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Fig 8. Concentration/dose (C/D) ratio as a function of
mRNA expression levels of MDR1 and CYP3A4 in 164
recipients of living-donor liver transplantation. The average
C/D ratio in the first 4 days after surgery is compared with the
logarithmically transformed mRNA levels of MDR1 (A) and
CYP3A4 (B).

< .0001) for the patients whose graft-to-recipient
weight ratio was over 1.5 and those whose ratio was
under 1.5, respectively (Fig 9, B and C). However,
the coefficient of the correlation between the intes-
tinal MDR1 mRNA level at surgery and the tacroli-
mus C/D ratio after postoperative day 5 gradually
decreased (Table III).

DISCUSSION

Acute cellular rejection, an early complication of
orthotopic liver transplantation, occurs in more than
50% of patients*’*® and can be diagnosed only by
means of a liver biopsy.”®> Although it has minimal
impact on either death or late graft function, acute
cellular rejection should be avoided to reduce the ad-
verse effects of antirejection treatment. The use of
high-dose steroids is the first step in both the induction
of immunosuppression and the treatment of acute cel-
lular rejection despite side effects such as osteoporosis,
recurrent viral hepatitis, and infections.**** The direct
association between acute cellular rejection and patient
mortality rate is weak,” but this episode would be a
trigger for other severe complications such as infec-
tions, drug-induced renal injury and neurotoxicity, and
recurrence of hepatitis with viral amplification in pa-
tients receiving the antirejection treatment. In our study
the patients categorized in the high-MDRI1 group
showed a higher frequency of acute cellular rejection
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until postoperative day 10 and poor survival within 1
year after surgery (Figs S and 6). Therefore the indi-
vidual patients’ clinical history should be explored be-
cause “acute cellular rejection” might be hidden behind
the diagnosis at death. The incidence of acute cellular
rejection in our series was 25.6% (42/164 cases) until
postoperative day 10 and 32.2% overall (39/121 cases,
excluding 32 patients treated with high-dose steroids
for other reasons and 11 cases of post-transplant graft
liver failure) (Table I). Of 13 patients who died within
1 year after transplantation, 11 were categorized in the
high-MDR! group. The mortality rate of high-MDRI1
patients who had acute cellular rejection early on was
25% (6/24 cases), whereas all 15 patients in the low-
MDRI1 group were alive despite an episode of acute
cellular rejection. In addition, the mortality rate of
event-free patients was 15% (5/33 cases) in the high-
MDRI1 group and 4% (2/49 cases) in the low-MDRI
group. Focusing on the patients with acute cellular
rejection during the first 10 days after surgery, the
high-level expression of intestinal MDR1 was sug-
gested to be associated with poor survival by x* statis-
tics (6/24 cases in high-MDRI1 group versus 0/15 cases
in low-MDRI group, P = .0352). Although our results
were derived from a relatively small number of cases,
the intestinal expression level of MDRI1 at surgery
could be a prognostic factor in patients with acute
cellular rejection at an early phase. If the occurrence of
acute cellular rejection can be avoided in the high-
MDRI1 patients, the mortality rate may be decreased to
a level comparable to that in the low-MDRI group. To
reduce the frequency of acute cellular rejection early
on, the average trough concentration of tacrolimus dur-
ing the initial 4 days after surgery should be kept above
7 ng/mL, with an initial dosage adjustment that takes
into consideration the intestinal expression level of
MDRI at surgery. In addition, extensive exposure to
tacrolimus at an early phase may reduce the mortality
rate of patients categorized in the high-MDR1 group.
The intestinal adenosine triphosphate—driven efflux
pump MDRI1 is considered to play an important role in
drug pharmacokinetics.*® This drug transporter pre-
venis the luminal entry of orally administered drugs
such as tacrolimus, cyclosporine {(INN, ciclosporin),
and sirolimus at apical membranes. Since the report by
Hoffmeyer et al,** several single-nucleotide polymor-
phisms (SNPs) in MDR] affecting expression or func-
tion (or both) have been reported. Notably, C3435T and
G2677T/A are detected at a relatively high frequency
and have been examined for influences on the drug
pharmacokinetics and expression level of the gene
product.*** We previously found that these SNPs did
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Fig 9. Histogram of graft-to-recipient weight ratio and C/D ratio as a function of mRNA expression
levels of MDRI1 in 164 recipients of living-donor liver transplantation. A histogram of graft-versus-
recipient body weight ratio is shown (A). The dotted line denotes a graft-to-recipient weight ratio
of 1.5. The average C/D ratio in the first 4 days after surgery is compared with the logarithmically
transformed mRNA levels of MDRI1 in the recipients of living-donor liver transplantation with a

graft-to-recipient weight ratio above 1.5 (B) and below 1.5 (C).

Table III. Coefficient of correlation between intestinal mRNA expression level of MDRI and tacrolimus
concentration/dose ratio in living-donor liver transplantation patients

Postoperative days

Graft-to-recipient weight ratio > 1.5

Graft-to-recipient weight ratio <lI.5

r* P value r P value
Between 2 and 4 —0.6798 and (n=99) <.0001 —0.7180 and (n=55) < .0001
Between 5 and 7 —0.3721 and (n=90) .0003 —0.4188 and (n=51) .0020
Between 8 and 14 =-0.1598 and (n=98) 1163 —-0.0241 and (n=52) .8660

*Data for patients treated with high-dose steroids including the days of administration and 3 days after withdrawal were excluded.

not affect the intestinal expression of MDRI and the
tacrolimus C/D ratio in living-donor liver transplant
recipients.?!"*® In recipients of renal transplantation, the
trough concentrations of cyclosporine and tacrolimus
were not influenced by the C3435T SNP.*%*7 In addi-
tion, examinations in vitro with a vaccinia virus expres-
sion system and mammalian expression system using
LLC-PKI1 cells indicated that the SNPs in MDRI do not
affect the membrane expression of P-gp or transport
activity of drugs such as digoxin and cyclosporine.>®>*
However, there is little consensus concerning the effect
on drug pharmacokinetics by SNPs in MDR!*® Re-
cently, a meta-analysis by Chowbay et al*' revealed no
significant effect of the MDRI C3435T SNP on either
the pharmacokinetics of digoxin or the intestinal ex-
pression level of P-glycoprotein. In our study preoper-
ative complications such as cholangitis, hyperbiliru-

binemia, intestinal congestion, pulmonary hypertension,
and renal dysfunction may have affected the expression
levels of MDRI, and therefore the direct expression level
rather than SNPs of the gene would provide more
significant information on liver transplant recipients.
On the other hand, CYP3A4 is also expressed in the
upper intestinal epithelium and mediates the detoxifi-
cation of these immunosuppressants at the intestinal
wall. Therefore MDR1 and CYP3A4 are considered to
provide an “absorptive barrier.” We previously demon-
strated that the intestinal expression level of MDR1, but
not of CYP3A4, was inversely correlated with the
tacrolimus C/D ratio in small bowel transplant recipi-
ents, as well as patients after living-donor liver
transplantation.'®?' In addition, enhanced expression
of MDR1 was associated with a reduction in the bio-
availability of cyclosporine in an adult case of living-
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donor liver transplantation.*> In our study we have
refined the correlation between the intestinal expression
level of MDR1 and tacrolimus C/D ratio during the first
4 days after surgery by taking into consideration the
graft-to-recipient weight ratio (Figs 8 and 9). The
trough concentration of tacrolimus at postoperative
days 3 and 4 was significantly lower in the patients
categorized in the acute cellular rejection group than in
those in the event-free group (Fig 1). In addition, keep-
ing the initial trough concentration of tacrolimus above
7 ng/mL was suggested to reduce the risk of acute
cellular rejection (Fig 3). Therefore the initial adjust-
ment of dosage based on the intestinal MDR1 mRNA
level may provide sufficient immunosuppression medi-
ated by tacrolimus with a rapid increase in the blood
concentration to around the target range (>7 ng/mL)
and help to reduce the frequency of acute cellular
rejection.

Some risk factors for acute cellular rejection after
liver transplantation such as primary disease, Child’s
classification, and polymorphisms of several cytokines
have been postulated.*>** These were considered to be
congenital factors for patients receiving living-donor
liver transplantation, and there is no individualized
treatment to reduce the occurrence of acute cellular
rejection in patients categorized in the high-risk group.
In this study we have found that both the postoperative
blood concentration of tacrolimus and the intestinal
mRNA level of MDR1 at surgery are significant risk
factors for acute cellular rejection early on (Figs 3 and
5 and Table TI). However, these risk factors are rela-
tively acquired issues and can be overcome by main-
taining the trough concentration of tacrolimus above 7
ng/mL for at least the first 4 days after surgery. In
addition, the intestinal expression level of MDR1 at
surgery would be a simple pharmacokinetic marker
with which to adjust the initial dosage of tacrolimus
after living-donor liver transplantation. Therefore quan-
tification of mucosal MDR1 expression may provide
for individualization of the dosage regimen of tacroli-
mus, especially the initial dosage. In this study most of
the tacrolimus concentrations were below 10 ng/mL,
especially in the acute cellular rejection group (Figs 1
and 7, B). To avoid adverse reactions, doctors might be
reluctant to raise the dose of tacrolimus in patients with
acute cellular rejection. If we can obtain jejunal biopsy
specimens for the quantification of mucosal MDR¢, the
postoperative immunosuppressant dosage regimen
could be established before liver transplantation, en-
abling the tacrolimus trough level to be reached earlier
in patients with or without a high level of intestinal
MDRI. Therefore a pretherapeutic determination of the
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intestinal MDRI mRNA level was suggested to be
useful to predict the initial dosage of tacrolimus re-
quired in individual patients and thus reduce the fre-
quency of acute cellular rejection immediately after
liver transplantation.

