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Fig. 3 Hepatic chemistries at diagnosis of PSC recurrence. The
shaded bars indicate the normal range for each hepatic chemistry

increased to higher than the normal ranges in ten of 11
patients with recurrence.

Four patients with PSC recurrence and three without
recurrence had CMV diseases within 3 months after trans-
plantation. The CMV diseases were viral syndrome on
postoperative day (POD) 25, hepatitis on POD 26, peritonitis
on POD 26, colitis 3 months after transplantation in the four
patients with the recurrence, and viral syndrome on PODs 27
and 31, and diarrhea on POD 28 in the three patients without
recurrence. All CMV diseases were treated successfully
with ganciclovir and decrease of immunosuppression. Ten
patients had biliary anastomotic complications. Six of them
had anastomotic stenosis, two had anastomotic leakages,
and two had both leakage and stenosis.

Risk Factors for Recurrence

Univariate log-rank test of the risk factors for recurrence
(Table 1) showed that younger age (P = 0.016), MELD
score >21 (P = 0.042), CMV diseases within 3 months
after transplantation (P = 0.007), a related donor
(P = 0.008), and a donor with HLA-DR15 (P = 0.0025)
were significantly associated with a greater incidence of
recurrence after transplant. Multivariate Cox regression
analysis showed that independent risk factors for recur-
rence were CMV diseases within 3 months after
transplantation (HR, 4.53; 95%ClI, 1.17-17.6; P = 0.029),
and a related donor (HR, 7.98; 95%CI, 0.96-66.1;
P = 0.054) (Table 2). When the effects on recurrence were
compared among parents, siblings, sons, and nonrelated
donors, there were significant differences, especially
between nonrelated donors and parents (Table 3).

Risk Factors for Graft Loss
Seven of the 11 patients (64%) with recurrence and two of
the nine patients (22%) without recurrence had graft loss.

However, recurrence of PSC was not a statistically signifi-
cant risk factor according to score tests based on the Cox
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Table 2 Cox regression analysis for time to relapse in PSC patients
(n = 20)

Factors Hazard ratio 95%Cl P-value
CMV diseases within 3 months

Without 1 - -

With 4.53 1.17-17.6 0.029
Donor

Nonrelated 1 - -

Related 7.98 0.96-66.1 0.054

CI confidence interval

Table 3 Impact of related donors on time to relapse in PSC patients
(n = 20) :

Characteristics Number (%) Relapse
Incidence (%)  P-value*
Donor
Nonrelated donors 5 (25) 20 0.034
Parents 10 (50) 80
Sons 2 (10) 50
Siblings 3(15) 33
Factors Hazard ratio 95%CI P-value
Donor
Nonrelated donors 1 - -
Parents 17.9 1.48-218 0.024
Sons 115 0.48-276 0.131
Siblings 33 0.20-52.6 0.402

* Log rank test

CI confidence interval

regression model with recurrence as a time-dependent
covariate (P = 0.076). The univariate log-rank test of the risk
factors for graft loss showed that younger age (P = 0.001)
was significantly associated with a greater incidence of graft
Toss (Table 1). In multivariate analysis using Cox regression
analysis, only age per year was an independent risk factor for
time to graft loss (HR, 0.87; 95% CI, 0.79-0.96; P = 0.006).

Discussion

The recurrence of PSC in this study was strictly defined
according to the criteria of Graziadei et al. [4]. One of two
patients with hepatic artery thrombosis and one of three
patients undergoing ABO-incompatible transplantation
were judged to have PSC recurrence rather than ischemic
cholangitis or humoral rejection on the basis of clinical
courses and histological examination of biopsy specimens.
All five patients were excluded from the statistic analysis.
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We also assessed the risks of characteristics for recurrence
or graft loss. Our statistic methods using time-to-event
analysis can estimate both risks for event of recurrence and
risks for time to recurrence. Because the number of
enrolled patients was only 20, the top two independent risk
factors for early recurrence were obtained in multivariate
analysis. These sophisticated statistical analysis procedures
showed that CMV diseases within 3 months after trans-
plant and related donors were independent risk factors for
the recurrence.

CMYV infection has been reported as a risk factor for
biliary anastomotic complications, although the mecha-
nisms have not been clarified yet [7, 12, 13]. Our results
suggested that CMV prophylaxis might be important to
reduce the recurrence of PSC. Our current protocol for
CMV is not satisfactory for PSC patients. Valganciclovir,
an oral pro-drug of gancyclovir, is an attractive agent for
both antiviral prophylaxis and the preemptive treatment of
CMV viremia [14].

Related donor is an issue specific to LDLT. We found
that a related donor was also an independent risk factor for
recurrence, and grafts transplanted from parents had a
higher incidence of recurrence. The incidence of recur-
rence in recipients with grafts from nonrelated donors was
similar to reports of deceased donor liver transplantation
[2]. Siblings seem to be more suitable donors in related
donors. HLA-DR8 was reported as one of the risks for
recurrence in the Caucasian population [15, 16]. Although
six patients had HLLA-DRS8 (20%) in our series, five of them
were excluded from statistic analysis due to their clinical
courses. Tamura et al. [17] reported that two of nine PSC
patients had HLA-DRS8 (18%) and there was no signifi-
cance in recurrence in Japanese patients. On the other hand,
the incidence of HLA-DR15 was very high in PSC recip-
ients in our series (45%) and Tamura’s series (four in nine,
44%). Tamura et al. [17] reported that three in four patients
with HLA-DR15 had recurrence (75%). In our series, a
donor with HLA-DR15 was found to be a significant risk
with the log rank test, although not with Cox regression
analysis. We separately analyzed the significance of HLA-
DR1501 and HLA-DR1502 on recurrence and found no
statistic significance. However, these results suggested that
some genetic factors play significant roles in the recurrence
of PSC.

Although not significant by multivariate Cox regression
analysis, MELD score was one of the significant risk fac-
tors for recurrence by univariate log-rank test. In other
words, the more advanced the disease, the higher the rate of
recurrence after LT, which would suggest earlier LT for
PSC patients to prevent recurrence.

The number of immunosuppressions 1 year after trans-
plantation had no significant impact on recurrence,
although recurrence rate was lower in patients with two or

three immunosuppressions than patients with one. “One”
means only calcineuline inhibitors (CI), “two” means CI
and steroid or antimetabolites, and “three” means CI,
steroid, and antimetabolites. Among antimetabolites, my-
cophenolate mophetil is major in our hospital. Rapamycine
also seems to be promising, but there is no evidence yet to
support this. This result suggested that current immuno-
suppressive regimens could not prevent recurrence of PSC.

