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underwent allogeneic hematopoietic stem cell trans-
plantation (HSCT) with or without hepatic dysfunction
and analyzed the effect of clinical and laboratory
characteristics including hepatic function on the phar-
macokinetics of MCFG.

Patients and methods
Study population

Patients who underwent allogeneic HSCT at the
University of Tokyo Hospital and received IV
administration of MCFG were eligible for this study,
irrespective of the hepatic and renal function. This
study was approved by the institutional review board of
the University of Tokyo Hospital and all patients
provided written informed consent to be enrolled in
this study.

Administration of MCFG and sample collection

MCFG (Funguard® for infusion; Astellas Pharma Inc.,
Tokyo, Japan) was administered at 150 mg IV once a
day over the course of 1 h for prophylactic, empirical,
or targeted treatment of invasive fungal infections after
allogeneic HSCT. MCFG at 150 mg/day is the standard
dose in Japan, and in fact, MCFG at this dose has been
used in prospective trials in Japan (5, 6). Blood sample
was collected from forearm or central vein immediately
before the administration (trough concentration, Cmin)
and at the end of the administration (peak concentra-
tion, Cmax) at least 3 days after the first dosing. The
blood MCFG level shows biphasic decline, and there-
fore, it is impossible to estimate area under the curve
(AUC) from the Cmin and Cmax. However, previous
data suggested that the Cmin and Cmax strongly
correlated with AUC (7). Therefore, we limited the
sampling points to Cmin and Cmax. Blood samples
>3 mL were collected with heparin and centrifuged at
3000 rpm for 10 min. Plasma was separated and
preserved at —20°C until the measurement of MCFG
concentration.

Quantification of MCFG, laboratory data, and
statistical consideration

The plasma concentration of MCFG was measured by
high performance liquid chromatography at the Meiji
Pharmaceutical University, Tokyo, as described else-
where (8). The lower and upper limits of quantitation

for MCFG were 0.05 and 25 pg/mlL, respectively, if
50 uL of human plasma was used to detect MCFG. The
intra-assay and inter-assay precision and accuracy for
the pharmacokinetic study were acceptable. Patients’
data were collected from clinical records. A correlation
coefficient was examined using Pearson’s product-
moment correlation. The effects of categorical and
continuous variables on the plasma concentration of
MCFG were evaluated using Fisher’s exact test and #
test, respectively. P-values of <0.05 were considered
statistically significant. All statistical analyses were
performed with EZR (at Saitama Medical Center, Jichi
Medical University), which is a graphical user interface
for R (The R Foundation for Statistical Computing,
version 2.13.0). More precisely, it is a modified version .
of R commander (version 1.6-3) that includes statistical
functions that are frequently used in biostatistics.

Restilts
Characteristics of patients

We enrolled 10 patients who underwent allogeneic
HSCT between April 2005 and May 2007. There were 6
men and 4 women with a median age of 41 years (range
20-61). Patients’ body weight ranged from 41 to 67 kg.
The underlying diseases were acute myeloblastic leuke-
mia in 4, chronic active Epstein-Barr virus infection in 2,
chronic myelogenous leukemia in 1, myelodysplastic
syndrome in 1, non-Hodgkin lymphoma in 1, and severe
aplastic anemia in 1. The HSCT type was unrelated bone
marrow transplantation in 5, related peripheral blood
stem cell transplantation in 3, related bone marrow
transplantation in 1, and unrelated cord blood transplan-
tation in 1. The conditioning regimen was a conventional
myeloablative regimen in 7, and a reduced-intensity
regimen in 3. MCFG was started at a median of
58.5 days (range 9-196) after HSCT. The dose of MCFG
was 150 mg/day, which corresponded to the dose per
body weight (DBW) ranging from 2.24 to 3.66 mg/kg.

Plasma concentration of MCFG

Blood samples for the measurement of plasma concen-
trations of MCFG were obtained at a median of 5.5 days
(range 3-8) after the first administration of MCFG. The
Cmin and MCFG Cmax were 5.62 + 3.37 pg/mL and
21.91 + 849 pg/mL, respectively. As shown in
Figure 1, no significant relationship was seen between
the MCFG-DBW and Cmin or Cmax (r = 0.27, P = 0.45
and » = —0.091, P = 0.80, respectively).
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Fig. 1. Correlation between plasma concentration of micafungin
(MCFG) and MCFG dose per body weight (mg/kg). (A) Trough
plasma concentration (Cmin). (B) Peak plasma concentration (Cmax)
(ng/mL).

