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Abstract Micafungin is an echinocandin with potent

activity against a broad range of fungal species, including

Candida species. The pharmacokinetic and safety profiles

of micafungin have been evaluated in individuals with

mild-to-moderate hepatic dysfunction, but not in individ-

uals with severe hepatic dysfunction. Therefore, the present

study assessed the pharmacokinetics and safety of a single

100 mg dose of micafungin in healthy subjects (n = 8) and

subjects with severe hepatic dysfunction (n = 8). Mean

maximum plasma concentration of micafungin and mean

area under the plasma micafungin concentration–time

curve extrapolated to infinity were lower in subjects

with severe hepatic dysfunction (7.3 ± 2.4 lg/mL and

100.1 ± 34.5 h�lg/mL, respectively) than in subjects

with normal hepatic function (10.3 ± 2.5 lg/mL and

142.4 ± 28.9 h�lg/mL, respectively). Mean clearance

was higher in subjects with severe hepatic dysfunction

(1,098 ± 347 mL/h) than in subjects with normal hepatic

function (728 ± 149 mL/h). Concentrations of albumin in

subjects with severe hepatic dysfunction were lower.

Assessments of micafungin plasma protein binding sug-

gested that the higher clearance in subjects with severe

hepatic dysfunction may be due to higher unbound con-

centrations. However, the magnitude of the differences was

not considered clinically meaningful and is comparable

with exposures reported elsewhere for a 100-mg dose in

patients treated for invasive candidiasis. Thus, dose

adjustment in subjects with severe hepatic dysfunction is

not warranted. Micafungin was well tolerated in all sub-

jects throughout the study.

Keywords Hepatic � Liver � Micafungin �
Pharmacokinetics � Safety

1 Introduction

Candidaemia and invasive candidiasis are the most com-

mon invasive fungal infections, and the incidence of these

serious diseases is rising (Pfaller and Diekema 2007). In

Europe, Candida albicans is responsible for [50 % of

cases of invasive candidaemia; however, non-albicans-

related Candida infections are also increasing (Lass-Flörl

2009).

Micafungin is an injectable echinocandin antifungal

agent that displays potent activity against a broad range of

Candida species (Jarvis et al. 2004; Messer et al. 2006). It

has demonstrated efficacy similar to that of liposomal

amphotericin B and caspofungin for the treatment of

invasive candidiasis and candidaemia (Kuse et al. 2007;

Pappas et al. 2007) and to that of fluconazole for the

treatment of oesophageal candidiasis (de Wet et al. 2005).

Moreover, it exhibits superior efficacy and comparable

safety to fluconazole for the prophylaxis of invasive fungal

infections in patients undergoing haematopoietic stem cell

transplantation (van Burik et al. 2004).

Micafungin is metabolised in the liver and is mainly

excreted in bile (Fromtling 2002); it undergoes metabolism

to three metabolites: M-1, formed by metabolism of the

parent drug; M-2, formed by degradation of M-1; and M-5,
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formed by hydroxylation of the side chain of micafungin

by CYP450 enzymes. However, metabolism by the

CYP450 system plays only a minor role in the degradation

of micafungin (Wiederhold and Lewis 2007).

Previous pharmacokinetic (PK) studies of micafungin

have been conducted in healthy adults (Hebert et al. 2005a,

b, c; Keirns et al. 2007), HIV-positive adults with con-

firmed oesophageal candidiasis (Undre et al. 2012a), adults

and children with invasive candidiasis and candidaemia

(Undre et al. 2012b, c), neonates with suspected candida-

emia or invasive candidiasis (Benjamin et al. 2010) and

subjects with mild-to-moderate hepatic dysfunction (He-

bert et al. 2005b). The recommended daily dose for the

treatment of adults with invasive candidiasis and candida-

emia is 100 mg. This results in the following mean steady-

state PK parameters: area under the plasma concentration–

time curve over dosage time interval 0–24 h (AUC0–24),

97 h�lg/mL; maximum plasma concentration (Cmax),

10.5 lg/mL; clearance (CL), 1,168 mL/h and half-life (t�),

14–15 h (Undre et al. 2012b).