In duct-to-duct anastomosis in liver transplantation for
patients with PSC, cholangiocarcinoma in the remnant bile
duct is a concern. Goss et al. [20] reported that they choose
choledochojejunostomy when inflammation was present in
frozen-section biopsy specimens of the common bile duct.
Otherwise, they choose duct-to-duct anastomosis. We had
followed their policy but we encountered a case in which
sclerosing cholangitis developed in the remnant duct
2 years after transplantation. The remnant duct was
resected, and the duct was reconstructed by means of
choledochojejunostomy. There was no malignancy in the
resected bile duct. However, PSC recurred in the bile duct
of the graft 2 years after revision. After this experience,
choledochojejunostomy became our first choice for biliary
reconstruction for patients with PSC, although the present
study did not show a significant effect of biliary recon-
struction on recurrence. The incidence of biliary
complication was very high on PSC patients compared to
patients with other original diseases. In our past series, the
overall incidence of anastomotic biliary complications
ranged from 18 to 24% [7, 18]. We might find that PSC
itself is a risk for anastomotic complication when the
number increases in the future.

Reports of pediatric PSC are rare. Debray reported their
56 children of PSC [19]. The prognosis was poor, but liver
transplantation should be considered. Fifteen patients
underwent liver transplantation and 11 of them were alive
without recurrence longer than 6 months. In our series, two
of three children had recurrence and adult patients under 30
were likely to have early recurrence. There were no chil-
dren of 5-year graft-loss-free. In multivariate analysis using
Cox regression analysis, only age per year was an inde-
pendent risk factor for time-to-graft loss in this study. Goss
et al. [20] have reported that PSC recurrence has no effect
on patient or graft survival in deceased donor liver trans-
plantation. Although PSC recurrence was not a significant
risk for graft loss in this study, six of 11 patients with PSC
recurrence underwent retransplantation for graft failure,
one patient died of graft failure, two patients are on waiting
lists for retransplantation, and only two patients are alive
with acceptable liver function.

Whether the donor is a relative or not, one might
hypothesize that preoperative liver biopsy for the donor
candidate might be effective in decreasing PSC recurrence
in LDLT. In our hospital, liver biopsy is performed in
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donor candidates with normal liver function and possible
steatosis by imaging studies for safety of recipients and
donors, anti-mitochondrial antibody-positive donor candi-
dates with normal liver functions for safety of recipients
and donors, parents of ornithion transcarbamylase defi-
ciency to measure enzyme activity, and parents of children
of Alagille syndrome to avoid a graft without extrahepatic
bile duct. In our PSC series, no living donors for PSC
patients had abnormal pathological findings in liver spec-
imens obtained during donor surgery. Routine studies on
liver specimens by preoperative liver biopsy of donor
candidates cannot prevent PSC recurrence, unless a bio-
marker specific to PSC is available.

Although we need to study more patients to show firm
conclusions, this study suggested that deceased donor liver
transplantation using a graft from non-related donors is
preferable for a young patient with PSC to LDLT using a
graft from a parent in countries where deceased donor liver
transplantation is available.
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MDRI Haplotypes Conferring an Increased Expression of Intestinal CYP3A4
Rather than MDR1 in Female Living-Donor Liver Transplant Patients

Keiko Hosohata,! Satohiro Masuda,1 Atsushi Yonezawa,! Toshiya Katsura,! Fumitaka Oike,? Yasuhiro Ogura,
Yasutsugu Takada,” Hiroto Egawa,” Shinji Uemoto,” and Ken-ichi Inui

2
.1,3

Received December 7, 2008; accepted February 26, 2009; published online March 7, 2009

Purpose. This study investigated whether haplotypes in the multidrug resistance 1 (MDRI) gene had
effects on mRNA expression levels of MDR1 and cytochrome P450 (CYP) 3Ad4, and on the
pharmacokinetics of tacrolimus in living-donor liver transplant (LDLT) patients, considering the gender
difference.

Methods. Haplotype analysis of MDRI with G2677T/A and C3435T was performed in 63 de novo
Japanese LDLT patients (17 to 55 years; 44.4% women). The expression levels of MDR1 and CYP3A4
mRNAs in jejunal biopsy specimens were quantified by real-time PCR.

Results. Intestinal CYP3A4 mRNA expression levels (amol/ug total RNA) showed significantly higher
values in women carrying the 2677TT-3435TT haplotype (median, 10.7; range, 5.92-15.2) than those with
2677GG-3435CC (3.03; range 1.38-4.68) and 2677GT-3435CT (median, 4.31; range, 0.07-9.42) (P=0.022),
but not in men (P=0.81). However, MDRI haplotype did not influence mRNA expression levels of MDR1
nor the concentration/dose ratio [(ng/mL)/(mg/day)] of oral tacrolimus for the postoperative 7 days,
irrespective of gender.

Conclusion. MDRI haplotype may have a minor association with the tacrolimus pharmacokinetics after
LDLT, but could be a good predictor of the inter-individual variation of intestinal expression of CYP3A4
in women.

KEY WORDS: ABCBI; P-glycoprotein; small intestine; tacrolimus.

INTRODUCTION

P-glycoprotein (Pgp), encoded by the multidrug resis-
tance 1 (MDRI, also known as ABCBI) gene, is expressed in
several organs, including the intestine, liver, and kidney, and
mediates the detoxification of numerous drugs (1-3). To date,
more than 50 single nucleotide polymorphisms (SNPs) have
been reported for the MDRI gene (4-6). Among them, the
most frequently studied SNPs are the G2677T/A transversion
(A893S) in exon 21 and the synonymous C3435T transition in
exon 26. MDRI SNPs C3435T and G2677T/A have been
shown to affect the expression of Pgp as well as cytochrome
P450 (CYP) 3A4 (7,8). We previously demonstrated that
3435TT was associated with a lower expression of enterocyte
CYP3A4 mRNA than 3435CC in living-donor liver transplant
(LDLT) patients, mainly pediatric patients (7). On the other
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hand, Lamba er a/. (8) found increased expression of enter-
ocyte CYP3A4in 2677TT genotype, although not significantly.

Conflicting results have also been reported for the
association of MDRI SNPs with the pharmacokinetics of
tacrolimus, a substrate of both Pgp and CYP3A4 (9-11). Kim
et al. (12) showed that 3435TT had significantly higher dose-
normalized tacrolimus concentrations than 3435CC in renal
transplant patients. In contrast, others have shown that this
SNP had no significant influence on tacrolimus dose require-
ments in renal transplant patients (11). Meanwhile, G2677T/
A SNPs have been shown to influence blood concentrations
of tacrolimus in pediatric heart transplant patients (10), but
not in liver transplant patients (7).

Although there are discrepancies in these clinical find-
ings, some studies have shown that G2677T/A and C3435T
were linked at the MDRI gene (12,13), and it has been
suggested that MDRI haplotype derived from G2677T/A and
C3435T may be a more useful marker of Pgp activity than
individual SNPs (14). Furthermore, the remarkable gender
differences have been reported in the expression of CYPs and
transporters (15,16).

In the present study, we examined whether MDRJ haplo-
type derived from the G2677T/A and C3435T could affect the
mRNA expression levels of MDR1 and CYP3A4 in the native
intestine as well as the graft liver, and the pharmacokinetics of
tacrolimus in LDLT patients, considering the influence of gender.

