% 
(24/28) in total, 76.9% (10/13) in group I, and 93.3% (14/15) 
in group II. Although there were no signifi cant differences 
between the two groups, treatment with a higher dose of 
micafungin led to a greater proportion of patients exhibit-
ing a 30-day clinical response. Furthermore, we compared 
the duration until clinical response in patients who improved 
within 30 days. The duration until clinical response was 21.0 
± 4.6 days in group I and 16.9 ± 3.6 days in group II, indicat-
ing that treatment with higher doses of micafungin led to a 
signifi cantly more rapid clinical improvement (P = 0.021).

Effi cacy of micafungin in patients with C. parapsilosis 
candidemia

We also analyzed the effi cacy of micafungin in patients with 
candidemia involving C. parapsilosis. Micafungin was 
administered to eight patients with C. parapsilosis candi-
demia, and showed excellent activity against this organism. 
Overall, the 30-day mortality was 0/8 (0%) and the 30-day 
clinical response was 7/8 (87.5%) (2/3 (66.7%) in group I, 
and 5/5 (100%) in group II) (Table 4).

Discussion

Appropriate initial treatment is important for treatment 
success in fungal infections. The administration of an 

Table 1. Clinical backgrounds of patients with candidemia treated with micafungin

Clinical backgrounds Group I Group II P value

Age 65.4 ± 16.9 62.5 ± 19.5 0.678
Sex (male:female) 6 : 7 6 : 9 0.521
Cancer 5/13 (38.5%) 8/15 (53.3%) 0.343
Diabetes 4/13 (30.8%) 4/15 (26.7%) 0.569
Immunosuppressive agent and/or steroid use 2/13 (15.4%) 3/15 (20%) 0.571
Neutropenia 1/13 (7.7%) 2/15 (13.3%) 0.556
CR: non-CR 7 : 6 7 : 8 0.705
Severity of illness (APACHE II >20) 5/13 (38.5%) 8/15 (53.3%) 0.343
Days of micafungin treatment 31.6 ± 3.4 27.6 ± 2.0 0.043

CR, catheter-related candidemia; non-CR, non-catheter-related candidemia; APACHE, acute 
physiology and chronic health evaluation

Table 2. Species distribution and antifungal susceptibility

(A) Candida species

Candida species Group I Group II
 (n = 13) (n = 15)

C. albicans 5 5
C. parapsilosis 3 5
C. glabrata 2 2
C. tropicalis 2 3
Others 1 0

(B) Minimum inhibitory concentration (MIC)

MIC (mg/l) Group I Group II

≤0.03 10 9
0.06  0 0
0.12  0 0
0.25  0 0
0.5  1 4
1  1 2
2  1 0
4≤  0 0

(C) Microbiological background

Microbiological Group I Group II P value
background

Candida species
A, P, nonAnonP 5 : 3:5 5 : 5:5 0.836
Micafungin MIC (≥2 mg/l) 1/13 (7.7%) 0/15 (0%) 0.464

A, C. albicans; P, C. parapsilosis; nonAnonP, Candida spp. other than 
C. albicans or C. parapsilosis

silosis was 3/13 (23%) in group I and 5/15 (33%) in group 
II. The Candida isolates showed excellent susceptibility to 
micafungin (Table 2 parts B and C). No signifi cant differ-
ences were observed in susceptibility to micafungin between 
the two groups. The micafungin MIC was ≥2 g/ml for one 
Candida isolate (C. parapsilosis).

Effi cacy of micafungin in patients with candidemia

Mortality which was attributable to the fungal infection 
within 30 days was 15% (2/13) in patients treated with lower 
doses of micafungin and 7% (1/15) in those treated with 
higher doses. No signifi cant differences were observed 
between the two groups (Table 3). Micafungin treatment 

Table 3. Clinical outcomes in patients with candidemia treated with 
micafungin

Clinical outcomes Group I Group II P value

30-day mortality  2/13 (15%)  1/15 (7%) 0.583
30-day clinical response 10/13 (77%) 14/15 (93%) 0.244
Days until clinical response 21.0 ± 4.6 16.9 ± 3.6 0.021

Table 4. Clinical outcomes in patients with C. parapsilosis candidemia 
treated with micafungin

Clinical outcomes Total Group I Group II

30-day mortality 0/8 0/3 0/5
30-day clinical response 7/8 2/3 5/5
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appropriate dose of antifungal agents is also pivotal. It was 
recently reported that the dose-dependent properties of 
fl uconazole, and under-dosing fl uconazole against less-sus-
ceptible Candida isolates, have the potential to increase the 
risk of mortality associated with candidemia.21 However, at 
present it remains to be determined what dose of micafun-
gin we should administer for the initial treatment of patients 
with candidemia. In the present study, micafungin showed 
a high treatment success rate (87.5%) across all organisms, 
including C. parapsilosis. The overall success rates exceeded 
85% in total, and reached 90% in patients with candidemia 
who were treated with at least 2.25 mg/kg/day of micafungin 
(Table 3). The response rate seen in this study is in the same 
range as that previously reported for micafungin.6 Although 
no signifi cant differences were observed in the 30-day mor-
tality between the two groups, an initial treatment with the 
higher dose of micafungin led to a signifi cantly earlier clini-
cal response (Table 3). In a previous report, lower response 
rates were seen with doses over 150 mg/day.6 However, this 
might have been related to dose escalation in the sickest 
patients, or to the small number of patients in that dosage 
range. In contrast, the severity of illness and the number of 
patients did not differ signifi cantly between the two groups 
in our study. Furthermore, the mean duration of micafungin 
administration was signifi cantly shorter in patients treated 
with higher doses. This refl ected the earlier clinical responses 
in these patients. It is our current practice to use antifungal 
agents for an additional 1 or 2 weeks after a clinical response 
is obtained. However, on the basis of our results, the 
duration of micafungin treatment might be shortened. In 
addition, our study might also imply the possibility of 
“de-escalation” therapy of micafungin.

This study has several limitations. It was a retrospective 
analysis with relatively few patients. Moreover, the selec-
tion of patients who were treated with micafungin might 
have been biased. However, about half of the patients with 
candidemia were treated with micafungin during the study 
period, and the species distribution seen in this study is very 
similar to that seen in contemporary epidemiological 
studies.4,22–25 Furthermore, the majority of the patients in 
this study were those with cancer in surgical wards. The fact 
that the proportion of patients with neutropenia or other 
forms of immunosuppression was relatively low might have 
contributed to a higher treatment success. It is particularly 
notable that all except one patient in group I were treated 
with micafungin alone in this study, and these cohorts are 
therefore suitable for analyzing the effi cacy of micafungin 
in candidemia. In addition, we present good evidence that 
an initial treatment with higher doses of micafungin is better 
than treatment with lower doses, because there were no 
signifi cant differences in clinical background, including 
severity of illness, between the two groups. Nonetheless, a 
prospective study will naturally be needed to determine at 
which dose of micafungin we should start to treat patients 
with candidemia.

Micafungin was well tolerated, as previously reported,15 
and during treatment we observed no episodes of South-
west Oncology Group (SWOG) grade 3 or higher adverse 
effects causing treatment interruption. In conclusion, 

micafungin produced an excellent clinical response, and the 
administration of doses of ≥2.25 mg/kg/day were most useful 
for patients with candidemia. This corresponds to ≥150 mg 
of micafungin in Japanese patients with standard 
constitutions.
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