In this study we have confirmed that a high expres-
sion level of intestinal MDR1 is a prognostic factor for
recipients of living-donor liver transplantation (Fig 6,
A). Although that of CYP3A4 was also associated with
poor survival, the odds ratio was not statistically sig-
nificant. Therefore it was suggested that the intestinal
expression level of CYP3A4 was a prognostic factor
resulting from some secondary or unknown mecha-
nism. The intestinal expression level of MDRI was
clearly related to the oral clearance of tacrolimus until
postoperative day 4 and the occurrence of acute cellular
rejection up to postoperative day 10 (Figs 5, A, 8, and
9 and Tables II and III). The significant association
between the high level of intestinal MDR1 and the
I-year patient survival rate might be explained at least
partly by the prognostic significance of early exposure
to immunosuppressive therapy after liver transplanta-
tion. Therefore medication during ICU care may be
critical to survival, as well as the occurrence of acute
cellular rejection. The molecular and immunologic
mechanism(s) behind these phenomena should be clar-
ified.

The grafted liver mass gradually regenerated after
surgery. Fukudo et al'® demonstrated kinetically that
the clearance of orally administered tacrolimus im-
proved or increased (or both) in the postoperative
period. In our study the coefficient of the correlation
between the intestinal MDR1 level and the C/D ratio
of tacrolimus decreased from postoperative day 5
(Table III). This background and our results sug-
gested that hepatic function and the interindividual
variation in the rate of graft liver regeneration were
associated at least in part with the reduced contribu-
tion of the intestinal MDR1 or large intraindividual
variation in the pharmacokinetics of tacrolimus after
surgery. Surrogate markers relating to the enzymatic
activity associated with the interindividual and intra-
individual variation in graft liver function after
living-donor liver transplantation are needed.

In conclusion, we have advanced our previous
finding that the enterocyte mRNA expression level of
MDR1 was a simple and useful pharmacokinetic
factor for tacrolimus, especially for adjusting the
initial dosage in living-donor liver transplant pa-
tients. In addition. the average trough concentration
of tacrolimus immediately after living-donor liver
transplantation should be maintained above 7 ng/mlL
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for at least 4 days after surgery to prevent acute
cellular rejection. Therefore initial dosage adjust-
ment with consideration of the expression level of
MDRI! in the small intestine at living-donor liver
transplantation may reduce the frequency of acute
cellular rejection.

None of the authors has financial or personal relationships that
could potentially be perceived as influencing the described research.
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Cyclosporine Exposure cand Calcineurin
Phosphatase Activity in Living-Donor Liver
Transplant Patients: Twice Daily vs.

Once Daily Dosing

Masahide Fukudo,' Ikuko Yano,' Satohiro Masuda,' Toshiya Katsura,' Yasuhiro Ogura,?
Fumitaka Oike,? Yasutsugu Takada,? Koichi Tanaka,® and Ken-ichi Inui’

'Department of Pharmacy, Kyoto University Hospital, Faculty of Medlicine, and 2Department of
Transplantation and Immunology, Graduate School of Medicine, Kyoto University, Kyoto, Japan

We have compared the pharmacokinetics and pharmacodynamics of cyclosporine between once- and twice-daily dosing
regimens in de novo patients of living-donor liver transplantation (LDLT). A total of 14 patients were enrolled in this study, who
had received cyclosporine microemulsion (Neoral) twice a day (BID, n = 5) or once daily in the morning (QD, n = 9) after
transplantation. On postoperative day (POD) 6, the QD regimen significantly increased cyclosporine exposure; the blood
concentration at 2 hours postdose (C,) and area under the concentration-time curve (AUC) for 4 hours (AUC,_,), compared
with the BID regimen. Moreover, the area under the calcineurin (CaN) activity in peripheral blood mononuclear cells time-curve
(AUA) for 12 hours (AUA,_;,) and 24 hours (AUA,_,,) were decreased by approximately 42 and 25% with the QD regimen
relative to the BID regimen, respectively. The C, level was significantly correlated with the AUC,_, (r* = 0.95), which was
negatively related to the AUA,_,, with a large interindividual variability (r* = 0.59). However, a significant correlation was found
between the AUA,_,, or AUA,_,, and CaN activity at trough time points. According to a maximum inhibitory effect attributable
to the drug (E,,.x) model, the mean estimates of E,, and the G, value that gives a half-maximal effect (EC,) for CaN inhibition
were not significantly different between the 2 groups, respectively. These findings suggest that a once daily morning
administration of cyclosporine may improve oral absorption and help to provide an effective CaN inhibition early after LDLT.
Furthermore, CaN activity at trough time points would be a single surrogate predictor for the overall CaN activity throughout
dosing intervals following cyclosporine administration. Liver Transpl 12:292-300, 2006. o 2006 AASLD.

Recsived April 26, 2005; accepted August 24, 2005.

Living-donor liver transplantation (LDLT) is now ac-
knowledged as a lifesaving therapy for patients with
end-stage liver failure. Cyclosporine is a calcineurin
(CaN) inhibitor that has been widely used to prevent
acute rejections after liver transplantation.! Cyclospor-
ine has a narrow therapeutic range and shows large
inter- and intraindividual pharmacokinetic variability.

Therefore, therapeutic drug monitoring of trough blood
concentrations {C,) has been required to avoid adverse
events such as nephrotoxicity and neurotoxicity.® How-
ever, the C, level does not correlate well with the sys-
temic drug exposure and clinical outcomes.®* Since a
microemulsion formulation of cyclosporine (Neoral) has
been introduced into organ transplantation, a consis-

Cy, value that gives a half-maximal effect.
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Abbreviations: LDLT, living-donor liver transplantation; BID, twice a day; QD, once a day; POD, postoperative day; C,, blood concentration; C,,
trough blood concentration; C,, blood concentration at 2 hours postdose; CaN, calcineurin; AUC, area under the concentration-time curve; AUA,
area under the CaN activity-time curve; PBMC, peripheral blaod mononuclear cell; E .., maximum inhibitary effect attributable to the drug; ECs,
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tent and reliable absorption with low interindividual
variability has been achieved,® and the absorption pro-
file has enabled us to predict accurately the drug expo-
sure throughout dosing intervals.® In addition, blood
cyclosporine concentrations at 2 hours postdose (C,)
have been shown to be a good predictor for the absorp-
tion profile, which was measured as the area under the
concentration-time curve for the first 4 hours post-
dose.” Levy et al.® recently reported that a new moni-
toring strategy based on C, levels was superior to tra-
ditional C, monitoring for liver transplant recipients in
reducing the incidence and severity of acute rejections.

Cyclosporine has been orally administered in 2 di-
vided doses every 12 hours in transplant patients. How-
ever, some patients have difficulty in achieving thera-
peutic C, levels early after liver transplantation
because of delayed and/or poor absorption,® probably
caused by postoperative paralytic ileus and external
biliary drainage. Furthermore, C, levels are frequently
elevated by a continuous dose escalation as well as by
the decreased metabolic function in the grafted liver
within the early postoperative period. A single daily
administration of the equivalent cumulative dose of cy-
closporine may provide an alternative and cost-saving
strategy to the use of intravenous cyclosporine, in
terms of lowering C, levels while ensuring adequate C,
levels after liver transplantation.!® Therefore, it is a
challenge to improve the pharmacokinetic and pharma-
codynamic profiles of cyclosporine by changing the dos-
ing schedule from the traditional twice daily adminis-
tration to once daily administration in de novo liver
transplant patients.

The measurement of CaN phosphatase activity in cir-
culating blood has been considered as a pharmacody-
namic approach to evaluate the immunosuppressive
effect of cyclosporine.!' We have recently clarified that
the inhibitory effect on CaN activity in peripheral blood
mononuclear cells (PBMCs) differed between tacroli-
mus and cyclosporine in de nove LDLT patients.'®
Tarantino et al.'® showed no difference in survival and
rejection rates in renal transplant recipients given cy-
closporine between once-daily and twice-daily dosing
groups. However, the optimal protocol or target C, lev-
els for once-daily administration of cyclosporine remain
to be identified in liver transplant patients. Moreover,
no clinical data are available on the temporal CaN in-
hibition by cyclosporine throughout 24-hour dosing in-
tervals.

The aim of this study was to compare the pharmaco-
kinetics and pharmacodynamics of cyclosporine be-
tween twice-daily and once-daily dosing regimens in de
novo patients of LDLT. In this study, we measured CaN
activity in PBMCs as a pharmacological index of cyclo-
sporine to investigate the relationship between cyclo-
sporine exposure and CaN phosphatase activity.

PATIENTS AND METHODS

Patients and Immunosuppression

This study was performed as a part of the C2-Hour
Optimal Use of Neoral in Living Liver Transplantation

(CHOPIN) study, which was a pilot study investigating
the rational protocol for cyclosporine in LDLT patients
managed by C, monitoring. We included 14 de novo
liver transplant patients in this study. All patients un-
derwent LDLT between September 2003 and June 2005
at the Department of Transplantation and Immunology,
Kyoto University Hospital. According to the physicians’
decision, cyclosporine was administered twice daily for
patients undergoing LDLT before July 2004 (BID group,
n = 5), and once daily in the morming for patients
receiving LDLT thereafter (QD group, n = 9). The pa-
tients’ demographics in both groups are summarized in
Table 1. The study was conducted in accordance with
the Declaration of Helsinki and its amendments, and
was approved by the Kyoto University Graduate School
and Faculty of Medicine Ethics Committee. Written in-
formed consent was obtained from each patient.