In a study in subjects with moderate hepatic dysfunction

(Child–Pugh score 7–9), AUC extrapolated to infinity

(AUC?) and Cmax of micafungin were lower, and CL

higher, compared with healthy subjects, but the differences

were not considered to be clinically relevant (Hebert et al.

2005b). Exposure was comparable with that observed for a

100-mg dose in patients treated for invasive candidiasis

(Undre et al. 2012b). Thus, dose adjustment was not con-

sidered necessary in subjects with mild-to-moderate hepa-

tic dysfunction. However, there are no data on the PK and

safety of micafungin in individuals with severe hepatic

dysfunction. Therefore, this study was designed to char-

acterise the PK and safety profiles of micafungin following

administration of a single dose of 100 mg to individuals

with severe hepatic dysfunction.

2 Methods

2.1 Subjects and study design

This was a single-dose, open-label study in which subjects

with severe hepatic dysfunction (Child–Pugh score 10–12)

and healthy, control subjects were enrolled and matched

1:1 for age (within 10 years), weight (within 20 %), sex

and race. All subjects were aged between 18 and 75 years

and within 35 % of their ideal body weight. Subjects were

excluded from the study if they had received any pre-

scribed systemic or topical medication within 14 days of

receiving study drug, non-prescribed systemic or topical

medication within 7 days (except vitamin or mineral

supplements or paracetamol or contraceptives in healthy

females) or any medications known to chronically alter

drug absorption or elimination within 30 days. Subjects

were also excluded if they had participated in a clinical

study of a drug within the previous month, had a known

history of lactose or gluten intolerance, clinically signifi-

cant allergic disease, other significant illness within

3 months of the start of the study, multiple drug allergies

or allergy to the micafungin drug class, supine blood

pressure and supine pulse rate at screening higher than

150/100 mmHg and 100 beats per min, respectively, or

lower than 100/50 mmHg and 40 beats per min, respec-

tively, positive drug screen, pregnancy test or test for HIV

antibodies or clinically relevant coagulation abnormalities.

In addition, any subjects with medical history or clinical

or laboratory findings indicative of acute or chronic dis-

ease that, in the opinion of the investigator, might influ-

ence study outcome, a history of any clinically significant

neurological, gastrointestinal, renal, hepatic, cardiovascu-

lar, psychiatric, respiratory, metabolic, endocrine, haema-

tological or other major disorder (normal hepatic

function), or an invasive infection that required treatment

(severe hepatic dysfunction) were also excluded from the

study.

Eligibility was assessed by physical examination, vital

signs, 12-lead electrocardiogram, drug and alcohol screen,

clinical laboratory parameters and medical history con-

ducted B15 days before administration of study drug (Day

1) with confirmation of eligibility criteria on Day 1. On

Day-1, all subjects received a single dose of micafungin

100 mg. All eligible subjects were hospitalised for the

study period (Day-1 to Day 5).

Written, informed consent approved by the local inde-

pendent ethics committee, the Ethics Committee of the

Faculty of Health Sciences of the University of the Free

State and the South African Medicines Control Council

was obtained from all participants prior to all study pro-

cedures. The study was conducted in accordance with the

principles set forth in the Declaration of Helsinki as

amended in Tokyo, 2004, and the Guidelines of the Inter-

national Conference on Harmonization on Good Clinical

Practice.

2.2 Chemicals and drugs

Micafungin was supplied in vials containing lyophilised

micafungin powder 50 mg plus lactose 200 mg, together

with 0.9 % sodium chloride solution for injection in

250 mL infusion bags.

2.3 Drug administration

On Day 1 each subject received a single infusion of mi-

cafungin 100 mg at a constant rate of 100 mL/h for 1 h,

administered intravenously via a cannula. Each subject
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received a total of 100 mL of intravenous dosing solution.

Subjects remained supine during the entire infusion period.