0724-8741/09/0700-1590/0 ‘C: 2009 Springer Science + Business Media, LLC 1590
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Table I. Characteristics of Patients

Variables All Men Women

No. of LDLT patients, n 63 35 28
Age, years 43.3+10.5 452493 40.9+11.7
Body weight, kg 62.3+:12.4 68.3+£10.8 54.7+10.0
ABO blood group match (identical/compatible/incompatible), n 41/ 6/ 16 25/6/4 16/0/12
Primary disease, n

Cirrhosis 43 30 13

Primary biliary cirrhosis 8 1 7

Primary sclerosing cholangitis 3 3 0

Biliary atresia 3 0 3

Fulminant hepatic failure 1 0 1

Others” 5 i 4
No. of donors, n 63 33 30
Donor age, y 433£105 40.7+£13.5 47.3+10.7

Data are expressed as number or mean+SD

@The primary disease was Budd-Chiari syndrome, nonalcoholic steatohepatitis, somatostatinoma, Wilson, or Caroli disease

MATERIALS AND METHODS
Patients and Clinical Samples

This study included 63 de novo LDLT patients (all
Japanese), aged 17 to 55 years, who were treated with
tacrolimus (Prograf®, Astellas Pharma, Tokyo, Japan), and
their corresponding donors (Table I). Both the patients and
their donors, having first provided written informed consent,
were enrolled consecutively between April 2004 and
December 2007.

Clinical samples of the upper jejunum were obtained
from a part of the Roux-en-Y limb for biliary reconstruction,
and liver samples (2 mm cubic) were obtained from biopsy
specimens for pathological testing of the graft at surgery (zero
biopsy) (17). This 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 Commitiee.

Quantitation of mRNA Expression

Clinical samples of the upper jejunum and liver were
immediately frozen in liquid nitrogen and stored at -80°C
until used (18). The mRNA expression levels of CYP3A4 and
MDRI1 were quantified as described previously (7.18).
Briefly, total RNA was isolated from biopsy specimens of
the intestinal mucosa and graft liver, using MagNAPure LC
RNA Isolation kit IT (Roche, Mannheim, Germany), and was
reverse-transcribed by Superscript 11® reverse transcriptase
(Invitrogen, Carlsbad, CA, USA) with random primers
(100 ng/reaction) and digested by RNase H (Invitrogen).
Real-time polymerase chain reaction (PCR) was performed
using the ABI Prism 7700 Sequence Detector (Applied
Biosystems. Foster, CA, USA).

Genotyping
Genomic DNA was extracted from peripheral blood of

transplant patients or donors with Wizard® Genomic DNA
Purification kit (Promega Corporation, Madison, WI, USA).

Using this genomic DNA, the MDRI polymorphisms were
detected by the polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) method with
specific primers (Table IT), as described previously (7). MDR/
haplotypes were analyzed using SNPAlyze ver. 5.0 (Dynacom,
Chiba, Japan).

Dosage Regimen of Tacrolimus and Measurement
of Tacrolimus Concentrations

The basic immunosuppressive regimen consisted of
tacrolimus with low-dose steroids (18). Tacrolimus was
administered orally at a dose of 0.075 mg/kg body weight
every 12 h from the evening of postoperative day 1 (18,19).
The target whole-blood trough concentration of tacrolimus
was set at between 10 and 15 ng/mL during the first 2 weeks.
Steroid treatment was started at graft reperfusion at a dose of
10 mg/kg, with a gradual reduction from 2 mg kg ' day ! to
0.3 mg kg! day ™! during the first 2 weeks after surgery. The
dosage of tacrolimus was adjusted on the basis of whole-
blood trough concentrations measured about 12 h after the
evening dosage every day, by use of a semiautomated
microparticle enzyme immunoassay (IMx®; Abbott, Tokyo,
Japan) (19).

Statistical Analysis

Median values of the expression of MDR1 and CYP3A4
were compared among the haplotypes using the Kruskal-

Table H. Primer Sequences Used for Ampilification of PCR Fragments

SNP Primer sequence
Exon 21 G2677A F: 5-TGCAGGCTATAGGTTCCAGG-3'

Exon 21 G2677T

Exon 26 C3435T
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Table III. Effects of MDRI Haplotypes (G2677T/A-C3435T) on the Expression of MDR1 and CYP3A4 in Native Intestine and Graft Liver

MDRI haplotypes

Native intestine (all recipients)

Graft liver (All donors)

(G2677TIA-C3435T) n (%) MDRI mRNA CYP3A4 mRNA n (%) MDRI mRNA CYP3A4 mRNA
GG-CC 6 (9.5) 023 (0.09-032) 38 (127.0) 10 (15.9) 0.84 (0.38-2.3) 70.6 (11.1-107.8)
GG-CT 2 (32) 0.09 (0.02-0.15) 3.3 (0.04-6.6) 1(1.6) 2.9 1296
GA-CC 9 (14.3) 0.19 (0.02-0.94) 4.8 (0.005-16.4) 7(1L1) 0.79 (0.51-1.4) 56.7 (19.6-84.6)
GA-CT 1(1.6) 0.27 40 347 042 (0.39-1.4) 54.1 (46.5-64.7)
GT-CC 2(32) 033 (0.24-0.42) 14.7 (7.1-22.2) 3(47) 0.97 (0.93-1.5) 132.0 (73.6-157.0)
GT-CT 24 (38.0) 0.24 (0.03-1.1) 4.1 (0.07-15.7) 18 (28.6) 0.89 (0.42-2.4) 55.5 (18.0-131.5)
GT-TT 1(1.6) 0.05 24 1(L.6) 1.1 403
AA-CC 1 (L6) 0.12 0.93 1(1.6) 0.60 316
AT-CC 0 - - 2(32) 0.53 (0.52-0.54) 35.5 (30.5-40.4)
AT-CT 5(7.9) 0.12 (0.01-0.46) 43 (0.004-10.2) 4(6.4) 0.92 (0.61-1.2) 64.7 (20.0-71.3)
TT-CT 1 (1.6) 0.84 22.7 347 0.88 (0.44-1.4) 70.5 (64.8-88.2)
TT-TT 10 (15.9) 0.29 (0.12-0.57) 6.3 (0.37-15.1) 10 (15.9) 0.96 (045-2.6) 43.9 (12.0-168.4)

Data are expressed as median (range). We excluded one intestinal sample (GG-CC) from the analysis for undetectable values in the mRNA

expression

Wallis test, followed by the Dunn post hoc test for multiple
comparisons. Data are expressed as the median and range or
mean=SD, depending on type. For all analyses, P<0.05 was
considered statistically significant. All statistical analyses were
conducted using GraphPad PRISM, version 4 (GraphPad
Software, San Diego, CA, USA).

RESULTS
Frequencies of MDR1 SNPs

Allele frequencies of the 2677G, 2677T and 2677A were
43.1%, 43.1% and 13.8% in recipients, and 43.1%, 42.5% and
14.4% in donors, respectively. For C3435T, the frequencies of
the 3435C and 3435T were 56.2% and 43.8% in recipients,
and 58.7% and 41.3% in donors, respectively. The frequencies
of genotypes in both recipients (G2677T/A, P=0.41; C3435T,
P=0.80) and donors (G2677T/A, P=0.54; C3435T, P=0.93)
complied with Hardy-Weinberg equilibrium. Construction of
haplotypes. via estimation of maximization, resulted in 4 major
(GT-CT, TI-TT, GA-CC, and GG-CC) and 8 minor haplotypes
(GG-CT, GA-CC, GA-CT, GT-CC, GT-TT, AA-CC, AT-CT,
and TT-CT) (Table I1I).