Within 24 hours after LDLT, we started immunosup-
pression with a microemulsion formulation of cyclo-
sporine {Neoral; Novartis Pharma KX, Tokyo, Japan)
and low-dose corticosteroids. For the BID regimen, cy-
closporine was orally administered at a fixed dose of 10
mg/kg/day during the first 2 PODs for 2 patients (nos.
1 and 2), and at a fixed dose of 8 mg/kg/day during the
first 10 PODs for 3 patients (nos. 3, 4, and 5} {9:00 and
21:00). For the QD regimen, cyclosporine was orally
administered at a fixed dose of 8 mg/kg/day during the
first 6 PODs (9:00). Since the study was conducted with
the intention to treat, the maintenance dose of cyclo-
sporine was adjusted to achieve target blood-cyclospo-
rine concentrations. The target C, level was set between
500 and 800 ng/mL for the BID regimen, and between
800 and 1,000 ng/mL for the QD regimen during the
first month. When the C, level of cyclosporine exceeded
300 ng/mL, the dosage was appropriately reduced.
Corticosteroids were administered according to a pro-
tocol described previously.'? Clinical laboratory test
markers were measured daily in the morning after
transplantation.

Therapeutic Drug Monitoring

Blood samples for the daily C, monitoring of cyclospor-
ine were drawn into tubes containing ethylene diamine
tetra acetate before the moming dose {8:00) from POD
2. We routinely monitored C, levels of cyclosporine in
the morning. To evaluate the absorption profile, blood
samples were taken before and at 2, 4, 6, and 12 hours
after the moming administration on POD 6 and 27 in
the BID group, and at the same time points including
24 hours postdose on POD 6 and 13 in the @D group.
The concentration of cyclosporine in whole blood was
measured with a fluorescence polarization immunoas-
say method using a TDx analyzer (Abbott Japan, Tokyo,
Japan). All samples were assayed on the day of blood
collection.

Measurement of CaN Phosphatase Activity

On the day of transplantation, we took a blood sample
to determine the baseline CaN activity before cyclospor-
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TABLE 1. Demographics of LDLT Patients in BID and QD Groups
Age Body weight ABO
Patient Primary disease Gender (years) (kg) GRWR (%) matching
BID group
1 HCV infection Male 56 63.0 0.72 Identical
2 HBV infection Male 62 69.4 1.02 Identical
3 Primary biliary cirrhosis Female 50 53.9 0.96 Identical
4 HCV infection Female 53 51.0 0.93 Compatible
5 Biliary atresia Male 19 51.7 0.85 Identical
Total {n = 5) 48 = 17 57.8 + 8.1 0.89 + 0.11
@D group
6 HBV infection Male 55 66.1 1.04 Identical
7 HBV infection Male 48 73.0 1.03 Identical
8 HBV infection Female 30 44.0 1.04 Compatible
9 Primary biliary cirrhosis Female 56 60.0 1.54 Identical
10 Biliary atresia Male 18 62.8 0.96 Identical
11 Cirrhosis: unknown causes Male 52 84.8 0.98 Identical
12 Primary biliary cirrhosis Female 51 56.0 1.15 Identical
13 Primary biliary cirrhosis Female 67 60.7 1.03 Identical
14 HBV infection Male 62 76.0 1.10 Identical
Total {n = 9) 49 x 15 64.8 = 12.0 1.10 £ 0.18*
NOTE: Values expressed as number or mean * SD.
Abbreviations: LDLT, living-donor liver transplantation; BID, twice a day; QD, once a day; HCV, hepatitis C virus; HBV,
hepatitis B virus; GRWR, graft-to-recipient weight ratio; SD, standard deviation.
*Significantly different from the mean value in the BID group (P < 0.05).

ine administration in each patient. After the adminis-
tration, CaN activity was simultaneously measured
with the therapeutic drug monitoring of cyclosporine
daily during the first 2 weeks of transplantation and on
POD 27. Blood samples (approximately 2 mL) were di-
luted with the same volume of phosphate-buffered sa-
line to isolate PBMCs using Ficoll-Paque Plus (Amer-
sham Biosciences, Uppsala, Sweden} as described
previously.'® The measurement of CaN phosphatase
activity in PBMCs was carried out using [y-*?P] RII
phosphopeptide, consisting of 19 amino acids (DLD-
VPIPGRFDRRVSVAAE), as a substrate according to a
procedure described previously.'?

Pharmacokinetic and Pharmacodynamic
Analysis

The area under the concentration-time curve for the
first 4 hours (AUCy_4). 12 hours (AUC,_,,), and 24
hours (AUC,_,,) after cyclosporine administration was
calculated according to the trapezoidal rule. The high-
est observed concentration and associated time point
were defined as the maximum concentration (C,,..J and
corresponding time (T,,.,). respectively. The apparent
clearance (CL/F) in the BID and @D groups was calcu-
lated by dividing the morning dose on each study day
with the AUC,_,, and AUC,_,, values, respectively. The
area under the CaN activity-time curve over 12 hours
(AUA,_, o) and 24 hours (AUA,_,,) after the administra-
tion was calculated according to the trapezoidal rule.
Assuming that the BID regimen provided a similar cy-
closporine exposure and CaN inhibition during the 2
periods of daily dosing. the values of AUC,_,, and

AUA,_,, were calculated as double the corresponding
measurements from 0 to 12 hours, respectively. We
also calculated the percentage of inhibition of CalN ac-
tivity relative to the predose level to evaluate the inhib-
itory effect of cyclosporine throughout dosing intervals.
The greatest observed CaN inhibition, causing a nadir
of enzyme activity, and associated time point were de-
fined as the maximum CaN inhibition (I,,,,,) and corre-
sponding time (T,,.q4,), Tespectively.

The relationship between the blood cyclosporine con-
centration and CaN phosphatase activity in PBMCs was
analyzed with the nonlinear mixed effect modeling pro-
gram NONMEM, '* using the following maximum effect
(E...,J model described previously:!?

CaN = CaNbasc - (Emax'cb]/(ECSO + Cb) ,

where CaN is the CaN activity at blood concentration
C,. CalN,.. is the baseline activity measured on the day
of transplantation before drug administration, E .. is
the maximum inhibitory effect attributable to the drug,
and ECg, is the C, value that gives a half-maximal
effect. The individual Bayesian post hoc estimates for
Erae and EC5, were calculated using all data from each
patient with population pharmacodynamic parameters
of cyclosporine derived previously.'?

Safety was also evaluated based on nephrotoxicity,
which was defined as an initial increase in serum cre-
atinine of =0.5 mg/dL above the baseline.

STATISTICAL ANALYSIS

Data were presented as the mean * standard deviation.
Statistical analyses were performed using the statisti-

LIVER TRANSPLANTATION.DOI 10.1002/1t. Published on behalf of the American Association for the Study of Liver Diseases

— 405 —



CYCLOSPORINE EXPOSURE AND CALCINEURIN ACTIVITY 295

cal software package StatView, version 5.0 (Abacus
Concepts, Berkeley, CA). The significance of differences
in mean values betweern the 2 groups was analyzed with
the unpaired t-test or the paired t-test. Correlations
between variables were assessed by univariate linear
regression analysis. A value of P < 0.05 was considered
statistically significant.

RESULTS

Pharmacokinetic and Pharmacodynamic
Profiles of Cyclosporine

The demographics of patients at LDLT were similar in
the BID and QD groups except for the grafi-to-recipient
weight ratio (Table 1). A total of 344 measurements of
the blood cyclosporine concentration and 351 measure-
ments of CalN activity from the 2 groups were examined

18,
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Figure 1. Daily oral dose of cyclosporine in the BID (open
columns) and QD (closed columns) groups after LDLT. The
dotted line shows the average starting dose for all patients (8
mglkg/day, n = 14). Each column represents the mean + stan-
dard deviation.

in this study. Figure 1 shows the daily oral dose of
cyclosporine in the 2 groups, and Figure 2 shows the
profiles of the blood cyclosporine concentration and
CaN phosphatase activity during the first 2 weeks after
LDLT. The daily dosage did not differ significantly be-
tween the BID and QD groups (Fig. 1). The target C,
level in the BID group (500-800 ng/mL) was achieved
by POD 4, although the C, level was remarkably ele-
vated to near 600 ng/mL (Fig. 2). Since the cyclosporine
dosage in the BID group was reduced thereafter, the C,
level failed to reach significantly higher than the C,
level on POD 6, and became subtherapeutic after POD
10 (Figs. 1 and 2). In contrast, the C, levels in the QD
group were significantly higher than the C, levels, and
were maintained well within the target range
(800-1,000 ng/ml) without C, levels rising above 300
ng/mL throughout the first 2 weeks after LDLT (Fig. 2).

CaN activity relative to the baseline in the BID group
did not significantly differ between before dosing and at
2 hours postdose during the first 6 PODs, except on
POD 5 (Fig. 2). Although the CaN activity at 2 hours
postdose in the BID group was suppressed to around
20 to 50% of the baseline after the first week, the pre-
dose activity showed a progressive rising tendency, and
became higher than 50% of the baseline after POD 11
(Fig. 2). On the other hand, the CaN activity before
dosing in the @D group remained lower than half of the
baseline on each POD, excluding POD 2 (Fig. 2). Fur-
thermore, the activity at 2 hours postdose was signifi-
cantly inhibited compared with the predose activity ex-
cept on POD 9, and was persistently suppressed to
lower than 20% of the baseline throughout the first 2
weeks after POD 2 (Fig. 2).

Cyclosporine-related nephrotoxicity occurred in 4 of
5 patients in the BID group, while only 2 of 9 patients in
the @D group experienced the adverse event during the
first 2 weeks of transplantation. Within the first few
PODs, the mean serum creatinine level in both groups
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Figure 2. Blood cyclosporine concentra-

tion and Cal phosphatace activity in PB- 120
MCs in the BID and @D groups after

LDLT. Open and closed circles show data 09
measured before dosing and at 2 hours 80
postdose, respectively. The closed areas

show the target C, level (BID, 500-800 60
ng/mL; QD, 800-1,000 ng/mL). The dot- '
ted lines indicate the upper limit of the C,
level (300 ng/mL). The dashed lines indi-
cate the baseline CalN activity. Each sym-
bol represents the mean * standard devi- P
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showed no remarkable change. However, the mean se-
rum creatinine level in the BID group steadily increased
after POD 5, and remained above 1.0 mg/dL until POD
14. On the other hand, the mean serum creatinine level
in the QD group was overall lower than that in the BID
group, and no increase over 1.0 mg/dL was observed
throughout the first 2 weeks after transplantation.