2.4 Blood sampling and assays

Blood samples (10 mL) were collected by venous punc-

ture or indwelling cannula of a forearm vein or veins

(opposite arm to that receiving the infusion) into sodium

heparinized tubes at the following times: pre-dose (0 h),

0.5, 1 h (end of infusion), 1.25, 1.5, 2, 3, 4, 6, 8, 12, 16,

24, 36, 48, 60, 72 and 96 h after the start of the mica-

fungin infusion.

Plasma samples were prepared by protein precipitation

using acetonitrile. Samples were centrifuged within

30 min of collection at 3,000 rpm for 10 min at *4 �C.
For each sample, four aliquots of 0.5 mL of the resulting

plasma fraction were prepared for PK analyses. The

plasma concentrations of micafungin and its metabolites

were determined using high-performance liquid chroma-

tography with fluorescence detection following validated

procedures (Groll et al. 2001; Yamato et al. 2002). The

lower limit of quantification (LLOQ) of plasma micafun-

gin and its metabolites M-1, M-2 and M-5 was 0.05 lg/
mL.

In addition, two aliquots of plasma (1 mL each), from

the blood samples collected 8 and 24 h after the start of

infusion, were used for determination of micafungin

plasma protein binding using an ultracentrifugation

method. Protein-bound and unbound micafungin were

separated using an ultrafiltration system (Centrifree� MPS-

3, Millipore, Merck KGaA, Darmstadt, Germany). Plasma

samples were added to the filter reservoir of a micro-par-

tition ultrafiltration device and centrifuged at 3,000 rpm for

15 min at 37 �C. The resulting ultrafiltrate was analysed

for unbound micafungin levels. The ratio of unbound mi-

cafungin to total micafungin in plasma was calculated as

ultrafiltrate concentration/plasma concentration.

2.5 PK analysis

The PK parameters determined for micafungin and its

metabolites were Cmax, AUC0–24, AUC from time 0 to the

last quantifiable concentration (AUClast), AUC?, t�, CL

(micafungin only), volume of distribution (Vz; micafungin

only) and volume of distribution at steady state (Vss; mi-

cafungin only).

The Cmax was obtained directly from plasma micafungin

concentration–time data. AUC0–24 and AUClast were cal-

culated from the time of dosing to either the end of the

dosing period or to the last measurable concentration of

micafungin, respectively, by numeric integration using the

linear trapezoidal rule for ascending concentrations and the

log trapezoidal rule for descending concentrations, i.e.,

AUCð0�tÞ ¼
Xn�1

i¼0

tiþ1�ti

2
Ci þ Ciþ1ð Þ; ð1Þ

where n is the number of data points, 0 ¼
t0\t1\ � � �\tn\t are sampling times, and Ci is plasma

micafungin concentration from the sample at ti. AUC? was

estimated using

AUC1 ¼ AUCð0�tÞ þ
Ct

Ke

; ð2Þ

where Ct is the last measurable plasma concentration of

micafungin and Ke is the apparent terminal rate elimination

constant obtained by log-linear regression of the terminal

phase data. The t1/2 values were defined using

t1=2 ¼
lnð2Þ
Ke

: ð3Þ

Plasma CL were calculated using the following formula:

CL ¼ FD

AUC1
; ð4Þ

where F is the fraction of dose absorbed (which is

presumed to be 1 as it was an IV infusion) and D is the

dose amount. Apparent Vz were calculated using

Vz ¼
FD

C0

; ð5Þ

where C0 is the extrapolated plasma micafungin

concentration at time 0. Lastly, Vss was calculated as

Vss ¼
DðAUMC1Þ
ðAUC1Þ2

; ð6Þ

where AUMC is the area under the first-moment curve.

2.6 Safety assessments

Subjects were monitored for adverse events (AEs)

throughout the study. Additional safety evaluations com-

prised vital signs assessment, physical examination,

12-lead electrocardiograms, urinalysis and urine micros-

copy and clinical laboratory measurements.

2.7 Statistical analysis

The PK analysis set included all subjects with evaluable

PK data who completed the study. The safety analysis set

included all subjects who received micafungin treatment.