Effects of MDRI1 Haplotypes on the mRNA Expression
Levels of MDR1 and CYP3A4

We evaluated the relationships between the MDRI]
haplotypes (G2677T/A-C3435T) and the mRNA expression
levels (amol/pg total RNA) of MDRI1 as well as CYP3A4
(Table IIT). We excluded one intestinal sample (GG-CC) from
the analysis for undetectable values in the mRNA expression.
The TT-TT haplotype tended to have a higher mRNA
expression of intestinal CYP3A4, but did not affect the
expression levels of intestinal MDRI. Stratified by gender,
2677TT-3435TT haplotype in the native intestine conferred a
significantly higher CYP3A4 mRNA expression levels (median,
10.7; range, 5.92-15.2) than 2677GG-3435CC (3.03; range 1.38-

a Intestinal MDR1 (Recipient)

Men Women
2 2r
= =
o Qo .
w < [77] <
»n [
8Z 150 2 15.
°x 1.5 g_-m 1.5
s 3T
< 2 < 8
Z » Z L o
Z 31 31
E3 €3
x5 o x5 o
Q >~ o051 o o Q=05 s 6
= o © = o
o0 O e OO
oC o ggoo 000 050 o
Q o o
0 - o 0L Co
G LK <) A
P O @ & &
& & &N L
b Intestinal CYP3A4 (Recipient)
L Men L Women
c 20 . 2
Q 9o *
[ 73
& Z 15+ S Z 151 o
s ° 5
<8 8 o
z3 o 23
EQor TEguor T
<3 ° <3
<
> 5 > 51 o
O o 0800 —O O o ”O%r
o2 %
ol [} : o oL o 00
0 LKL G LKL
& & & &«

Fig. 1. Association between MDRI haplotypes (G2677T/A-C3435T)
and mRNA levels of MDR1 (a) and CYP3A4 (b) in the native
intestine (recipient). We excluded one intestinal sample (GG-CC)
from the analysis for undetectable values in the mRNA expression.
*P<0.05, significant difference between MDRI haplotype groups.
The bars show the median mRNA expression levels in each
haplotype.
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Fig. 2. Association between MDRI haplotypes (G2677T/A-C3435T)
and mRNA levels of MDRI1 (a) and CYP3A4 (b) in the graft liver
(donor). The bars show the median mRNA expression levels in each
haplotype.

4.68) and 2677GT-3435CT (median, 4.31; range, 0.07-9.42)
haplotypes in women (P=0.022), but not in men (P=0.81)
(Fig. 1 b). There were no significant differences in the mRNA
expression levels of intestinal MDR1 among M DRI haplotypes
(Fig. 1 a). In addition, we found no significant association
between MDRI haplotypes and the expression of MDR1 and
CYP3Ad in the graft liver, irrespective of gender (Fig. 2).

1593

Effects of MDRI Haplotypes on the Pharmacokinetics
of Tacrolimus

Next, to assess whether the MDR]J haplotypes affect the
pharmacokinetics of tacrolimus, we examined the concentration/
dose (C/D) ratio of tacrolimus in LDLT patients for the first
week after the surgery (Table IV). There was no significant
difference in the C/D ratio of tacrolimus among the MDRI
haplotypes.

DISCUSSION

Previously, we analyzed 10 common SNPs, including
G2677T/A and C3435T in the MDRI gene in 46 LDLT
recipients aged 0.6 to 59.6 years, and found that individual
SNPs did not relate to either the intestinal expression of
MDRI1 mRNA or the C/D ratio of tacrolimus (7). In the
present study, we restricted analysis to subjects aged 17 to
55 years in a larger cohort, and focused on MDRI haplotypes
for the most common SNPs, G2677T/A and C3435T, in the
mRNA expression of MDR1 as well as CYP3A4, and the
pharmacokinetics of tacrolimus in 63 LDLT recipients, with
consideration of the gender difference. Our resuits revealed
that 2677TT-3435TT haplotype had significantly higher levels
of intestinal CYP3A4 mRNA than those with 2677GT-
3435CT haplotype in women (P=0.022), but not in men
(P=0.81). To our knowledge, this is the first study to reveal
the female-specific effect of MDRI haplotype on the intesti-
nal expression of CYP3A4 mRNA.

To date, more than 30 allelic variants in the CYP3A4
gene have been identified, but low variant frequencies, often
combined with a lack of functional consequences, indicate
their limited contribution to the large inter-individual varia-
tions in CYP3A4 expression (20,21). Hirota et al. (22)
demonstrated using liver tissues from eight Caucasians that
the whole CYP3A4 gene was sequenced, but none of the
SNPs in the 5-flanking region and 3’-UTR of the CYP3A4
gene was associated with differences in total CYP3A4 mRNA
levels and testosterone 6f3-hydroxylation capability. There-
fore, some genetic markers in addition to SNPs in the
CYP3A4 gene could be useful to explore the large inter-
individual variation of CYP3A4 content, including its enzy-
matic capacity.

Previous studies reported that MDRI genotypes were
associated with mRNA expression levels of enterocyte
CYP3A4 (7.8). For example, Lamba er al. (8) found that
carriers of variant alleles of MDR/ gene tended to have

Table IV, Effects of intestinal MDRI Haplotypes (G2677T/A-C3435T) on the C/D Ratio of Tacrolimus in LDLT Patients for the Period of 1-
7 Days Post Transplantation

All Men Women
MDRI haplotypes C/D ratio of tacrolimus C/D ratio of tacrolimus C/D ratio of tacrolimus
(G2677TT/A-C3435T) n [(ng/mL)/(mg/day)} 7 [(ng/mL)/(mg/day)} n [(ng/mL)/(mg/day)}
GG-CC 7 2.0 (1.5-10.8) 1.7 (1.5-10.8) 3 3.7 (1.8-6.9)
GT-CT 24 4.2 (1.3-18.7) 14 3.6 (1.3-17.6) 10 4.7 (2.3-18.7)
TT-TT 10 3.9 (2.1-12.6) s 2.5 (2.1-4.3) 5 8.6 (3.4-12.6)
P-value 0.37 0.51 0.36

Data are expressed as median (range)
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increased expression of enterocyte CYP3A4, in the analysis
of three separate cohorts (n=20, 27, and 10, respectively).
However, their intestinal study populations were too small to
detect differences among the MDRI polymorphisms by
gender. Because the remarkable gender differences have
been reported in the expression of CYPs and transporters
(15,16), we hypothesized that the expression of CYP3A4
associated with MDRI genotypes would differ by gender. In
the present study, we showed that MDRI G2677T/A-C3435T
haplotypes significantly influenced the intestinal expression in
women (Fig. 1). These results suggest that the MDRIJ
haplotype may be a useful predictor of the inter-individual
variability of the intestinal expression of CYP3A4 and the
extent of some CYP3A4-mediated drug interactions in
women.