Time Course of Blood Cyclosporine
Concentration and CaN Phosphatase Activity

Figure 3 shows the temporal profiles of the blood cyclo-
sporine concentration and CalN phosphatase activity on
PODs 6, 13, and 27. On POD 6, the C, level was almost
similar to the C4 level, and the T,,,,, was delayed behind
the first 4 hours postdose in the BID group (Fig. 3}. In
addition, CaN activity throughout dosing intervals in
the BID group was only partially inhibited relative to the
activity before dosing (Fig. 3). In contrast, the QD regi-
men using a higher dose per administration improved
cyclosporine absorption, and significantly increased
the pharmacokinetic parameters of C,, C . AUC,_4,
and AUC,_,, without elevating the C, level, compared
with the BID regimen (Fig. 3; Table 2). Moreover, the
T.nax became significantly shorter in the QD group than
the BID group (T,,. = 2.8 vs. 6.4 hours; Table 2). The
CL/F was smaller in the QD group than the BID group,
although the difference was not significant (CL/F =
0.54 vs. 0.96 L/hour/kg; Table 2). Notably, the CaN
activity at 2 hours postdose (CalN,) was significantly
decreased, and a more profound maximum CaN inhibi-
tionn was produced by the @D regimen compared with
the BID regimen (I,,.. = 76.0 vs. 32.0%:; Table 2}. The
AUA_,, and AUA, _,, were decreased by approximartely
42 and 25% with the QD regimen relative to the BID
regimen, respectively (Table 2). However, no significant
difference was found in the total 24-hour CaN activity
(AUAL_o,) as well as the corresponding cyclosporine

exposure (AUC;_5,4) between the 2 dosing regimens us-
ing a similar daily dose of cyclosporine (Table 2).

The C, levels reached around the respective target
ranges on POD 13 in the @D group and on POD 27 in
the BID group (Fig. 3; Table 2). A maximum CaN inhi-
bition occurred at around 2 hours postdose parallel to
the maximal blood concentration on POD 13 and 27
(Fig. 3; Table 2). Moreover, the mean CaN activity re-
covered to the predose levels by 12 and 24 hours post-
dose in the BID and QD groups, respectively. While the
daily dose of cyclosporine was tapered off on both
PODs, comparable AUC,_,, and AUA, _,, were achieved
in the 2 groups to those on POD 86, respectively (Table
2). Notably, the dose-corrected AUC,_, similarly in-
creased in all patients except 2, according to the in-
crease of POD during the first month after LDLT (Fig. 4).

Exposure and Response Relationship of
Cyclosporine

The AUC,_, was significantly correlated with the C,
level (r* = 0.95; P< 0.0001; Fig. 5A), but not with the C,
level (r*> = 0.01; P = 0.75). The correlation of the
AUA,_;, with AUC,_, did not reach a level of signifi-
cance because of the large interindividual variability.
However, there was a negative trend toward a lower
AUAg_1o at a higher AUC,_, when the mean values for
each group were compared (r* = 0.59; P = 0.23; Fig.
5B). Similarly, no significant correlation was docu-
mented between the AUA,_,, and AUCq_,, f* = 0.13;
P = 0.096; Fig. 5C}). On the other hand, a significant
correlation was found between the AUA,_,, and CaN
activity before dosing (CaN,; r* = 0.58; P < 0.0001) or
CaN activity at 12 hours postdose (CaN,,; r> = 0.90;
P < 0.0001). Furthermore, the AUA,_,, was related well
with CaN activity (r® = 0.74; P < 0.0001; Fig. 3D) and
CaN activity at 24 hours postdose (CaN,,; r* = 0.87;
P < 0.0001).
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TABLE 2. Pharmacokinetic (PK) and Pharmacodynamic (PD) Parameters of Cyclosporine in LDLT Patients

POD 6 POD 13 POD 27

Parameter BID (n = 5) @D n = §) QD (n = 6) BID (n = 3)

PK parameter
Co Ing/mlL) 348 £ 115 282 = 75 203 + 59 254 *+ 86
C, (ng/ml) 434 * 241 1,160 * 340* 1,140 = 424 807 * 371
Crax g/mL) 567 * 294 1,210 = 286* 1,250 = 343 807 % 371
Trax () 6.4 £ 3.6 2.8 £ 1.0% 27+ 1.0 20=x00
AUC,_4 (ng - h/ml) 1,690 + 821 3,550 = 789* 3,400 = 875 2,360 * 950
AUCy_15 (ng - h/ml) 5,610 * 2,770 8,460 * 1,600* 8,000 * 1,830 5,150 + 1,530
AUC, 04 (ng - h/ml) 11,200 = 5,530" 12,400 * 2,300 11,200 = 2,280 10,300 = 3,0601
Morning dose (mg/kg) 4.2 £0.6 6.5 * 1.8* 49=x1.5 28+ 09
Daily dose (mg/kg/day) 7.6 £2.4 6.5+ 1.8 49+1.5 4.1 £ 0.5
CL/F (L/h/kg) 0.96 * 0.62 0.54 + 0.14 0.43 = 0.08 0.62 = 0.40

PD parameter
CalNg (pmol/min/mg protein) 23.9x1.9 25.8 £ 15.9 269+ 12.6 36.2 = 14.4
CaN, (pmol/min/mg protein} 26.0 + 8.3 7.2 + 3.8* 48 = 1.4 14.4 + 10.1
Lax (% inhibition) 32.0 £ 20.8 76.0 = 9.9* 824 + 10.8 64.1 = 152
Taaar (1) 8.0 £ 3.7 3.3 £ 1.5¢ 2.7+ 1.0 2.0+ 0.0
AUA,_, 5 {(pmol - h/min/mg protein) 262 = 70 152 + 110* 161 * 88 345 = 147
AUAg_ 4 (pmol - h/min/mg protein) 525 = 1407 395 = 266 459 * 224 689 + 2951

NOTE: Values expressed as mean = SD.

Abbreviations: LDLT, living-donor liver transplantation; POD, postoperative days; BID, twice a day; @D, once a day; C,. trough
bload concentration; C,, blood concentration at 2 hours postdese; C, .., maximum blood concentration; T... time
corresponding to C.,,.; AUC4_4, area under the concentration-time curve from O to 4 hours; AUC,_;,, area under the
concentration-time curve from O to 12 hours; AUCj_,4, area under the concentration-time curve from 0 to 24 hours; CL/F,
apparent clearance; CalN,, calcineurin activity before dosing; CaN,, calcineurin activity at 2 hours postdose; I, maximum
caleineurin inhibition; T, 4, time corresponding to I ... AUA, .5, area under the calcineurin activity-time curve from 0 to 12
hours; AUA_,,, area under the calcineurin activity-time curve from O to 24 hours; SD, standard deviation.

*Significantly different from the mean value in the BID group on POD 6 (P < 0.05).

*The values were calculated as double the corresponding measurements for 12 hours.
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Figure 4. Time-dependent cyclosporine absorption during
the first monih afier LDLT. Open circles represent the dose-
corrected AUC,_, from 3 patients in the BID group, for whom
data were obtained on POD 6 and 27. Closed circles represent
the dose-corrected AUC,_, from 5 patients in the QD group,
for whom data were obtained on POD 6 and 13. Data from the
same patient are connected. ,

The relationship between the blood cyclosporine con-
centration and CaN phosphatase activity in PBMCs well
fitted to the E, .. model in each patient. The results for
3 patients are shown in Figure 6. The average values of
individual Bayesian estimates for E,,. and EC5, were

not significantly different between the BID and QD
groups (Table 3). The interindividual variability for E_.,
was relatively small (% coefficient of variation = 13.3%;
Table 3), while the ECg, value showed a large variability
among the patient population (% coefficient of varia-
tion = 65.3%; Table 3). CaN activity was inhibited con-
centration-dependently by cyclosporine, and the inhi-
bition was almost complete at blood cyclosporine
concentrations above 700 ng/mL, which was approxi-
mately 4 times the mean ECg, value (Fig. 6; Table 3).

DISCUSSION

Since the introduction of the microemulsion formula-
tion of cyclosporine (Neoral), the poor and variable ab-
sorption associated with the previous oily formulation
has improved.® However, it is often difficult to achieve
therapeutic C, levels in some patients who are given
cyclosporine in 2 divided doses immediately after liver
transplantation.® Oral administration of cyclosporine
orice a day may potentially overcome this problem by
increasing peak blood concentrations without elevating
C, levels. However, there have been few clinical inves-
tigations on the optimal use of cyclosporine as a single
daily administration in liver transplant patients. Inn the
present study. we have first compared the pharmaco-
kinetics and pharmacodvnamics of cyclosporine in de
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novo LDLT patients treated with the BID regimen vs.
QD regimen.

