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ABSTRACT 

Micafungin is an efficacious and well-tolerated echinocandin with in vitro and in vivo activity against a broad range of 
Candida species. The objective of this randomized, double-blind study was to examine the pharmacokinetic parameters 
of micafungin and its metabolites in a subset of adult patients with invasive candidiasis or candidemia. The study was 
conducted at 27 sites in four countries, including eight in Europe. Micafungin 100 mg/day or liposomal amphotericin B 
3 mg/kg/day were administered once daily as a 1-hour infusion in a blinded manner. The minimum duration of therapy 
was 14 days. To define plasma analyte (micafungin and metabolites) concentration-time profiles, serial blood samples 
were collected after the first dose (Day 1), and at the end of therapy (EOT). For patients who received treatment for 
longer than 2 weeks, an additional profile was obtained during Week 2. To determine plasma trough analyte concentra-
tions, blood samples were collected immediately prior to dosing on Day 2, Week 2, and EOT. In 20 evaluable, mica-
fungin-treated patients, plasma micafungin concentrations peaked at completion of the 1-hour infusion and then 
declined biexponentially. Plasma concentrations of the micafungin metabolites (M-1, M-2, and M-5) remained low 
(<1 µg/mL) throughout the study. The mean half-life and clearance of micafungin were largely unchanged with re-
peated dosing up to 28 days, and no evidence of micafungin accumulation was observed. These data provide further 
support for the predictability of micafungin pharmacokinetics in adult patients with invasive candidiasis and candidemia. 
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1. Introduction 

Invasive candidiasis and candidemia are of increasing 
concern in hospitals worldwide since they are a major 
cause of morbidity and mortality [1-3]. Reported mortal-
ity rates for Candida infections range from 10% to 76%, 
depending on patient age, concomitant diseases, ongoing 
treatments, geographic location, and pathogen species [4- 
10]. Candida albicans remains the most common Can-
dida species isolated; however, the incidence of invasive 
candidiasis and candidemia caused by non-albicans Can-
dida species is on the increase [3,11].  

Micafungin is an echinocandin antifungal agent that 
inhibits the synthesis of 1,3-β-D-glucan, an essential cell 
wall component of many pathogenic fungi (including 
Candida and Aspergillus species). In vitro [12] and in 
vivo [13,14] activity of micafungin has been reported 
against a broad range of Candida species, including 

non-albicans Candida and fluconazole-resistant Candida 
species [15]. Pharmacokinetic (PK) properties of mica-
fungin have previously been evaluated in healthy adult 
subjects as well as in patients [16-20]. Micafungin exhib-
its linear PK as the systemic exposure (area under the 
concentration-time curve [AUC] and maximum plasma 
analyte concentration [Cmax]) is proportional to the in-
creasing dose, both after a single dose and at steady state. 
A PK steady state is reached in less than 4 days [21]. The 
mean terminal half-life (t1/2) is in the range of 10 - 17 
hours [17,19]. Clearance (CL) is independent of dose and 
there is no evidence of systemic accumulation with re-
peated administration [21,22]. In humans, M-1 and M-2 
are the primary and secondary metabolites of micafungin 
and are produced by the action of arylsulfatase and cate-
chol-O-methyltransferase, respectively. Both of these 
metabolites are pharmacologically active and have com-
parable pharmacological activity [23,24]. M-5 is formed 
by hydroxylation at the side chain (ω-1 position) of 
micafungin catalyzed by cytochrome P450 isozymes. M-5 

*A poster featuring these data was presented at the 47th Interscience 
Conference on Antimicrobial Agents and Chemotherapy, Chicago, 
Illinois, September 17-20, 2007. 
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is not pharmacologically active; however, it is the major 
metabolite in the systemic circulation. 

Liposomal amphotericin B is a polyene macrolide an-
tibiotic that acts by damaging the fungal cell membrane. 
PK parameters of liposomal amphotericin B have been 
compared with amphotericin B deoxycholate in healthy 
human volunteers. The results showed triphasic plasma 
profiles with long terminal t1/2 (liposomal amphotericin B, 
152 ± 116 h; amphotericin B deoxycholate, 127 ± 30 h). 
Additionally, liposomal amphotericin B produced higher 
plasma exposures and lower volumes of distribution 
versus amphotericin B deoxycholate [25]. 