The exact mechanism by which MDRI G2677T/
A-C3435T haplotypes influence CYP3A4 expression in
women remains unknown. In our results, we observed no
significant difference in MDR1 mRNA expression among
MDRI G2677T/A-C3435T haplotypes (Fig. 1 a), but it has
been shown that “silent” polymorphisms (in particular,
C3435T) in the MDRI gene can alter Pgp conformation and
substrate specificity, especially when no change in MDRI1
mRNA and protein levels has been reported (23). Further-
more, in vitro studies showed that G2677T/A-C3435T hap-
lotypes can reduce the activity of Pgp (14). Therefore,
reduced function of Pgp could possibly lead to high intracellular
concentrations of endogenous regulators such as sex-steroid
hormones, regulating the expression of CYP3A4 (24-27). In
contrast, we found no significant differences in the hepatic
expression of CYP3A4 among M DRI haplotypes for G2677T/
A-C3435T in women. These opposing effects of the same
haplotypes on hepatic and intestinal mRNA expressions of
CYP3A4 in women could be partly due to differences in the
underlying mechanism between the two types of organ.

Furthermore, we found that intestinal MDR]I haplotypes
had no effects on the C/D ratio of tacrolimus in LDLT
patients (Table IV). Some studies have reported that 2677T
or 3435T alleles affected the pharmacokinetics of tacrolimus
in Caucasians (9,28,29), while others demonstrated contrary
results in Asians (7,30). Similar discrepancies have been
observed for digoxin (31). These might reflect disparities in
different frequencies of MDRI haplotypes in different
ethnicities (32,33). The 2677TT-3435TT haplotype is found
in 42% of Caucasians and 8% of African-Americans (34),
while 15.9% in the present Japanese population (Table IIT).
Based on the present results and these previous findings, the
MDRI haplotype is suggested to have a minor effect on the
pharmacokinetics of tacrolimus in Asians compared with
Caucasians.

CONCLUSION

In conclusion, the MDRI haplotype derived from
G2677T/A and C3435T was significantly associated with
intestinal CYP3A4 mRNA expression in women, but not in
men, suggesting that it could be a good marker to predict the
basal mRNA level of intestinal CYP3A4 in women. However,
this effect was not observed for the pharmacokinetics of
tacrolimus in LDLT patients. Therefore, extensive clinical
pharmacokinetic studies are necessary to elucidate this effect

Hosohata ef al.

on other drugs which are CYP3A4 substrates, in consider-
ation of gender-differences in pharmacokinetics.
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ABSTRACT:

To assess the effects of intestinal cytochrome P450 2C19 on the
interaction between tacrolimus and proton pump inhibitors, we
examined the concentration/dose ratio [(ng/mi)/(mg/day)] of ta-
crolimus coadministered with omeprazole (20 mg) or lansoprazole
(30 mg) to 89 adult living-donor liver transplant patients on post-
operative days 22 to 28, considering the CYP2C 19 genotypes of the
native intestine and the graft liver, separately. The concentration/
dose ratio of tacrolimus coadministered with omeprazole was sig-
nificantly higher in patients with two variants (*2 or *3) for intestinal
CYP2C19 (median, 6.38; range, 1.55-22.9) than intestinal wild-type
homozygotes (median, 2.11; range, 1.04-2.54) and heterozygotes
(median, 2.11; range, 0.52-4.33) (P = 0.010), but the extent of the
increase was attenuated by carrying the wild-type allele in the graft
liver even when patients were CYP3A5*1 noncarriers. Conversely,

the CYP2C19 polymorphisms both in the native intestine and in the
graft liver little influenced the interaction between tacrolimus and
lansoprazole, but CYP3A5*1 noncarriers showed higher tacrolimus
concentration/dose ratio than CYP3A5*1 carriers. Furthermore,
our experiments in vitro revealed that lansoprazole had a stronger
inhibitory effect on the CYP3A5-mediated metabolism of tacroli-
mus than omeprazole, although not significantly (IC5, = 19.9 + 13.8
uM for lansoprazole, 53.7 = 6.1 uM for omeprazole). Our findings
suggest that intestinal and graft liver CYP2C19 plays a relatively
greater role in the metabolism of omeprazole than it does for
lansoprazole, so that the effects of CYP3A5 on the metabolism of
tacrolimus might be masked by the interaction with omeprazole
associated with the CYP2C19 genotype.

The immunosuppressant tacrolimus is characterized by a narrow
therapeutic index and remarkable intraindividual and interindividual
variability in its pharmacokinetics (Venkataramanan et al., 1995;
Kahan et al., 2002). This variability can be attributed to factors such
as poor absorption (Masuda and Inui, 2006), extensive first-pass
metabolism (Lampen et al., 1995; Wilkinson, 2005), and drug-drug
interactions (Christians et al., 2002). Tacrolimus is mainly metabo-
lized by cytochrome P450 (P450) 3A4 and CYP3AS in the small
intestine and liver (Shiraga et al., 1994; Hesselink et al., 2003). In
particular, CYP3A5 plays a key role in the pharmacokinetics of
tacrolimus (Kamdem et al., 2005; Dai et al., 2006). Several studies of
heart (Zheng et al., 2003), lung (Wang et al., 2006), kidney (Haufroid
et al., 2004, 2006; Macphee et al., 2005; Kuypers et al., 2007), and
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liver (Goto et al., 2004; Masuda et al., 2006; Uesugi et al., 2006;
Fukudo et al., 2008) transplant patients treated with tacrolimus have
shown a significant association between the CYP3AS5 polymorphisms
and tacrolimus dose-adjusted trough blood levels.

Clinically relevant drug-drug interactions have been observed be-
tween tacrolimus and proton pump inhibitors (PPIs) in those with
CYP2CI]9 gene variants, poor metabolizers (PMs) and intermediate
metabolizers (IMs), compared with those with no variants, extensive
metabolizers (EMs) (Itagaki et al., 2004; Miura et al., 2007). Because
CYP2C19 and CYP3A4/5 are mainly responsible for the metabolism
of PPIs (Andersson, 1996), PPIs themselves inhibit the metabolism of
tacrolimus via CYP3A4/5 in patients carrying variant alleles of
CYP2C19, thereby increasing the blood concentrations of tacrolimus.
Furthermore, the magnitude of CYP2C19-mediated metabolism of
omeprazole is greater than that of lansoprazole. We have recently
reported the interaction between tacrolimus and lansoprazole in a
living-donor liver transplant (LDLT) patient with the CYP2C19%2/*3
and CYP3A5%3/*3 genotypes both in the native intestine and in the
graft liver (Hosohata et al., 2008). In liver transplantation, the genetic
backgrounds of the native intestine (recipient) and the graft liver
(donor) are different in many cases. Furthermore, several studies have
assessed the expression or catalytic activity of intestinal CYP2C19

ABBREVIATIONS: P450, cytochrome P450; PP, proton pump inhibitor; PM, poor metabolizer; 1M, intermediate metabolizer; EM, extensive
metabolizer; LDLT, living-donor liver transplantation; C/D, concentration/dose; M-|, 13-O-demethyl tacrolimus.
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TABLE 1

Characteristics of patients {n = 89)

Data are expressed as number or mean = S.D.