On POD 6, the QD regimen significantly improved
cyclosporine absorption, and provided comparable 24-
hour drug exposure and CalN activity to the BID regi-
men (Fig. 3; Table 2). During the first week of trans-
plantation, the C, levels in the BID group markedly
exceeded 300 ng/mL (Fig. 2), which might have been
responsible for the subsequent increase in serum cre-
atinine levels and more frequent nephrotoxicity than in
the QD group. Furthermore, the C, levels in the BID
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Figure 5. Correlations between pharmacokinetic parameters
(A), between exposure and response (B and C), and between
pharimacodynamic parameters (D) of cyclosporine in LDLT
patients. (A) AUC,_, vs. C, level for all points in the BID (open
circles) and QD (closed circles) groups. (B) Mean AUA,_, , val-
ues on POD 6 (open circle) and 27 (open square) in the BID
group, and on POD 6 (closed circle) and 13 (closed square) in
the @D group were compared with mean AUC,_,, respectively.
Error bar indicates standard deviation. (C) AUA; ,, vs.
AUC, _,, for all points in the BID (open circles) and QD (closed
circles) groups. (D) AUA,_,, vs. CaN, activity for all points in
the BID (open circles) and @D (closed circles) groups.
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group became subtherapeutic after POD 10 due to the
continuous dosage reduction because of the onset of
nephrotoxicity (Figs. 1 and 2). On the other hand, the
C, levels in the @D group were well controlled overall
within the target range (800-1,000 ng/mL) without C,
levels rising above 300 ng/mkL, and the CaN activities
both before dosing and at 2 hours postdose were per-
sistently suppressed to lower than half of the baseline
throughout the first 2 weeks after LDLT (Fig. 2). These
preliminary results suggest that the QD regimen may
improve the cyclosporine pharmacokinetics and reduce
the incidence of nephrotoxicity, without compromising
the pharmacodynamic profile for CaN inhibition early
after LDLT.

Interestingly, the QD regimen using a higher dose per
administration significantly increased the rate and de-
gree of cyclosporine absorption compared with the BID
regimen on POD 6 (Fig. 3; Table 2). The apparent clear-
anice of cyclosporine in the QD group showed a ten-
dency to decline as compared with that in the BID
group on POD 6 (Table 2), suggesting nonlinear
changes in the cyclosporine pharmacokinetics. Lown et
al.'® reported that intestinal P-glycoprotein content sig-
nificantly correlated with the oral bioavailability of cy-
closporine. We have recently found that P-glycoprotein
plays an important role in limiting the oral absorption
of cyclosporine in LDLT patients.*® Therefore, the non-
linear changes in the dose-concentration relationship
might be partly explained by an altered absorption pro-
file caused by the overcoming of the absorptive barrier
of P-glycoprotein in the intestine.

A stable absorption of cyclosporine and CaN inhibi-
tion parallel to the blood drug concentration were ob-
served on POD 13 in the QD group as well as on POD 27
in the BID group (Fig. 3). Notably, despite a similar
12-hour drug exposure (AUC,_,,), the higher C, level of
cyclosporine produced a greater maximum CaN inhibi-
tion (1,,....,J on POD 27 than did cyclosporine on POD 6 in
the BID group (Fig. 3; Table 2), indicating that the C,
level of cyclosporine may be relevant to temporal CaN
inhibition. We found that the dose-corrected AUC,_,
increased with POD during the first month after LDLT
(Fig. 4). Similar results were also reported among de
novo liver transplant recipients in the Liver Investiga-
tional Study of Neoral C2 vs. Tacrolimus (LIS2T}
study,'” demonstrating a pronounced increase in C,

Patient 9

o

i=1
T
T

Cal activity
{pmolininfmg protein)

Figure 6. Relationship between blood cy-
closporine concentration and CalN phos-
phatase activity in PBMCs in 3 typical pa-
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TABLE 3. Individual Bayesian Estimates for Pharmacodynamic Parameters of Cyclosporine in LDLT Patients
Patient Emax (pmol/min/mg protein) ECsq (ng/mlL)
BID group
1 62.0 199
2 53.1 181
3 61.6 209
4 82.6 465
5 66.3 100
Total (n = 5) 65.1 = 10.9 231 * 138
QD group
6 62.0 132
7 64.9 119
8 70.2 110
9 86.0 64
10 66.7 286
11 67.9 101
12 66.3 302
13 69.3 115
14 56.0 47
Total (n = 9) 67.7 £ 8.1 142 + 91
All(n = 14) 66.8 * 8.9 (13.3%)* 174 = 113 (65.3%)*
NOTE: Values expressed as number or mean * SD.
Abbreviations: LDLT, living-donor liver transplantation; BID, twice a day; QD, once a day; E..,, maximum inhibitory effect;
ECsg,, blood concentration that gives a half-maximal effect; SD, standard deviation.
*The values in parentheses denote % coefficient of variation.

per dose ratio during the first 3 months after transplan-
tation. Although drug metabolism in the grafted liver
has been shown to increase according to the increase of
POD in LDLT patients given tacrolimus, '® the apparent
clearance of cyclosporine paradoxically decreased over
time in both groups (Table 2). These findings imply that
the recovery in cyclosporine absorption might be
greater than that in the hepatic clearance of cyclospor-
ine within the early postoperative period of LDLT.

As has been shown in a previous study,” the C, level
was significantly correlated with AUC,_, (Fig. 5A). In
addition, a negative, but not significant, relationship
was observed between the AUC,_, and AUA,_,, (Fig.
5B). Caruso et al.'® reported no significant correlation
of the AUC,_,, with the area under the CaN activity in
whole blood-time curve over 12 hours in renal trans-
plant recipients treated with cyclosporine twice daily.
We also found no significant correlation between the
AUC,_,, and AUA,_,, in our LDLT patients (Fig. 5C).
However, the AUAq_,, and AUA,_,, were significantly
correlated with the CaN activity at trough time points
(Fig. 5D). Therefore, the present findings suggest that
C, levels may be predictive of cyclosporine absorption
as well as CaN inhibition in PBMCs early after LDLT.
Furthermore, since a large interindividual variability
was found in the relationship between cyclosporine ex-
posure and CaN activity (Figs. 5 and 6; Table 3), the
monitoring of CaN activity at trough time points would
be useful to predict the overall CaN activity in LDLT
patients given cyclosporine once or twice daily.

Hardinger et al.*® have shown that tacrolimus given
once daily at 85% of the twice-daily dose provides safe
and equivalent drug exposure to twice-daily dosing in

kidney transplant recipients. However, the optimal dos-
age adjustment or target C, levels for the QD regimen of

" cyclosporine in LDLT patients remain to be clarified.

Moreover, it is currently unknown whether the high C,
levels or AUC,_, achieved by the QD regimen increases
the incidence of neurotoxicity such as headache and
nausea, although these averse events have been re-
ported to occur within 2 hours postdose in renal trans-
plant recipients given cyclosporine once daily.?! In the
present study, we confirmed that CaN activity was
closely related with the blood cyclosporine concentra-
tion as reported previously,'®?? and found that the
enzyme activity was almost completely inhibited at
blood cyclosporine concentrations above 700 ng/mL
(Fig. 6). Taking these findings into consideration, single
daily administration of cyclosporine to ensure C, levels
of around 700 ng/mL without elevating C levels above
300 ng/mL might be safe and effective for adequate
CaN inhibition early after LDLT. However, our small
sample size does not allow us to draw any conclusions
on the clinical usefulness of the once daily dosing reg-
imen of cyclosporine. Further prospective analysis in a
large population should be performed to clarify the
long-term safety and efficacy of a single daily adminis-
tration of cyclosporine in de novo LDLT patients.

In conclusion, we have shown that C, monitoring is
useful to evaluate the absorption profile as well as CaN
inhibition in PBMCs, and that CaN activify at trough
time points is a single surrogate predictor for the overall
CaN activity throughout 12-hour and 24-hour dosing
intervals in LDLT patients given cyclosporine. In addi-
tion. the present study suggests that a once daily mormn-
ing administration of cyclosporine may be a novel and
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convenient strategy for achieving adequate cyclospor-
ine exposure and effective CalN inhibition early after
LDLT.
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Clinical Outcomes of Living Donor Liver
Transplantation for Hepatitis C Virus (HCV)-Positive
Patients

Yasutsugu Takada,* Hironori Haga,” Takashi Ito,' Motoshige Nabeshima,” Kohei Ogawa,’
Mureo Kasahara,! Fumitaka Qike,l Mikiko Ueda," Hiroto Egawa,’ and Koichi Tanaka’

Background. Whether hepatitis C virus recurrence occurs earlier and with greater severity for living donor liver
transplantation (LDLT) than for deceased donor liver transplantation (DDLT) has recently become a subject of debate.
Methods. We retrospectively evaluated clinical outcomes for a cohort of 91 HCV-positive patients who underwent
LDLT at Kyoto University with a median follow-up period of 25 months.

Results. Overall 5-year patient survival for HCV patients was similar to that for non-HCV patients (n=209) who
underwent right-lobe LDLT at our institute (69% vs. 71%). Survival rate of patients without HCC (n=34) tended to be
better than that of patients with HCC (n==57) {82% vs. 60%, P=0.069). According to annual liver biopsy, rate of fibrosis
progression to stage 2 or more (representing significant fibrosis) was 39% at 2 years after LDLT. Univariate analysis
showed that fernale recipient and male donor represented significant risk factors for significant fibrosis. Progression to
severe recurrence (defined as the presence of liver cirrhosis (F4) in a liver biopsy and/or the development of clinical
decompensation) was observed in five patients.

Conclusions. Postoperative patient survival was similar for HCV-positive and -negative recipients in our adult LDLT
series. Rates of progression to severe disease due to HCV recurrence seemed comparable between our LDLT recipients
and DDLT recipients described in the literature. Although longer-term follow-up is required, our results suggest that
LDLT can produce acceptable outcomes also for patients suffering from HCV-related cirrhosis.

Keywords: Hepatitis C virus, Living donor, Recurrence.