In a large, multicenter, Phase III trial in patients with 
confirmed invasive candidiasis or candidemia, micafungin 
demonstrated similar efficacy and superior tolerability 
compared with liposomal amphotericin B [26]. Here we 
report the findings of a sub-study from that trial, in which 
the PK parameters of micafungin and its metabolites in a 
subset of adult patients have been analyzed. 

2. Patients and Methods 

2.1. Study Design and Patient Selection 

This was an analysis of patient PK data from a double- 
blind, randomized, multinational, noninferiority study to 
evaluate and compare the efficacy and safety of mica- 
fungin versus the efficacy and safety of liposomal ampho- 
tericin B in the treatment of invasive candidiasis and can- 
didemia (ClinicalTrials.gov identifier: NCT00106288) 
[26]. This PK analysis was conducted using data from 
patients at 27 sites in 14 countries including eight Euro-
pean countries (Austria, Belgium, Czech Republic, France, 
Germany, Poland, Spain, and United Kingdom), Austra-
lia, Brazil, India, Thailand, the United States, and South 
Africa. Adult patients with confirmed invasive candidi-
asis or candidemia were eligible for enrollment. Centers 
were selected on the basis of their willingness to partici-
pate in the PK part of the study. Participation in the PK 
part of the study was optional, and therefore, only pa-
tients who additionally consented to participate in PK 
were selected. Details of inclusion and exclusion criteria 
have been described previously [26]. Approvals of the 
ethics committees of the participating centers were ob-
tained. All patients gave written informed consent for 
their participation. 

2.2. Treatment Regimen 

Micafungin 100 mg/day or liposomal amphotericin B  
3 mg/kg/day were administered once daily as a 1-hour 
infusion in a blinded manner. The minimum duration of 
therapy was 14 days. The maximum treatment period 
was 4 weeks, except for patients with chronic dissemi-
nated (hepatosplenic) candidiasis, Candida osteomyelitis, 

or Candida endocarditis, in which case the treatment 
lasted for up to 8 weeks. 

2.3. Blood Sampling Assays 

To define plasma analyte (micafungin and metabolites) 
concentration-time profiles, serial blood samples were 
collected after the first dose (Day 1), and at the end of 
therapy (EOT). For patients who received treatment for 
longer than 2 weeks, an additional profile was obtained 
during Week 2. During each profile, serial venous blood 
samples (2 mL) were collected at the following time 
points: prior to dosing (0 hours); at the midpoint of infu-
sion (0.5 hours); at the end of infusion (1 hour); and at 
1.5, 2, 3, 4, 6, 8, 12, 16, and 24 hours post-start-of infu-
sion. For the profile at EOT, serial venous blood samples 
were also collected at 36, 48, 60, and 72 hours post- 
start-of infusion. To determine plasma trough analyte 
concentrations, blood samples were collected immedi-
ately prior to dosing on Day 2, Week 2, and at EOT. 

2.4. Sample Handling 

Whole venous blood was drawn into a sodium heparin 
Vacutainer at each time point specified. Each blood sam-
ple was mixed well by gentle inversion and refrigerated 
(4˚C). Sample processing was completed within 8 hours 
of collection. Samples were centrifuged in a refrigerated 
centrifuge (4˚C) for 10 minutes at 3000 rpm to separate 
the plasma from the red blood cells. The plasma was di-
vided into two equal aliquots and then transferred into 
two polypropylene tubes, each containing 5 µl of phos-
phoric acid (2:1 with H2O). Plasma samples were frozen 
at –70˚C until shipment on dry ice to the bioanalytical 
laboratory. 

2.5. Assay Method 

The plasma samples for analysis of micafungin and me-
tabolites were prepared by protein precipitation using 
acetonitrile. Following centrifugation, the plasma con-
centrations of micafungin and three of its metabolites, 
M-1 (catechol form), M-2 (methoxy form of M-1), and 
M-5 (hydroxylation at the side chain) were determined 
using high-performance liquid chromatography with 
fluorescence detection at an Astellas contract laboratory 
in accordance with validated procedures [27], and in 
compliance with the principles of Good Laboratory Prac-
tice. The lower limits of quantification of micafungin and 
metabolites M-1, M-2, and M-5 in plasma were all 0.05 
µg/mL. The inter-assay precision of quality control sam-
ples analyzed throughout the study, as measured by the 
coefficient of variation, was less than 6% for all analyses 
at all concentrations. Inter-assay accuracy varied between 
96.4% and 102.1%. 
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2.6. Pharmacokinetic Analysis only, was estimated using the following formula: 