Descriptive statistics were used to analyse subject demo-

graphics, laboratory measurements, vital signs and PK

data. Log-transformed values of Cmax, AUC0–24, AUClast,

AUC?, t� and CL were analysed using an analysis of

variance model with group as main effect using PROC

MIXED of SAS (Version 8.2; SAS� Institute Inc., Cary,
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NC, USA). The mean ratios and 90 % confidence intervals

(CIs) for the mean differences on the logarithmic scale

were transformed to obtain point estimates and 90 % CIs

for the respective mean ratios. 90 % CIs in the acceptance

range of 80–125 % were used to determine whether severe

hepatic dysfunction altered the extent of micafungin

exposure.

For subjects with severe hepatic dysfunction, multivar-

iate linear regression analysis with stepwise selection was

used to investigate the relationship between Cmax, AUC?

and CL for each plasma analyte (micafungin, M-1, M-2

and M-5) and hepatic function explanatory parameters (i.e.

Child–Pugh score, plasma albumin, total bilirubin, pro-

thrombin time and international normalised ratio).

All analyses, including calculation of PK parameters,

were conducted by a central laboratory (FARMOVS-

PAREXEL, Bloemfontein, South Africa) using WinNon-

lin� Professional (Version 5.0.1, Pharsight Corporation,

Mountain View, CA, USA).

3 Results

3.1 Subjects

Eight subjects with severe hepatic dysfunction and eleven

subjects with normal hepatic function were included in this

study. These 19 subjects comprised the safety analysis set.

However, three of the subjects with normal hepatic func-

tion were excluded from the PK analysis due to protocol

violations (involving processing of plasma aliquots from

blood samples). Thus, the PK analysis set comprised the

eight subjects with severe hepatic dysfunction and eight

with normal hepatic function. Demographic characteristics

of the study participants are shown in Table 1. Subjects

were well matched for age, sex and body weight.

3.2 PK analysis

Mean plasma concentration versus time curves of mica-

fungin in subjects with severe hepatic dysfunction and

those with normal hepatic function are shown in Fig. 1. At

each time point, the mean plasma micafungin concentra-

tion was lower in subjects with severe hepatic dysfunction

compared with normal healthy subjects.

A summary of the micafungin PK parameters obtained

in subjects with severe hepatic dysfunction and healthy

subjects is shown in Table 2. Mean Cmax, AUC0–24,

AUClast and AUC? were lower in subjects with severe

hepatic dysfunction compared with healthy subjects. The

mean ratios for Cmax and AUC? were 69.2 % (90 % CI

51.3–93.5) and 68.2 % (90 % CI 50.8–91.5), respectively.

However, mean CL, Vz and Vss were higher in subjects with

severe hepatic dysfunction compared with healthy subjects

(mean ratio for CL was 146.7 % [90 % CI 109.3–196.8]),

while mean t� was similar in both groups.

Mean plasma concentration versus time curves of the

metabolites M-1 and M-5 are shown in Fig. 2. Plasma

concentrations of M-2 were below LLOQ (0.05 lg/mL) at

all time points; therefore, no PK parameters were derived

for this metabolite. Plasma concentrations of M-1 metab-

olite were below LLOQ in all subjects with severe hepatic

dysfunction at all time points B12 h post-dosing and in all

but one subject with severe hepatic dysfunction at the 16-h

post-dose time point. Plasma concentrations of the M-1

metabolite were also below LLOQ in all subjects with

normal hepatic function at all time points up to 16 h post-

dosing. From 24 h post-dosing, mean M-1 plasma con-

centrations were similar in both groups.

For all subjects with severe hepatic dysfunction, plasma

concentrations of M-5 metabolite were measurable from

1–75 h post-dosing, but below LLOQ for three of these

subjects at the 96-h post-dose time point. For all healthy

subjects, plasma concentrations of M-5 metabolite were

measurable from 1.5–60 h post-dosing and below LLOQ at

the 96-h post-dose time point. At all time points, mean M-5

metabolite plasma concentrations were higher in subjects

with severe hepatic dysfunction compared with healthy

subjects.