(Transplantation 2006;81: 350-354)

hronic hepatitis C virus (HCV) has become a global ep-

idemic, with an estimated 200 million people currently
infected worldwide. Nowadays, HCV-related cirrhosis is the
most cominon indication for liver transplantation. However,
recurrence of HCV infection is universal and often occurs
immediately after transplantation (I). The prevalence of
chronic hepatitis C in HCV-positive liver transplant recipi-
ents is 70-90% after 1 year, and rate of fibrosis progression is
accelerated so that 20-40% of patients progress to allograft
cirrhosis within 5 years (2—6). As a result, graft and patient
survival is significantly reduced for HCV-positive recipients
compared with HCV-negative recipients (6-7).

In Japan, too, HCV-related cirthosis and hepatocel-
lular carcinoma (HCC) represent the most prevalent liver
diseases, and living donor liver transplantation (LDLT) has
become a treatment option for patients with these diseases.
However, a warning was recently issued by some Western
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transplant centers that HCV recurrence may occur earlier
and with greater severity, and graft loss caused by recurrent
HCV may be more frequent for LDLT than for deceased
donor liver transplantation (DDLT) (8§-11). Some sugges-
tions have been offered for mechanisms that could increase
graft damage in HCV-infected LDLT recipients (12). First,
because the right hepatic lobe graft undergoes intense regen-
eration immediately after LDLT, specific cellular changes oc-
curring during this vigorous proliferative response may facil-
itate entry of HCV into hepatocytes or promote HCV
replication. Second, since most living donors are primary rel-
atives of the recipient, increased genetic similarity and a
higher degree of HLA matching between donor and recipient
compared with DDLT may affect the severity of recurrent
HCV infection. Conversely, more recent studies have re-
ported comparable results between LDLT and DDLT (13-
15). Such discrepancies may be explained in part by the small
numbers of LDLT patients included in these studies, or learn-
ing curve effects on recent data associated with increased ex-
perience (16).

This issue has attracted worldwide attention because,
given the shortage of deceased donor organs, increasing
numbers of patients are choosing to undergo LDLT. The mat-
ter is of critical importance in Japan and countries where
almost all liver transplantations use living donor grafts. The
present study retrospectively evaluated clinical outcomes for
a comparatively large cohort of 91 patients who underwent
LDLT for HCV-related cirrhosis at our institute. We investi-
gated the frequency and severity of posttransplant recurrence
of chronic HCV hepatitis and examined risk factors in order
to clarify the role of LDLT in the treatment of patients with
HCV cirrhosis.
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PATIENTS AND METHODS

Patients

Between March 1999 and April 2005, LDLT was per-
formed at Kyoto University on 105 patients with HCV cirrho-
sis. Of these, 91 patients (61 men, 30 women) who had un-
dergone LDLT by June 2004 and had been followed up for
>12 months were included in this study (Table 1). Median
age of subjects was 55 years (range, 30—69 years). Median
model for end-stage liver disease (MELD) score was 16
(range, 4—33). HCV cirrhosis was accompanied by HCCin 57
patients (63%), including 25 who exceeded Milan criteria.
Median MELD scores in groups with and without HCC were
15 (range, 4-33) and 18 (range, 9-33), respectively
(P=0.015, Mann-Whitney U test).

All patients were positive for anti-HCV antibody before
the operation. Preoperative HCV RNA load, measured using
the polymerase chain reaction (PCR) method with an Ampli-
cor HCV assay (Roche Molecular Systems, Pleasanton, CA),
was obtained for 74 patients, with a median value of 260
kIU/ml (range: <0.5-2400). Patients treated during the early
period, in whom viral load was measured only using DNA
probe methods, were considered to lack relevant data. HCV
genotype, determined using a system based on PCR with gen-
otype-specific primers (17), was: 1b (n=52); 2a (n=6); 2b
(n=3); others (n=2); not determined (low viral load, n=3);
or not examined (n=25).

LDLT using a right-lobe graft was performed on all
except two patients who received left lobe grafts. Operative
procedures for donor and recipient surgery have been de-
scribed elsewhere (18, 19). Donors were 52 men and 39

TABLE 1. Preoperative profile and clinical
characteristics
Characteristic Data
n 91
Recipient sex (male/female) 61/30
Median recipient age, years 55 (30-67)
(range)
Child-Pugh grade (A/B/C) 2/26/63
Median MELD score (range) 16 (4-33)
Pretransplant HCC (yes/no) 57134
HCV genotype (1b/2a/2b/others) 52/6/3/2

Median HCV-RNA, kKIU/mL 260 (<<0.5-2400)

(range)
Pretransplant interferon therapy 30/61
(yes/no)
Median donor age, years 40 (19-64)
(range)
Donor gender (male/female) 52/39
Relation to recipient 57/34
(related/unrelated)
ABO blood-type mismatch 15/76
(yes/no)
HLA-A,B mismatch (=2/=3) 70/21
HLA-DR 2 mismatch (yes/no} 26/65
GRWR =1.0% (yes/no) 5437
Immunosuppression (FR/CyA) 3376
Steroid-free induction {yes/no) 19/72
Methyvlpredniselone boluses 32/39

for rejection {ves/no)
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women, with a median age of 40 years (range, 19— 64 years).
Relationship to the recipient was: child (n=36); spouse
(n=34); sibling (n=17); parent (n=1); or other (n=3). ABO
blood-type matching was incompatible in 15 cases.

After discharge, patients were scheduled for monthly
visits to the outpatient clinic for the first year. Median dura-
tion of follow-up was 25 months (range, 1-72 months).

Immunosuppression

The standard immunosuppression protocol comprised-
tacrolimus and low-dose steroid (20). The target whole-
blood trough level for tacrolimus was 10—15 ng/ml during the
first 2 weeks, approximately 10 ng/ml thereafter, and 5-8
ng/ml from the second month. Cyclosporine microemulsion
was administered instead of tacrolimus for induction immu-
nosuppression in six patients. Steroid therapy was initiated at
a dose of 10 mg/kg before graft reperfusion, then tapered
from 1 mg/kg/day on day 1 to 0.3 mg/kg/day until the end of
the first month, followed by 0.1 mg/kg/day until the end of
the third month. After this time, steroid administration was
terminated. As an exception, 13 patients received steroid-free
tacrolimus monotherapy as an induction procedure in an at-
tempt to reduce HCC recurrence. In addition, four patients
were assigned to a tacrolimus plus mycophenolate mofetil
(MMF) (without steroid) group in a prospective comparative
study started in March 2004 to evaluate the effects of steroid-
free immunosuppression on recurrence of HCV. Another
two patients transplanted with grafts from an identical twin
did not receive any immunosuppressive treatment.

Patients who received ABO blood-type incompatible
transplants were treated with preoperative plasma exchange
or double-filtration plasmapheresis in order to reduce anti-A
or B antibody titers. During the first 3 weeks postoperatively,
prostaglandin El and additional steroids were administered
via the portal vein or hepatic artery (21). Cyclophosphamide
was also given intravenously for the first 2 weeks, and then
orally.

Acute rejection episodes were documented by means of
liver histology (22) and treated with methylprednisolone bo-
luses if moderate or severe. OKT-3 was used for only one
patient. MMF or azathioprine was added for patients who
experienced refractory rejections or required reduction of ta-
crolimus dose due to adverse effects.

Antiviral Therapy

Prophylactic antiviral therapy for HCV was not admin-
istered. As a rule, antiviral treatment was used for patients
with recurrent chronic hepatitis C. The treatment protocol
consisted of interferon a2b (3—6X10° units 3 times/week)
plus ribavirin (400-800 mg/day orally for the first 6 months),
followed by interferon monotherapy for 6 months.

Histological Assessment

A total of 398 liver biopsies were evaluated when pa-
tients displayed liver enzyme levels elevated more than two to
three times the normal upper limit, or at yearly intervals when
informed consent was obtained. Annual follow-up biopsies
were obtained from 60 patients at 1 year after LDLT, 34 pa-
tientsat 2 vears, 14 patients at 3 years, 6 patients at 4 years, and
1 patlent at 3 years. Biopsy specimens were evaluated by a
single pathologist (H.H.) with extensive experience in the pa-
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thology of liver transplantation. Necroinflammatory activity
(A0-A4) and fibrosis stage (FO-F4) were assessed using the
METAVIR score (23, 24). Fibrosis of stage 2 or higher was
defined as significant fibrosis and was used as one of the end-
points in this study. A stage score of 2 was considered easily
separable from stage 1 as a dividing point, as stage 1 involves
fibrosis confined to the portal tract.

Prognostic Factors for Patient Survival and HCV
Recurrence

A total of 18 variables potentially associated with pa-
tient survival and HCV recurrence were evaluated. Pretrans-
plantation variables included: recipient age; recipient gender;
Child-Pugh grade; MELD score; presence of HCC; HCV ge-
notype (1b vs. non-1b); HCV viral load; and history of previ-
ous antiviral treatment with interferon. Donor-related vari-
ables comprised: age; gender; relation to the recipient (related
vs. unrelated); ABO-blood type and HLA compoatibilities;
graft-to-recipient body weight ratio (GRWR: <1.0% vs.
=1.0%). Posttransplant variables were: induction immuno-
therapy (tacrolimus vs. cyclosporine, with or without ste-
roid); and administration of steroid boluses.

Statistical Analysis

Overall survival, time to reach fibrosis of stage 2 or
more according to liver biopsy (with time to last biopsy for all
patients who did not reach fibrosis of stage 2), and time to
severe HCV recurrence were evaluated. Severe HCV recur-
rence was defined as the presence of liver cirrhosis (F4) in a
liver biopsy and/or the development of clinical decompensa-
tion secondary to liver diseases with portal hypertension (11).
Cumulative probability curves of survival or HCV recurrence
were calculated using the Kaplan-Meier method, and differ-
ences between these curves were compared using the log-rank
test. The cutoff chosen for quantitative variables was the me-
dian, unless stated otherwise. Any variable identified as sig-
nificant (P<<0.05) in univariate analysis by log-rank testing
was considered a candidate for multivariate analysis using
Cox’s proportional hazards regression model. Values of
P<C0.05 were considered statistically significant.