CL = Dose/AUC               (1) Patients with evaluable profiles were those where it was 
possible to calculate PK parameters. Only patients with 
two evaluable PK profiles (Day 1 and EOT) were in-
cluded in the analysis. Plasma samples taken from pa-
tients who received liposomal amphotericin B were not 
assayed and therefore, there are no PK data for these pa-
tients.  

where AUC is AUC0-∞ for Day 1 and AUC0-24 for EOT. 
To evaluate micafungin accumulation, AUC0-∞ calcu-

lated after the first dose (Day 1) was compared with 
AUC0-24 at Week 2 and AUC0-24 at EOT. 

3. Results 
The Cmax and time to attain Cmax (Tmax) were deter-

mined from individual plasma analyte concentration-time 
profiles. Area under the plasma analyte concentra-
tion-time curves to 24 hours (AUC0-24), to infinity 
(AUC0-∞), and to 72 hours (AUC0-72) for the EOT profile 
only, were developed using the linear/logarithmic trape-
zoidal rule without any weighting scheme. For the de-
termination of the analyte t1/2, a minimum of three con-
secutive analyte concentration-time points on the termi-
nal log/linear decline phase were used, and t1/2 was cal-
culated using the default algorithm within the WinNonlin 
ProVersion 4.0.1 Enterprise (Pharsight Corporation, 
Mountain View, California, USA). CL for micafungin  

3.1. Patients 

In total, 101 patients were enrolled into the PK sub-study, 
45 of whom were treated with micafungin. Of those, 20 
micafungin-treated patients provided evaluable PK pro-
files and only their data were included in the PK analyses 
(Figure 1). Their demographic characteristics are pre-
sented in Table 1. Most patients were male and most 
were Caucasian. Other races were Thai (three), black 
(one), Asian Indian (one), mulatto (one), and Cape col-
ored (one). The mean age of patients was 50 years (range 
18 - 84 years) and the mean weight was 67 kg (range 48 - 

03 kg). 1 
 

 

n = 45 

 

Figure 1. Patient disposition. *Patients received at least a first dose of study medication on Day 1. †Patients who received all 
doses of study medication and provided evaluable PK profiles on Day 1 and end of therapy. IC, invasive candidiasis; PK, 
pharmacokinetics. 
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Table 1. Demographics of patients included in the pharma-
cokinetics analysis. 

 N Age (years) Weight (kg) 

All patients 20 49.5 ± 18.7 67.1 ± 14.3 

Sex    

Male 13 46.2 ± 17.7 66.2 ± 12.4 

Female 7 54.9 ± 20.2 68.6 ± 17.9 

Race    

Caucasian 13 53.9 ± 17.3 72.6 ± 14.0 

Thai 3 37.8 ± 11.0 53.5 ± 5.5 

Black 1 78 69 

Asian Indian 1 38 60 

Mulatto 1 36 60 

Cape colored 1 18 51 

Data are mean ± standard deviation. 

3.2. Pharmacokinetics 

Peak plasma micafungin concentrations occurred at the 
end of the 1-hour infusion. Following the end of infusion, 
the plasma micafungin concentrations exhibited a biex-
ponential decline (Figures 2A-B). Plasma concentration 
of all metabolites remained low (<1 µg/mL) from the  

start of infusion to 24 hours after the start of infusion 
(Figures 2A-B). 

The plasma analyte PK parameters of patients with 
confirmed invasive candidiasis or candidemia who were 
treated with micafungin are summarized in Table 2. The 
mean t1/2 and mean CL remained largely unchanged after 
repeated dosing with micafungin for 14 or 28 days.  

AUC0-24 at Week 2 was 109.73 µg h/mL and AUC0-24 
at EOT was 107.41 µg h/mL. The ratios of AUC0-24 at 
Week 2 and EOT to AUC0-∞ Day 1 (measure of mica-
fungin accumulation) were 1.06 and 1.04, respectively 
(Table 3). 

Relative to micafungin, metabolites M-1 and M-2 ac-
counted for only 12% and 2% of the systemic exposure 
at EOT, respectively. The most abundant metabolite in 
plasma was M-5, which accounted for 11% of the sys-
temic exposure on Day 1 and 17% at EOT (relative to 
micafungin). 