Treatment with PPls

Variables Whole (n = 89)
Omeprazole (n = 35) Lansoprazole (n = 54)

Age, years 51.9 = 10.3 524 =88 516+ 11.2
Gender {male/female), n 46/43 19/16 27727
Body weight, kg 60.0 = 10.0 59.8 = 102 60.1 = 9.9
Graft-to-recipient weight ratio, % 1.14 £ 0.30 1.15 +0.29 1.13 £0.30
ABO blood group match (identical/compatible/incompatible), n 60/12/17 24/417 36/8/10
Primary disease, n

Cirrhosis 70 30 40

Primary biliary cirrhosis 7 2 5

Fulminant hepatic failure 3 1 2

Others 9 2 7
Donor age, years 45.0 + 132 46.0 £ 12.6 44.3 = 13.6
Donor gender (male/female), n 50/39 18/17 32122

2 The primary disease was biliary atresia, Budd-Chiari syndrome, nonalcoholic steatohepatitis, and primary sclerosing cholangitis.

(Obach et al., 2001; Lapple et al., 2003; Paine et al., 2006). Based on
these backgrounds, we hypothesized that intestinal CYP2C19 would
affect the interaction between tacrolimus and PPIs in liver transplant
patients.

In the present study, we examined the impact of the CYP3A5 and
CYP2CI9 genotypes in the small intestine on the interaction between
tacrolimus and PPIs in LDLT patients, considering the genotypes of the
native intestine and the graft liver, separately. Furthermore, the inhibitory
effects of the PPIs on the CYP3AS-mediated metabolism of tacrolimus
were examined using recombinant microsomal preparations.

Materials and Methods

Patients, Between February 2004 and January 2008, 89 de novo adult
LDLT patieats and their 89 corresponding donors were enrolled in this study,
having first provided their written informed consent. Patients (all Japanese)
who were receiving tacrolimus with either omeprazole (n = 35) (Omepral;
AstraZeneca Co. Ltd., Osaka, Japan) at 20 mg/day or lansoprazole (n = 54)
(Takepron; Takeda Pharmaceutical Co. Ltd., Osaka, Japan) at 30 mg/day were
studied on days 22 to 28 post-transplantation (Table 1). This 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.

Dosage Regimen of Tacrolimus and Measurement of Tacrolimus Con-
centrations. The basic immunosuppression regimen consisted of tacrolimus
with low-dose steroids (Inomata et al., 1996). Tacrolimus was administered
orally at a dose of 0.075 mg/kg every 12 h from the evening of postoperative
day 1 (Yasuhara et al., 1995; Inomata et al., 1996). The target of the whole-
blood trough concentration of tacrolimus was set at between 10 and 15 ng/ml
during the first 2 weeks. Steroid treatment was started at graft reperfusion at a
dose of 10 mg/kg, with a gradual reduction from 2 to 0.3 mg/kg/day during the
first 2 weeks after surgery. The dosage of tacrolimus was adjusted based on
whole-blood trough concentrations measured approximately 12 h after the
evening dosage every day using a semiautomated microparticle enzyme im-
munoassay (Imx; Abbott, Tokyo, Japan) (Yasuhara et al., 1995).

Evaluation of Drug Interactions between Tacrolimus and PPIs. Because
the oral administration of PPIs started approximately 2 weeks after surgery, we
evaluated data on postoperative days 22 to 28. The clinical course of all the
patients enrolled in this study was stable. The average of dose-normalized
blood concentration of tacrolimus during this observation period then was
assessed as concentration/dose {C/D) ratio [(ng/ml)/(mg/day)] of tacrolimus
for each patient and used for the analysis. We excluded data obtained during
treatment with a temporal high-dose steroid injection against acute cellular
rejection because of induction of the intestinal expression of CYP3A4 (Masuda
et al., 2004).

Genotyping, Genomic DNA was extracted from the peripheral blood of
transplant patients or donors with a Wizard Genomic DNA Purification kit
(Promega, Madison, WI). Because two CYP2C19 variant alleles, CYP2C19%2

and CYP2C19%*3, account for the poor metabolizer phenotype in Japanese
subjects (De Morais et al., 1994a), the detection of the wild-type allele (*/) and
these two variant alleles was performed using a polymerase chain reaction-
restriction fragment length polymorphism method (De Morais et al., 1994a,b).
The genotyping of CYP3A5 was performed as described previously (Goto et
al., 2004; Uesugi et al., 2006; Fukudo et al., 2008).

Classification of Patients. The patients themselves and their corresponding
donors were separately classified into three groups based on the CYP2CI9 geno-
type as follows: CYP2C19*1/*] (EMs), CYP2C19*1/*2 or CYP2C19*1/*3 (IMs),
and CYP2CI9%2/*2, CYP2C19%3/%3, or CYP2C19*2/*3 (PMs) (ltagaki et al.,
2004). As for the CYP3A5 genotype, patients were allocated to two groups as
follows: CYP3AS5*1/*] or CYP3A5*1/*3 (*] carriers) and CYP3AS*3/*3 (*1
noncarriers).

In Vitro Inhibition of CYP3A4/5-Dependent Tacrolimus Metabolism by
PPIs. To evaluate the inhibitory effects of omeprazole and lansoprazole on the
metabolism of tacrolimus, we performed experiments in vitro using recombi-
nant microsomes, as reported previously with slight modifications (Li et al.,
2004; Dai et al., 2006). In brief, omeprazole and lansoprazole were serially
diluted with methanol to yield final concentrations ranging from 1 to 300 uM
and 1 to 200 uM, respectively. The reaction was started with 50 ul of 1.5 mM
NADP (Nacalai Tesque, Kyoto, Japan) and was stopped with 1 ml of 6.25%
ZnS0O,. The reaction mixture consisted of 400 nM tacrolimus, 12 mM glucose
6-phosphate, 0.25 TU of glucose 6-phosphate dehydrogenase, 6 mM MgCl,,
and 0.07 mg/ml microsomal protein for P450 (heterologous baculovirus-insect
cell-expressed human CYP3A4 or human CYP3AS in P450 reductase and
cytochrome bs) (BD Gentest, Woburn, MA) in 100 mM potassium phosphate
buffer, pH 7.4, with or without PPIs, in a final volume of 500 ul. The final
methanol concentration in the incubation mixture was less than 1%, with
minimal impact on enzymatic activity (Li et al., 2004). The incubation con-
ditions for CYP3A4 and CYP3AS5 activities were 5 min at 37°C. The concen-
tration of 13-O-demethyl tacrolimus (M-I) (a gift from Astellas Pharma Inc.,
Tokyo, Japan), the primary metabolite, was quantified by liquid chromatog-
raphy/tandem mass spectrometry method (Shimomura et al., 2008). I1Cs,
values were estimated using a nonlinear regression analysis of competition
curves with one compartment, and the following equation: V = (100 X
IC5)/(ICs, + [11) + A, where V is production of M-I, which accounts for
most of the metabolic clearance of tacrolimus (% of control), [I} is the
concentration of each PPI, and A is the nonspecific metabolism of tacrolimus
(% of control).