RESULTS

Patient Survival .

As of the end of May 2005, 65 patients were still alive.
One patient had received re-LDLT for graft cirrhosis due to
HCV recurrence 31 months after first LDLT and has survived
14 months since then. Causes of death for the 26 patients
were: sepsis (n=11); peritonitis (n=4); pneumonia (n=3);
recurrent HCC (n=4); chronic rejection (n=2); veno-occlu-
sive disease (n=1); and recurrent HCV (fibrosing cholestatic
hepatitis (FCH), n=1). Overall patient survival rate at 5 years
was 69%, similar to that of 209 non-HCV patients (71%) who
underwent right-lobe LDLT at our institute between Febru-
ary 1998 and June 2004 (PBC/PSC, n=36; HBV cirrhosis,
n=33; fulminant hepatitis, n=38; cholestatic disease, n=19;
and others, n=43; Fig. 1). Among HCV-positive patients,
S-year survival rate tended to be better In patients without
HCC (n=34) than in patients with HCC (n=37), although
no significant difference was identitied (82% vs. 60%,
P=0.069; Fig. 2). None of the variables listed above as prog-
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FIGURE 1. Patient survival after living donor liver trans-
plantation (HCV vs. non-HCV). Overall patient survival rate
for HCV-positive patients was 69% at § years, similar to that
for non-HCV patients (71%, n=209) who underwent right-
lobe LDLT at our institute between February 1998 and June
2004.

Survival rate (%)

100
Without HCC
80
60 X
With HCC
40 -
20
0 -
] T ¥ T T T
0 1 2 3 4 5
Number at risk Years after LDLT
Without HCC 34 28 19 15 7 4
With HCC 57 42 28 17 11 1
FIGURE 2. Patient survival for HCV patients (with vs.

without HCC). Among HCV-positive patients, survival rate
tended to be better for patients without HCC (n=34) than
for patients with HCC (n=87), although no significant differ-
ence was found (82% vs. 60%, P=0.069).

nostic factors for patient survival and HCV recurrence dis-
played any significantly associations with patient survival.

Evaluation of Liver Histology

During the first year after LDLT, necroinflammatory
changes suggesting recurrent hepatitis C were observed in 50
patients: Al in 32 patients; A2 in 17 patients; and A3 in one
patient. Afterwards, the percentage of patients who received
biopsy among those alive at vearly intervals was as follows: 1
vear, 86% (60/70); 2 vears, 72% (34/47); 3 years, 44% (14/32);
4 years, 3396 (6/18); and 5 years, 20% (1/3). Ten patients who
were alive for >1 year (range, 22-72 months) without any
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evidence of progressive liver disease never underwent any bi-
opsy at 1 year or later. Significant fibrosis (stage 2 or more)
was identified in 23 patients, including 3 patients who devel-
oped to fibrosis of stage 4 within 1 year. Excluding 19 patients
who died within 1 year without identified fibrosis and the 10
patients alive without biopsy for >1 year, cumulative proba-
bility of significant fibrosis was 19% at 1 year after LDLT, 39%
at 2 years, and 58% at 3 years. Follow-up was censored at the
time oflast biopsy for all patients who did not reach fibrosis of
stage 2.

The results from univariate analysis of risk factors for
significant fibrosis are summarized in Table 2. Female recip-
ient and male donor were significantly associated with devel-
opment of significant fibrosis. Analysis of quantitative vari-
ables, donor age and GRWR, demonstrated that rate of
significant fibrosis was not significantly different even when
cutoff levels were changed. Multivariate analysis with Cox’s
hazards model showed that neither fernale recipient nor male
donor represented independent risk factors for significant fi-
brosis (data not shown).

Severe Recurrence of HCV

FCH was diagnosed in two patients, one of whom died
of liver failure 7 months after LDLT. The other patient suf-
fered from FCH 2 months after LDLT, but recovered from
cholestasis and was still alive after 28 months. Final liver bi-
opsies of both patients showed fibrosis of stage 4. Another
three patients also developed fibrosis of stage 4 during follow-
up. One patient whose liver biopsy led to a diagnosis of recur-
ring chronic hepatitis with F3 fibrosis 10 month after LDLT
also suffered from stenosis of duct-to-duct biliary anastomo-
sis. This patient underwent hepaticojejunostomy, but died of
fungal pneumonia 1 month later. Liver histology at autopsy
revealed F4 fibrosis. Another patient received re-LDLT for
recurrent decompensated cirrhosis, as described above. The
other patient who developed to biopsy-proven stage 4 fibrosis
at 50 months was alive without decompensation as of 63
months after LDLT. In total, severe recurrence (progression
of biopsy-proven cirrhosis and/or occurrence of clinical de-
compensastion) was diagnosed in five patients, and cumula-
tive probability of severe recurrence was 8% at 2 years. Of the
five patients presenting with severe recurrence, three were
female and all had received the liver graft from a male donor.

TABLE 2. Risk factors associated with fibrosis of stage 2
or higher
Recurrence rate
{number of patients at risk)

Factors n  lyear 2years 3years Pvalue
Total” 62 19% (50) 39% (14) 58% (5)
Recipient sex 0.006

Male 40 10% (36) 27% (10) 48% (4)

Fernale 22 36% (14) 60% (4)  70% (1)

Donor sex 0.047

Male 36 23%(28) 49% 16)  39% (1}

Fernale 26 129 (22) 26% (8)  47% (4)

“The 19 patients who died within 1 year without identified fibrosis and
the 10 patients alive without biopsy for >1 year were excluded.
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DISCUSSION

In the present study, only one patient had died of re-
current HCV as of the time of writing, and the majority of
posttransplant deaths were attributable to postoperative
complications occurring within a few months after LDLT.
Infectious complications such as sepsis, pneumonia and peri-
tonitis represented the most common causes of early mortal-
ity, as was the case in HCV-negative recipients. One-year
mortality rates were 23% and 25%, respectively. Currently,
overall 5-year patient survival rate for HCV-positive patients
appears similar to that for non-HCV patients in our adult
LDLT series (69% vs. 71%; Fig. 1). Of the 91 patients, HCC
was present in 57 (63%), including 25 patients who exceeded
the Milan criteria. Four patients died of recurrent HCC after
LDLT, and the survival rate tended to be lower for patients
with HCC than for patients without HCC (82% vs. 74% at
1 year, and 82% vs. 60% at 5 years; Fig. 2). Only one patientin
this cohort had to undergo re-transplantation, and 5-year
graft survival rates were 68% for all patients and 82% for
patients without HCC. These results are comparable to the
reported DDLT outcomes in the UNOS database: patient
and graft survival rates of HCV-positive patients (n=3955)
at 2 years were 81% and 75%, respectively (13); and rates for
HCV-positive but HCC-negative patients (n=5640) at 5
years were 74.6% and 69.9%, respectively (7).

Progression of fibrosis due to recurrent chronic hepa-
titis is key to determining graft prognosis after liver trans-
plantation for HCV-positive recipients. In the present study,
progression of fibrosis in the liver biopsy was assessed and
fibrosis to stage 2 or more was defined as significant fibrosis.
The probability of progression to significant fibrosis was 39%
at 2 years after LDLT. Several risk factors associated with
posttransplant recurrence of hepatitis C have been identified
(5, 25-27). These include pretransplant viral load, genotype
1b, donor age and graft steatosis, recipient age, race, gender,
coexistence of HCC, and rejection treatment using bolus ste-
roid or antilymphocyte preparations. Among the 18 potential
variables examined in our study, univariate analysisidentified
female recipient and male donor as closely related to signifi-
cant fibrosis. However, multivariate analysis showed that nei-
ther variable represented a significant independent risk fac-
tors. Actually, some correlation among these two variables
was noted. Of the 30 female recipients, 24 had received a liver
graft from a male donor (son or husband). An association
between female gender of the recipient and severity of recur-
rent HCV has been demonstrated in previous studies (6, 7).
However, no previous reports have implicated gender of the
donor as an involved factor. Although difficulty exists in de-
termining which is the predominant factor, the combination
of male donor and female recipient may exert a negative im-
pact on HCV recurrence.

Rapid proliferation of hepatocytes during postopera-
tive graft regeneration may contribute to a higher rates of
both HCV replication and severe recurrence in LDLT (11).
This seems to imply a -higher risk of recurrence in cases in-
volving smaller grafts, which are supposed to undergo regen-
eration at a higher rate. Our study, however, showed that
progression of significant fibrosis was similar for patients
who received grafts with GRWRs of <1.0% or =1.0%. This
result is supported by a recent report (28) showing that liver
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regeneration following partial liver transplant does not in-
crease the risk of HCV recurrence. Likewise, neither the rela-
tionship between donor and recipient nor degree of HLA
matching seemed to influence recurrence. The results of our
study thus do not support the hypothesis that these factors
may exert negative effects on HCV recurrence in LDLT pa-
tients.

Due to the small number of patients treated using
DDLT in Japan, HCV recurrence rates could not be com-
pared between DDLT and LDLT. In previous studies on HCV
recurrence after DDLT (1, 13, 25, 29, 30), histologically diag-
nosed recurrence of chronic HCV occurred in 65-90% of
HCV-positive DDLT recipients during the first 2 years. How-
ever, a lack of uniform definitions for recurrent HCV, even
when histological liver biopsy findings are used as criteria, has
been indicated as one reason for the difficulties in comparing
studies on HCV recurrence (31). Recently, a report from
Spain demonstrated that severe recurrence of hepatitis C, de-
fined as the development of cirrhosis or clinically decompen-
sated liver disease, is more frequent in LDLT recipients (11).
According to this report, the 2-year probability of developing
severe recurrence was 45% after LDLT, compared to 22%
after DDLT (P=0.019). When the same definitions were
applied, rate of severe recurrence was only 8% at 2 years in
our study. Arguably as many as 19 patients (21%) died within
1 year before developing HCV recurrence in our series. How-
ever, considering that the probability of either death or severe
recurrence was 29% at 2 years, the results for our LDLT series
were not likely to be greatly inferior to other reported cases.