4. Discussion 

This analysis characterized the PK of micafungin and its 
metabolites in a small subset of adult patients with con-
firmed invasive candidiasis or candidemia. Micafungin 
did not accumulate beyond a level expected for a drug 
with linear PK following repeated daily dosing for 14 or 

8 days. CL did not significantly vary over the period of  2 
 

 

Figure 2. Mean plasma concentration-time profiles of micafungin and metabolites M-1, M-2, and M-5 on (A) Day 1 and 
(B) EOT. 
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Table 2. Key pharmacokinetic parameters of micafungin and metabolites (M-1, M-2, and M-5) at Day 1 and EOT. 

 Cmax (µg/mL) Tmax (h) 
AUC0-24  

(µg h/mL) 
AUC0-∞  

(µg h/mL) 
t1/2 (h) CL (mL/h) 

Micafungin 

N 20 20 20 20 20 19 
Day 1 

Mean ± SD 5.69 ± 2.15 1.69 ± 1.28 56.64 ± 30.10 83.25 ± 51.07 14.47 ± 7.01 1441 ± 728 

N 20 20 20 20 20 20 
EOT 

Mean ± SD 10.05 ± 4.37 1.22 ± 0.69 97.11 ± 28.97 137.18 ± 42.92 13.37 ± 1.99 1168 ± 561 

M-1 

N 20 15 20 1 1 N/A 
Day 1 

Mean ± SD 0.119 ± 0.203 20.03 ± 8.43 1.235 ± 2.845 39.931* 31.17* N/A 

N 20 19 20 19 19 N/A 
EOT 

Mean ± SD 0.536 ± 0.297 13.12 ± 11.31 10.946 ± 6.194 57.380 ± 35.414 62.91 ± 39.87 N/A 

M-2 

N 20 1 20 1 1 N/A 
Day 1 

Mean ± SD 0.009 ± 0.041 6.00* 0.142 ± 0.633 15.586* 63.14* N/A 

N 20 16 20 13 13 N/A 
EOT 

Mean ± SD 0.080 ± 0.050 23.34 ± 20.04 1.508 ± 0.990 34.472 ± 62.170 184.03 ± 238.33 N/A 

M-5 

N 20 20 20 10 10 N/A 
Day 1 

Mean ± SD 0.449 ± 0.356 14.58 ± 7.18 7.782 ± 6.287 27.652 ± 20.071 50.53 ± 22.84 N/A 

N 20 20 20 19 19 N/A 
EOT 

Mean ± SD 0.861 ± 0.792 9.93 ± 10.66 15.528 ± 11.426 39.821 ± 31.440 23.11 ± 7.05 N/A 

AUC, area under the curve; Cmax, maximum plasma analyte concentration; CL, clearance; EOT, end of therapy; N/A, not applicable; SD, standard deviation; 
Tmax, time to attain Cmax; t1/2, terminal elimination half-life. *Only one patient. 

 
Table 3. Comparison of AUCinf at day 1 with AUC0-24 at week 2 and EOT. 

N 
AUC0-inf Day 1 

(µg h/mL) 
AUC0-24 Week 2 

(µg h/mL) 
AUC0-24 EOT 

(µg h/mL) 
Ratio 1 

(AUC0-24 week 2: AUC0-∞ Day 1) 
Ratio 2 

(AUC0-24 EOT: AUC0-∞ Day 1) 

8 103.27 109.73 107.41 1.06 1.04 

AUC, area under the curve; EOT, end of therapy. 

 
the study. Systemic exposure to metabolites, M-1, M-2, 
and M-5 was low throughout the study. This supports the 
assertion that metabolites of micafungin do not contrib-
ute greatly to the therapeutic antifungal effectiveness of 
micafungin.  

Importantly, the PK profile of micafungin in this popu- 
lation of adult patients with invasive candidiasis or can- 
didemia was similar to that previously observed with the 
same dose in healthy adult volunteers [16,18,19]. There- 
fore, PK parameter values obtained in studies in healthy 
adults appear to be predictive of those in the target pa- 
tient population. 

A key limitation of this sub-study is the small number 
of patients enrolled, restricting the extent to which the 
results can be extended to this patient population in gen-
eral. Nevertheless, the data appear to support the pre-
dictability of PK parameters of micafungin in the target 
population of adult patients with invasive candidiasis or 
candidemia. 

5. Conclusion 

These data provide further support for the predictability 
of micafungin pharmacokinetics in adult patients with 
invasive candidiasis and candidemia. 
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