The effect of clinical and laboratory data on MCFG
concentration

The presence of acute or chronic graft-versus-host
disease (GVHD) involving the liver at blood sampling
was associated with significantly higher Cmin and
Cmax of MCFG (P = 0.045 and P = 0.03) (Table 1A).
Age, gender, and the other clinical characteristics did
not show association with MCFG concentration.
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Liver function was evaluated using aspartate amino-
transferase, alanine aminotransferase, alkaline phospha-
tase, gamma-glutamyltransferase (y-GTP), and total
bilirubin (TBi). Renal function was evaluated using blood
urea nitrogen, serum creatinine (SCr), and creatinine
clearance (cCr) estimated by the Cockcroft-Gault equa-
tion. We also evaluated serum albumin level and cyclo-
sporine concentration. We defined impaired renal
function as elevated SCr level of 2 mg/dL or higher.
The Cmin and Cmax of MCFG were higher in patients
with impaired renal function, but the differences were not
statistically significant, probably because of the small
number of patients (Table 1B). The median cCr esti-
mated by Cockcroft-Gault equation was 25.3 mL/min
(18.2-32.3) and 97.8 mL/min (39.3-199.8), respectively,
in patients with and without impaired renal function.
There was no difference in the Cmin and Cmax of MCFG
between those with higher ¢Cr (> 60 mL/min) and
those with lower cCr (<60 mL/min) (Table 1B). We
defined moderately impaired hepatic function as an
elevation of serum TBi level >2 mg/dL and/or serum y-
GTP level >200 IU/L, and severely impaired hepatic
function as an elevation of serum TBi level >5 mg/dL
and/or serum y-GTP level >500 IU/L. No relationship
was found between moderately impaired hepatic func-
tion and Cmin or Cmax of MCFG, but the presence of
severely impaired hepatic function was associated with
significantly higher Cmin and Cmax of MCFG
(P =0.045and P = 0.033) (Table 1B). These differences
were also significant after adjusting for the DBW
(P =0.00058 and P =0.042). The 3 patients with
severely impaired hepatic function were the same 3
patients who had liver GVHD at blood sampling. None of
the remaining laboratory data showed significant effect
on MCFG concentration.

We followed patients till the discontinuation of MCFG
and median follow-up duration was 16 days (range 3-
27). No MCFG-associated adverse events were seen,
except elevated liver enzyme, which was possibly
caused by MCFG administration. The elevated liver
enzymes were improved after the discontinuation of
MCEFG in 1 of these patients. No patients experienced
breakthrough invasive fungal infection or worsening of
preexisting invasive fungal infection.

Discussion

In this study, we measured the plasma concentration of
MCFG after IV infusion at 150 mg/day in 10 patients
who underwent allogeneic HSCT and analyzed the
relationship between the plasma MCFG concentration
and their clinical and laboratory parameters. We found
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The effect of (A) clinical factors and (B) liver and kidney functions on
plasma micafunging (MCFG) concentration

Cmax
n . Cmin (pg/mL). Pvalue (pug/mL) P-value
 (A) Clinical factors
Gender ;
Male . 6 665 087 192 0.95
;Female 4 6.28 19.6
~-Ageiin yearé
>40 years 5 7.74 0.27 23.1 0.18
<40 years 5 5.26 15.7
'DiSegse k
Malignant 7. 634 083  16.9 0.58
disease
P Nqn-malignant 3 6.88 20.4
disease
: Stem cell source
BMT 6 695 085 198 0.80
PBSCT 3 642 215
CBT B 4.03 10.6
“Donor type
' 'Rélated 4 657 096 223 0.41
Unrelated 6 6.46 17.4
:Condltlomng regimen
:MAC - : 7 6.42 0.92 19.3 0.97
“RIC 3 6.68 19.6
_Presence of any GVHD
Yes 5 5.07 0196 23.8 0.10
No 5 7.98 14.9
Preyseknce of liver GVHD
Yes 3 105 0.045 27.6 0.03
No - 7 4.80 15.8
Concomitant use of CSA
Yes 7 7.10 0.42 21.2 0.34
No 3 5.10 15.2
{B) Renal/hepatic function
Renal function
SCr >2 2 9.36 0.20 27.69 0.13
SCr< 2 8 5.79 17.29
Renal function estimated by Cockcroft-Gault equation
¢Cr >60 6 6.49 0.99 17.86 0.53
c¢Cr< 80 4 852 21.63
Moderately impaired hepatic function
TBi >2and/or 7 6.66 0.83 18.87 0.79
YGTP > 200
Others 3 6.13 20.53