In conclusion, postoperative patient survival was simi-
lar for HCV-positive and -negative recipients in our adult
LDLT series. Rate of recurrence for chronic HCV and preva-
lence of progression to severe disease for our LDLT recipients
appeared comparable to those for DDLT reported in the lit-
erature. Although these results need to be confirmed with a
longer follow-up period, the present findings suggest that
LDLT can produce acceptable outcomes for patients suffer-
ing from end-stage liver disease due to chronic HCV.

REFERENCES

1. Gane E. The natural history and outcome of liver transplantation in
hepatitis C virus-infected recipients. Liver Transplant 2003; 9: $28-534.
Prieto M, Berenguer M, Rayon J, et al. High incidence of allograft
cirrhosis in HCV genotype 1b following transplantation. Hepatology
1999; 29: 250-256.

3. FerayC, Caccamo L, Alexander G, etal. HCV and liver transplantation:
Preliminary results of a European collaborative study on factors influ-
encing outcome after liver transplantation for hepatitis C. Gastroenter-
ology 1999; 117: 619-625.

4. Sanchez-Fueyo A, Restrepo J, Quinto L, et al. Impact of recurrence of

HCV infection after liver transplantation on the long-term viability of

the graft. Transplantation 2002; 73: 56-63.

Berenguer M, Prieto M, Juan FS, et al. Contribution of donor age to the

recent decrease in patient survival among HCV-infected liver trans-

plant recipients. Hepatology 2002; 36: 202-210.

6. Forman L, Lewis J. Association between hepatitis C infection :md sur-
vival after 31orthotopic liver transplantation. Gastroenterology 2002;
122: 889-896.

7. Velidedeoglu E, Mange KC, Frank A, ctal. Factors ditferentially corve-

lated with the outcome of liver tr'lnsphnmion in HCV+ and HCV-

recipients. Transplantation 2004; 77: 1834-1842

Gaglio PT, Malireddy S, Russo RS, et al. Hepmm; C recurrence in re-

~

w

o

Transplantation * Volume 81, Number 3, February 15, 2006

cipients of grafts from living vs cadaveric liver donors [abstract]. Hepa-
tology 2002; 36: 265A.

9. Ghobrial RM, Amersi F, Farmer DG, et al. Rapid and severe early
HCV recurrence following adult living donor liver transplantation
[abstract]. Am J Transplant 2002; 2: 163A.

10.  Gaglio PJ, Malireddy S, RusLevitt BS, et al. Increased risk of cholestatic
hepatitis C in recipients of grafts from living versus cadaveric liver
donors. Liver Transpl 2003; 9: 10281035,

11. Garcia-Retortillo M, Forns X, Llovet JM, et al. Hepatitis C recurrence is
more severe after living donor compared to cadaveric liver transplan-
tation. Hepatology 2004; 40: 699-707.

12, Everson GT; Trotter ]. Role of adult living donor liver transplantation
in patients with hepatitis C. Liver Transpl 2003; 9: $64—568.

13. Russo MW, Galanko J, Beavers K, et al. Patient and graft survival in
hepatitis C recipients after adult living donor liver transplantation in
the United States. Liver Transpl 2004; 10: 340-346.

14. Bozorgzadeh A, Jain A, Ryan C, et al. Impact of hepatitis C viral infec-
tion in primary cadaveric liver allograft versus primary living-donor
allograft in 100 consecutive liver transplant recipients receiving tacroli-
mus. Transplantation 2004; 77: 1066-1070.

15, Shiffman ML, Stravitz RT, Contos MJ, et al. Histologic recurrence of
chronic hepatitis C virus in patients after living donor and deceased
donor liver transplantation. Liver Transpl 2004; 10: 1248-1255.

16.  Sugawara Y, MakuuchiM. Should living donor liver transplantation be
offered to patients with hepatitis C virus cirrhosis? | Hepatol 2005; 42:
472-475.

17.  Ohno T, Mizokami M, Wu RR, et al. New hepatitis G virus (HCV)
genotyping system that allows for identification of HCV genotypes la,
1b, 2a, 2b, 3a, 3b, 4, 5a, and 6a. ] Clin Microbiol 1997; 35; 201-207.

18. Inomata Y, Uemoto S, Asonuma K, et al. Right lobe graft in living
donor liver transplantation. Transplantation 2000; 69: 258-264.

19.  Kasahara M, Takada Y, Fujimoto Y, et al. Impact of with middle hepatic
vein graft in right lobe living donor liver transplantation. Am J Transpl
2005; 5: 1339-1346.

20. Tnomata Y, Tanaka K, Egawa H, et al. The evolution of immunosupres-
sion with FK506 in pediatric living related liver transplantation. Trans-
plantation 1996; 61: 247-252.

21.  Tanabe M, Shimazu M, Wakabayashi G, etal. Intraportal infusion ther-
apy as a novel approach to adult ABO-incompatible liver transplanta-
tion. Transplantation 2002; 73: 1959-1961.

22, Banff'schema for gradingliver allograft rejection: an international con-
sensus document. Hepatology 1997; 25: 658-663.

23.  Bedossa P, Poynard T, for the METAVIR Cooperative Study Group. An
algorithm for the grading of activity in chronic hepatitis C. Hepatology
1996; 24: 289-293.

24. Poynard T, Bedossa P, Opolon P, for the OBSVIRC, METAVIR,
CLINIVIR, and DOSVIRC groups. Natural history of liver fibrosis pro-
gression in patients with chronic hepatitis C. Lancet 1997; 349: 825
832.

25.  Berenguer M, Prieto M, Cordoba], et al. Early development of chronic
active hepatitis in recurrent hepatitis C virus infection after liver trans-
plantation: association with treatment of rejection. ] Hepatol 1998; 28:
756-763.

26.  Wiesner RH, Rakela ], [shitani MB, et al. Recent advances in liver trans-
plantation. Mayo Clin Proc 2003; 78: 197-210.

27.  Berenguer M. What determines the natural history of recurrent hepa-
titis C after liver transplantation. J Hepatol 2005; 42; 448-479.

28.  Humar A, Horn K, Kalis A, et al. Living donor and split-liver trans-
plants in hepatitis C recipients: Does liver regeneration increase the risk
for recurrence? An J Transplant 2003; 5: 399-405,

29. Gane EJ, Portmann BC, Naoumov NV, et al. Long-term outcome of
hepatitis C infection after liver transplantation. N Engl | Med 1996; 334:
§15-820.

30.  Shuhart MC, Bronner MP, Gretch DR, et al. Histological and clinical
outcome after liver transplantation for hepatitis C. Heparology 1997;
26: [646-16852.

31 Russo MV, Shrestha R. Is severe recurrent hepatitis C more common
after adult living donor liver transplantation? Hepatology 2004; 40:

3243-3246,

— 416 —




FF il e D -FF 56 13

= B o® X
AR I SN

o noEs &

W T B D

+F H ® F*
H F o# —=

FREIHEE | JFiasE, AFReAE, EfITRE, AR

FEEEEEY:

I E TOFMBERE T A GRS
BABMENFIEE O 72 D 1 IEEE O BRI R &
n, FFMERRPIFRY 4 VAICREEL L
%@bﬁ%ﬁﬂiéﬁ%ﬁ%%ﬁﬁ%—ﬁi
FFREREISIRTRZE DR E L RIFICEDERICH
B &M B e PRARRIZIEE T %étmvﬂ
BH B, FOEAFTH RIS 5 LT
BAEDTR AT A L9k, FFMBLEIC
FLUTHEMEFBENITEAINTWVS, L
L, BHEGOBHEREIIMEREICKES 228
52, FIOETRIIEEBREENENI L
REANTWA, KIFTIE, FKTORMILITHE
BT M EBREICHET A M %38 L,
FREESOMRTOINE TOFMIEEIC
5B ERIF IO RGEE BT 5.

B |FHERE I T 5 B

15~30% & FORMEIEIARTH o 12173,
F LT, FFREERBOEMIEV B
RRRPEERRE L & OMENEIMLL, #E
DRELPELL N, FOFHT 1996 F 12
Mazzaferro 5%, i B2 CIRE R E
ﬁiwvyﬂﬁﬁﬁﬁﬁ< FEBEHEEEZ 5
WEZESm BT, ZE26E3MUT TR
KEDN 3 em LT DBE, 75 % DEFEDIE
LN EHEL. ThLDEME, wbhwb
(35 7% 2@ TEMNIFEU/N O
EREG & FEDORBEPELONE I &R S
M, FORBUMFII S T O FEMEDFHIZSE I
WY ABMEEILE L T—REIZZIIANLN
BXIIn b, KEORIEHT B HYE
WOABEENRTWA, 0L 2EEITE,
BICRR Y Ob 5 %iElEsSs  BMFIET 272
DL, BEOEBRMED D 7 EF] & I8
B TAERETHBL EVIEZHFVPEELT
RV

PRK T D RHFEATRE T, WHEAOEIZ Ik —HT, TDIF/EEEZBRIEFITY
AREEAT IR R L L TREmBYIZ AT 1ED FIEEDREVIAFTEAMTEESEAHY, LY
Ty, MEBENEZ (S EELEFERE LD REE xR T A LR HANE LT
5(151/]1 TARADA et al : Recurrence of hepatocellular carcinoma after liver transplantation
TEEHREREREEFEHEEREES [T 606-8507 BEhm A RIX I EIE /| EE ‘74_.
SPERRE 50 10 0 141 — 146, 2003 111

— 417 —