Statistical Analysis. The C/D ratio of tacrolimus coadministered with PPIs
was compared using the U test for two genotype groups or the Kruskal-Wallis
test, followed by the Dunn post hoc test for multiple comparisons for more than
two genotype groups. Data are expressed as the median and range or mean =
S.D., depending on data type. For all the analyses, two-tailed P < 0.05 was
considered statistically significant. All the statistical analyses were conducted
using GraphPad Prism, version 4 (GraphPad Software Inc., San Diego, CA).
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TABLE 2
Effects of intestinal and graft liver CYP2C19 genotypes on the C/D ratio of tacrolimus coadministered with omeprazole (n = 35) or lansoprazole (n = 54)

Data are expressed as median (range). CYP3A5*! noncartiers, CYP3A5*3/*3. P values are for the differences among the genotype groups, using the Kruskal-Wallis test, followed by the

Dunn post hoc test for multiple comparisons.

CYP2C19 Genotype (CYP3A5*1 Noncarriers)

PPI Variables P
EMs IMs PMs
Omeprazole Native intestine
n 1 ® 15(9) 9(9)
Tacrolimus C/D ratio 2.11 (1.04-2.54) 2.11 (0.52-4.33) 6.38*" (1.55-22.9) 0.010
Graft liver
n 10 (6) 13(8) 120M
Tacrolimus C/D ratio 1.83 (1.04-6.38) 2.31 (0.52-7.10) 3.27%(1.9-22.9) 0.022
Lansoprazole Native intestine
n ey 2721 114)
Tacrolimus C/D ratio 234 (1.16-12.8) 2.83(0.72-134) 2.27(0.98-1L.7) 0.52
Graft liver
n 15 (9) 3022) 9N
Tacrolimus C/D ratio 247 (1.13-10.6) 2.76 (1.10-12.8) 2.20(0.72-13.4) 0.82

* P < 0.05, EMs versus PMs; ' P < 0.05, IMs versus PMs.

Results

Effects of Intestinal and Graft Liver CYP2CI19 Genotypes on
the Interaction between Tacrolimus and PPIs. For the CYP2CI9
genotype, */, *2, and *3 alleles were found in 52.2, 32.6, and 15.2%
in the graft liver and 53.9, 35.4, and 10.7% in the native intestine,
respectively. The EMs (*1/*]), IMs (*1/*2 and *I/*3), and PMs
(*2/*2, *2/*3, and *3/%3) of CYP2CI9 then were found in 28.1%
(n = 25), 48.3% (n = 43), and 23.6% (n = 21) in the graft liver and
30.3% (n = 27), 47.2% (n = 42), and 22.5% (n = 20) in the native
intestine, respectively. For the CYP3AS genotype, *I and *3 alleles
were found in 19.1 and 80.9% in the graft liver and 20.8 and 79.2%
in the native intestine, respectively. Then, the frequencies of
CYP3A5*] carriers (*1/*] and *1/*3) and CYP3A5*I] noncarriers
(*3/*3) were 33.7% (n = 30) and 66.3% (n = 59) in the graft liver
and 32.6% (n = 29) and 67.4% (n = 60) in the native intestine,
respectively.

To investigate whether intestinal CYP2CI9 polymorphisms af-
fected the interaction between tacrolimus and PPIs, patients were
divided based on the CYP2CI9 genotype of transplant recipients
(Table 2). The C/D ratio of tacrolimus coadministered with omepra-
zole was significantly higher in patients with two variant alleles for
intestinal CYP2C/9 than those with the wild-type homozygote
(CYP2CI19*1/*1) or heterozygote (CYP2C19%1/*2 or CYP2C19*1/
*3) (P = 0.010). Likewise, patients with an engrafted liver carrying
two variant alleles for CYP2C]9 showed significantly higher C/D
ratio than the other groups (P = 0.022). Furthermore, the distribution
of CYP3A5*] noncarriers did not vary between the different
CYP2CI9 genotype groups (Table 2). In contrast, the C/D ratio of
tacrolimus coadministered with lansoprazole was not associated with
CYP2C19 polymorphisms in the native intestine (P = 0.52) or the
graft liver (P = 0.82).

The tacrolimus C/D ratio between CYP2C19 EMs and IMs was
found comparable (Table 2), so that the analyses were carried out
between the EMs/IMs versus PMs. In patients receiving omeprazole,
the C/D ratio of tacrolimus was significantly increased in PMs com-
pared with EMs/IMs (P = 0.005 for native intestine, P = 0.018 for
graft liver).

Effects of Intestinal and Graft Liver CYP3AS5 Genotypes on the
Interaction between Tacrolimus and PPIs, Because we have re-
ported that the CYP3AS genotypes of both recipients and donors are
important for the oral clearance of tacrolimus in liver transplant
recipients (Goto et al., 2004; Fukudo et al., 2006, 2008; Uesugi et al.,
2006; Hosohata et al., 2008), we examined the effects of CYP3A5 on

the interaction between tacrolimus and PPIs (Table 3). In patients
receiving omeprazole, the C/D ratio of tacrolimus was significantly
higher in patients with an engrafted liver carrying the CYP3A5*3/*3
genotype (*/ noncarriers) than the other group (*! carriers) (P =
0.034). Similar trends were observed, although not statistically sig-
nificant, for the intestinal CYP3A5 genotype (P = 0.47). In patients
receiving lansoprazole, *] noncarriers conferred significantly higher
C/D ratio of tacrolimus than */ carriers (P = 0.015 for native
intestine, P = 0.049 for graft liver).

Effects of the Combination of Intestinal and Graft Liver Ge-
notypes on the Interaction between Tacrolimus and PPIs. As a
feature of liver transplantation, the genotypes of recipients (native
intestine) are different from those of donors (graft liver) in many
cases. Focusing on this feature, we assessed the effects of the com-
bination of intestinal and graft liver CYP2CI9 genotypes on the
interaction between tacrolimus and PPIs.

As shown in Fig. 1A, carriers of at least one CYP2C19 wild-type
allele in both the native intestine and the graft liver (EMs/IMs for
native intestine and graft liver) showed the lowest values for the
tacrolimus C/D ratio (reference group). Compared with the reference
group, carriers of at least one CYP2C19 wild-type allele either in the
native intestine or in the graft liver showed almost the same values for
the C/D ratio of tacrolimus. However, two CYP2CJ9 variant alleles
both in the native intestine and in the graft liver (PMs for native
intestine and graft liver) conferred a significantly higher (6.9-fold)
C/D ratio of tacrolimus than the other groups (P = 0.0032). Further-
more, within CYP3A5*1 noncarriers both in the native intestine and in
the graft liver (closed circles, n = 18), the C/D ratio was significantly
higher in those who also carried two CYP2C19 variant alleles than any
other group (P = 0.017), whereas there was no difference among the
genotypes carrying at least one CYP2C19 wild-type allele either in the
native intestine or in the graft liver. Conversely, the combination of
intestinal and graft liver CYP2CI9 genotypes little affected the C/D
ratio of tacrolimus in patients receiving lansoprazole (Fig. 1B).