A summary of the PK parameters of the M-1 metabolite

in subjects with severe hepatic dysfunction and in healthy

subjects is shown in Table 3. Mean AUC? and t� were

lower in subjects with severe hepatic dysfunction com-

pared with healthy subjects. Point estimates for the ratios

of AUC? and t� between the two groups were 79.5 %

(90 % CI 44.9–140.8) and 70.0 % (90 % CI 29.4–166.5),

respectively. Mean Cmax was similar in both groups.

PK parameters for the M-5 metabolite in subjects with

severe hepatic dysfunction and in subjects with normal

Table 1 Subject demographics

Subjects with

severe hepatic

dysfunction

Subjects with

normal hepatic

function

Number of subjects (n) 8 8

Male, n (%) 5 (62.5) 5 (62.5)

Age, mean (SD), years 54.5 (8.6) 50.1 (6.3)

Weight, mean (SD) (kg) 73.2 (20.2) 70.2 (15.5)

Race, n (%)

White 2 (25.0) 2 (25.0)

Coloureda 4 (50.0) 0

Mixed race 2 (25.0) 6 (75.0)

SD standard deviation
a Ethnic group as defined in a South African context
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hepatic function are summarised in Table 3. Mean Cmax,

AUC0–24, AUClast and AUC? were higher in subjects with

severe hepatic dysfunction compared with healthy subjects.

Point estimates for the ratios of Cmax and AUC? were

227.5 % (90 % CI 155.2–333.5) and 231.8 % (90 % CI

152.3–352.7), respectively. However, the t� of M-5 was

similar in both subject groups.

To examine a potential cause for the different PK pro-

files between the study groups, free plasma protein con-

centrations were evaluated in eight subjects with severe

hepatic dysfunction and 11 healthy subjects. Mean serum

albumin concentrations were lower in subjects with severe

hepatic dysfunction [24.3 ± 7.1 g/L (Day 1), 22.6 ± 6.9 g/L

(Day 2) and 24.3 ± 8.6 g/L (Day 5)] compared with healthy

subjects [39.4 ± 2.1 g/L (Day-1), 36.5 ± 3.2 g/L (Day 2)

and 38.5 ± 3.1 g/L (Day 5)].

Plasma protein binding of micafungin was assessed in

all subjects but was only measurable in five subjects with

severe hepatic dysfunction and three healthy subjects. The

ratios of unbound plasma micafungin concentration

(ultrafiltrate) to total plasma micafungin concentration

ranged from 0.024 to 0.139 (86.1–97.6 % protein binding)

in subjects with severe hepatic dysfunction and from 0.010

to 0.076 (92.4–99.0 % protein binding) in healthy subjects.

Ultrafiltrate micafungin concentrations were below LLOQ

in the remaining subjects.

Linear regression analyses, conducted to examine the

relationships between PK parameters and hepatic

Fig. 1 Plasma micafungin

concentration versus time

profiles (geometric mean ± SD)

for subjects with severe hepatic

dysfunction (n = 8) and normal

hepatic function (n = 8)

Table 2 PK parameters of micafungin [geometric mean (SD)] in subjects with severe hepatic dysfunction and normal hepatic function

Parameter Subjects with severe

hepatic dysfunction (n = 8)

Subjects with normal

hepatic function (n = 8)

ANOVA results

Mean ratio (%)a (90 % CI) Coefficient of variation (%)

Cmax (lg/mL) 7.3 (2.4) 10.3 (2.5) 69.2 (51.3–93.5) 28.5

AUC0–24 (h�lg/mL) 71.6 (24.5) 96.8 (20.7) 72.0 (53.6–96.5) 27.9

AUClast (h�lg/mL) 98.2 (34.3) 140.6 (29.0) 67.7 (50.4–91.1) 28.2

AUC? (h�lg/mL) 100.1 (34.5) 142.4 (28.9) 68.2 (50.8–91.5) 27.9

t� (h) 13.7 (2.1) 14.9 (1.5) 91.2 (79.5–104.5) 12.8

CL (mL/h) 1,098 (347) 728 (149) 146.7 (109.3–196.8) 27.9

Vz (mL) 21,283 (5847) 15,742 (3979) NC NC

VSS (L) 19,903 (5670) 14,693 (3351) NC NC

ANOVA analysis of variance, NC not calculated
a Log-transformed mean value in subjects with severe hepatic dysfunction; log-transformed mean value in subjects with normal hepatic function
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measurements, revealed a trend toward a positive linear

relationship between the CL of micafungin and Child–

Pugh score (P = 0.0568), and positive linear relationships

between both Cmax and AUC? of M-5 metabolite and total

bilirubin (P\ 0.05 in each).