Table 1 Continued

Cmax .-

- Cmin ( ;xg/mL) Pvalue (pg/mLy.
Severely impaired hepatic function” i
TBi >5 and/or 3 10.46 0045 2764  0.033
YGTP >500 '
1582

Others 7 . 4.80

Cmin, trough concentration of MCFG; Cmax, peak concentration of
MCFG; BMT, bone marrow transp!antatlon PBSCT penpheral‘blood‘
stem cell transplantation; CBT, cord biood: transplantatlon 3 MAC~
myeloablatave conditioning; -RIC, ‘reduced- mtensuty condxtionmg,”
GVHD, graft-versus-host dlsease .CSA, cyc!osponne, SCr, serum,‘
creatinine; cCr, creatinine clearance, TBi; total bilirubin; y—GTP ¥
glutamylitransferase.

Table 1

that both Cmin and Cmax of MCFG were significantly
higher in patients with severely impaired hepatic
function. However, both patients with renal dysfunction
also had severely impaired hepatic function. Therefore,
it was impossible to clearly discriminate the effects of
renal and hepatic dysfunctions.

Several reports have evaluated the effect of hepatic
dysfunction on the plasma concentration of MCFG (9—
12). Some showed that the laboratory parameters of
hepatic function did not correlate with the dose-
adjusted plasma concentration of MCFG (9-11). For
example, Nakagawa et al. (11) reported that the phar-
macokinetic data of MCFG in patients with hematologic
malignancies were not related with the hepatic func-
tion. In their study, however, none of the patients had
high serum TBi level >3 mg/dL. In contrast, Shimoeda
et al. (12) reported that the plasma concentration of
MCFG was increased in patients with a high TBi level.
In their study, 4 and 2 out of the 29 patients had high
serum TBi level of >3 mg/dL and >5 mg/dL, respec-
tively. In our present study, the definition of severely
impaired hepatic function was an elevation of serum
TBi level >5mg/dL and/or serum yGTP level
>500 IU/L. Three of the 10 patients had severely
impaired hepatic function at blood sampling and both
Cmin and Cmax of MCFG were significantly higher in
these patients. These findings suggest that the phar-
macokinetics of MCFG is affected only by severely
impaired liver function. Mild changes in liver function
do not affect the MCFG concentration.

Child-Pugh (C-P) classification and international
normalize ratio (INR) are widely used as definitions
of hepatic impairment. In the current population,
however, INR was distributed within a narrow range,
0.97-1.36, except for 1 patient whose INR was 2.99
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owing to the coexistence of disseminated infravascular
coagulation. Therefore, INR was not useful for the
classification of our patients, as 9 of the 10 patients
were classified into “score 0” according to the C-P
criteria for INR. Similarly, C-P score was B in 9 of the 10
patients. In addition, serum albumin or INR could be
affected by the coagulation disorders in patients with
infectious complications. On the basis of these consid-
erations, we did not use INR or C-P classification in this
study. We used SCr level and cCr estimated by
Cockeroft-Gault equation as indicators of renal func-
tion. Although the calculation of cCr is a better method
to evaluate renal function, it is sometimes difficult to
obtain an accurate value in clinical situations, and
therefore we used these indicators for the classification
of renal function.

The effect of plasma MCFG concentration on its
safety and efficacy remains unclear (1). However,
Shimoeda et al. (13) compared the MCFG Cmin in
patients grouped according to the response of pulmo-
nary aspergillosis based on their original criteria. The
mean MCFG Cmin level was higher in patients with
“marked improvement” compared to those with
“improvement” (5.23 ug/mL vs. 4.08 pg/mL), although
the difference was not statistically significant. They
concluded that the MCFG Cmin should be maintained
at 5 pg/mL or higher in patients with severe fungal
infection. In our present study, the Cmin of MCFG was
10.46 pg/mL on average in patients with severely
impaired hepatic function, whereas it was 4.80 pg/mL
on average in the other patients. Therefore, the dose of
MCFG could be decreased from 150 mg/day in
patients with severely impaired hepatic function, if the
relationship between the plasma MCFG concentration
and its safety and efficacy can be clarified further.

In conclusion, our results showed that the significant
relation between high plasma concentration of MCFG
and severely impaired hepatic function. Further studies
are required to determine the optimal dose of MCFG in
patients with and without hepatic impairment.
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