3.3 Safety assessments

Safety was evaluated in eight subjects with severe hepatic

dysfunction and eleven healthy subjects. Six AEs were

reported by four subjects: one subject with severe hepatic

dysfunction experienced dizziness and pruritus, and

another experienced nausea and vomiting; while one

healthy subject experienced headache and another experi-

enced pruritus. None of these AEs was considered to be

serious or to be related to micafungin, and none led to

discontinuation of the study. No clinically significant

changes in laboratory measures were reported at the end of

study, including alanine aminotransferase, aspartate ami-

notransferase, or bilirubin levels and prothrombin time.

4 Discussion

In this study, micafungin plasma concentrations and most

PK parameters were lower in subjects with severe hepatic

dysfunction, except for CL, which was higher in these

subjects; however, the magnitude of the differences was

not considered to be clinically meaningful. These findings

are consistent with a previous study of micafungin, in

which subjects with moderate hepatic dysfunction dis-

played lower Cmax and AUC values, but higher CL, com-

pared with healthy subjects (Hebert et al. 2005b). Likewise,

in a study of anidulafungin, there was a 33 % lower

exposure in subjects with severe hepatic dysfunction

compared with healthy controls (Dowell et al. 2007).

The recommended dose for the treatment of adults with

invasive candidiasis and candidaemia in adults is 100 mg

daily resulting in the mean steady-state AUC0–24 of

97 h�lg/mL (Undre et al. 2012b). In the present study, a

dose of 100 mg yielded a mean AUC? of 100.1 h�lg/mL

in subjects with severe hepatic dysfunction. These findings

Fig. 2 Plasma concentration versus time profiles (arithmetic mean ± SD) for the micafungin metabolites, M-1 (a, b) and M-5 (c, d), in subjects

with severe hepatic dysfunction (n = 8) and normal hepatic function (n = 8)
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suggest that dose adjustment is not required in subjects

with severe hepatic dysfunction.

Plasma concentrations of the M-1 metabolite were

negligible in the first 24 h, suggesting a very slow rate of

formation of this metabolite. For later time points, the

plasma concentration profile of the M-1 metabolite was

similar between the two study groups. Mean plasma con-

centrations of the M-5 metabolite, and its mean Cmax and

AUC values, were higher and more variable in subjects

with severe hepatic dysfunction compared with healthy

subjects. This suggests that patients with severe hepatic

impairment exhibit either a higher rate of formation or

lower CL of M-5 compared with healthy subjects; how-

ever, it is unknown which mechanism is responsible for

this observation. The PK of the M-1 and M-5 metabolites

has not been examined in subjects with moderate hepatic

dysfunction in previous studies.

As micafungin is metabolised in the liver prior to its

elimination, exposure would be expected to be higher in

subjects with severe hepatic dysfunction due to disrupted

micafungin metabolism. However, the PK profiles obtained

for micafungin and its metabolites suggest the opposite as

micafungin exposure was higher in healthy subjects with

normal hepatic function than in subjects with severe

hepatic dysfunction.

Micafungin is highly protein bound in plasma ([99 %)

(Astellas Pharma; Hebert et al. 2005b), primarily to albu-

min. Plasma albumin concentrations are often altered in the

presence of severe hepatic dysfunction, raising the possi-

bility that altered plasma albumin concentrations may have

impacted micafungin PK in subjects with severe hepatic

dysfunction (Hebert et al. 2005b). Consistent with this

hypothesis, subjects with severe hepatic dysfunction in this

study had lower concentrations of plasma albumin than

subjects with normal hepatic function. This resulted in an

increase in free drug levels in the subjects with severe

hepatic dysfunction which, in turn, led to increased CL in

these individuals. This may also explain why mean mica-

fungin Cmax and AUC values were lower in subjects with

hepatic dysfunction, but t� remained unchanged.

Micafungin is one of three available echinocandin

antifungal agents. Existing evidence suggests that higher

exposure to caspofungin is associated with moderate

hepatic dysfunction and that this can be adjusted for using

dose reduction (Merck Sharp & Dohme Limited 2011;

Mistry et al. 2007; van der Elst et al. 2012). Anidulafungin

is not metabolised by the liver, and, therefore, dose

adjustments are not required in subjects with mild, mod-

erate or severe hepatic dysfunction (Pfizer Inc 2010).

Although systemic exposure to micafungin was lower in

subjects with severe hepatic dysfunction in this study, the

magnitude of this difference was not considered clinically

meaningful. Micafungin has demonstrated efficacy in

adults with invasive candidiasis and candidaemia, and in

adults with HIV and oesophageal candidiasis, at levels of

exposure similar to those attained in the present study

(Undre et al. 2012a, b). Furthermore, a comparison of the

free concentration of micafungin in the two popula-

tions showed that the fraction unbound is similar in the

two populations. Thus, despite lower total micafungin

Table 3 PK parameters of micafungin metabolites, M-1 and M-5 [geometric mean (SD)], in subjects with severe hepatic dysfunction and

normal hepatic function

Parameter Subjects with severe hepatic

dysfunction (n = 8)a
Subjects with normal hepatic

function (n = 8)a
ANOVA results

Mean ratio (%)b (90 % CIs) Coefficient of variation (%)

Metabolite M-1

Cmax (lg/mL) 0.1 (0.0) 0.1 (0.0) 102.2 (77.2–135.1) 26.5

AUC0–24 (h�lg/
mL)

0.2 (0.3) 0.1 (0.1) 133.5 (69.2–257.3) 43.2

AUClast (h�lg/mL) 3.9 (2.6) 3.5 (1.6) 88.0 (38.7–199.7) 89.2

AUC? (h�lg/mL) 13.1 (5.1) 17.5 (11.9) 79.5 (44.9–140.8) 48.0

t� (h) 98.5 (69.6) 154.0 (147.3) 70.0 (29.4–166.5) 78.2

Metabolite M-5

Cmax (lg/mL) 0.6 (0.4) 0.2 (0.0) 227.5 (155.2–333.5) 36.8

AUC0–24 (h�lg/
mL)

11.5 (6.4) 4.9 (0.9) 218.1 (153.3–310.2) 33.8

AUClast (h�lg/mL) 31.0 (20.9) 10.8 (1.7) 251.2 (164.5–383.6) 41.1

AUC? (h�lg/mL) 34.1 (23.4) 12.9 (1.8) 231.8 (152.3–352.7) 40.7

t� (h) 21.1 (2.7) 21.6 (4.9) 99.1 (82.0–119.7) 17.8

a n = 8 for all parameters except for AUC? and t1/2 in subjects with severe hepatic dysfunction (n = 5), and for the ANOVA calculation of

mean ratio of AUC0–24 (n = 4)
b Log-transformed mean value in subjects with severe hepatic dysfunction; log-transformed mean value in subjects with normal hepatic function
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exposure, the free concentrations considered to be phar-

macologically active were similar, suggesting that dose

adjustments are not required in subjects with severe hepatic

dysfunction. In addition, a single dose of micafungin

100 mg was well tolerated in subjects with severe hepatic

dysfunction and subjects with normal hepatic function, and

there were no safety concerns throughout the study.

5 Conclusion

In summary, the findings of the present study indicate that

although severe hepatic dysfunction affects micafungin

PK, the magnitude of changes is not considered clinically

meaningful and thus does not warrant dose adjustment in

these individuals. This study also provides additional

evidence showing that micafungin is well tolerated in

subjects with hepatic dysfunction after a single dose of

100 mg.
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