Experiments in Vitro. Next, we examined the inhibitory effects of
PPIs on the metabolism of tacrolimus by CYP3A4 and CYP3AS using
recombinant microsomal preparations. Figure 2 shows representative
data among three separate experiments. The apparent inhibition con-
stant (IC5,) values (mean * S.D.) for omeprazole and lansoprazole
were 51.9 * 15.9 and 44.5 = 18.0 uM for CYP3A4 and 53.7 * 6.1
and 19.9 + 13.8 uM for CYP3AS, respectively (P > 0.05, omepra-
zole versus lansoprazole for CYP3A4 and CYP3AS5).
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TABLE 3
Effects of intestinal and graft liver CYP3AS genotypes on the C/D ratio of tacrolimus coadministered with omeprazole (n = 35) or lansoprazole (n = 54)

Data are expressed as median (range). */ carriers, CYP3A5*1/*] or*1/*3; *I noncarriers, CYP3A5*3/*3.

CYP3AS5 Genotype

PPI Variables P
*] Carriers *] Noncarriers
Omeprazole Native intestine
n It 24
Tacrolimus C/D ratio 1.96 (1.04-7.10) 2.34(0.52-22.9) 047
Graft liver
n 14 21
Tacrolimus C/D ratio 1.93 (0.52-7.10) 2.54* (1.55-22.9) 0.034
Lansoprazole Native intestine
n i8 36
Tacrolimus C/D ratio 1.97 (0.98-11.7) 3.85*% (0.72-13.4) 0.015
Graft liver
n 16 38
Tacrolimus C/D ratio 1.73 (0.72-11.1) 2.85*% (0.98-113.4) 0.049

* P < 0.05, *1 carriers versus *1 noncarriers (U test).

A Omeprazole B Lansoprazole
’g, 25 | 25}
2 .
g’ Fig. 1. Effects of the combination of intestinal
= 20 20- and graft liver CYP2C19 genotypes on the C/D
) ratio of tacrolimus coadministered with ome-
E prazole (A) or lansoprazole (B). Patients were
g 1% 1 151 categorized based on the intestinal and graft
- ° . liver CYP2CI9 genotypes (EMs, CYP2CI19*1/
=1 [ L4 *], *]/%2, and *1/*3; IMs, CYP2CI9*1/*2 and
g Op © *]/*3; PMs, CYP2C19%2/*2, *2/*3, and *3/
g 10 }- 10+ ™ . *3). The closed circles indicate the CYP3A5*]
5] PY noncartiers (CYP3A5*3/*3) both in the native
= % ooe intestine and in the graft liver, and open circles
5 s
o 5|k 5 o%® ‘. indicate the CYP3A5*/ carriers (CYP3AS*1/*]
5 Oe 00 T Vgteo e or *#1/*3), Each bar indicates the median values.
5 .&.@' 09000 .‘O W OOO 0o,.0° P values were determined by the Kruskal-Wal-
S 0L O P=0.0032 0} o o o lis test, followed by the Dunn post hoc test for
multiple comparisons.
Intestinal CYP2C19  EMs/iMs EMs/IMs PMs PMs EMs/iMs EMs/IMs PMs PMs
Grafl liver CYP2C19 EMs/iMs PMs EMsitMs PMs EMsiiMs PMs EMsiiMs PMs
(=17 n=9)  (n=6) n=3) (n=37) (n=6)  (n=8) {n=3)
Discussion of CYP2C19-mediated metabolism among PPIs. The contribution of

There has been growing recognition that intestinal and hepatic
metabolism of orally administered drugs can play a significant role in
the first-pass effects (Floren et al., 1997; Hebert, 1997). Despite
evaluation of the expressions or catalytic activity of intestinal
CYP2C19 (Obach et al., 2001; Lapple et al., 2003; Paine et al., 2006),
no studies have assessed the effects of intestinal CYP2C19 on the oral
clearance of drugs. The interaction between tacrolimus and PPIs in
CYP2C19 PMs are based on indirect effects of PPIs as CYP3A4/5
inhibitors because the main metabolic pathway of PPIs is CYP3A4/5
in CYP2C19 PMs. Furthermore, the direct effects of CYP2C19 on
tacrolimus biotransformation can be negligible because tacrolimus
never interacts with any P450 drug metabolism enzymes in addition to
CYP3A4/5 (Lecointre et al., 2002). Therefore, we focused on the
indirect interaction between tacrolimus and PPIs via CYP3A4/5 in pa-
tients with the CYP2C19 polymorphisms, considering the CYP2CI9
genotypes of the native intestine and the graft liver, separately. Our
results revealed that LDLT patients with two CYP2C19 variants in the
native intestine and graft liver seemed susceptible to the inhibitory
effects of omeprazole, rather than lansoprazole, on the metabolism of
tacrolimus (Table 2; Fig. 1). This varying degree of interaction of
omeprazole and lansoprazole with tacrolimus in CYP2C19 PMs com-
pared with EMs might be partly because of the different magnitudes

CYP2C19 in the metabolism of omeprazole is greater than that of
lansoprazole (Ishizaki and Horai, 1999). To the best of our knowl-
edge, this is the first study indicating the pharmacokinetic significance
of intestinal CYP2C19 in humans in vivo.

In liver transplantation, the genotypes of drug metabolism enzymes
between recipients (native intestine) and donors (graft liver) are
generally different. Thus, the different genotypes of intestinal and
hepatic P450s could regulate the clearance of tacrolimus. In the
present study, the C/D ratio of tacrolimus coadministered with ome-
prazole was significantly high only in cases in which the recipients
themselves and their corresponding donors had two variant alleles for
CYP2CI19 (Fig. 1A). However, the extent of the increase was atten-
uated by carrying at least one CYP2CI9 wild-type allele either in the
native intestine or in the graft liver, indicating that intestinal and
hepatic CYP2C19 could compensate for the functional loss caused by
the CYP2CI9 variants in the interaction between tacrolimus and
omeprazole in LDLT patients. Considering the relatively high fre-
quency of CYP2C19 PMs in the Japanese population (approximately
20%) (De Morais et al., 1994a), the interaction between tacrolimus
and omeprazole is more relevant in Japanese than Caucasian popula-
tions. However, this study has clarified that there is a low probability
of a strong tacrolimus-omeprazole interaction in liver transplant pa-
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tients because of the extremely small concordance rate of PM geno-
types of the recipients with those of their corresponding donors.

We previously reported that intestinal CYP3AS was significantly
associated with the oral clearance of tacrolimus in liver transplant
patients (Uesugi et al., 2006). In the present study, CYP3AS5 also
affected the interaction between tacrolimus and PPIs (Table 3), which
is consistent with our experiments in vitro using recombinant micro-
somes, showing that omeprazole and lansoprazole inhibited the me-
tabolism of tacrolimus via CYP3A4 and CYP3AS5 (Fig. 2). Our
findings suggest that intestinal and hepatic CYP3AS is responsible for
the interaction between tacrolimus and PPIs. However, even if pa-
tients had the CYP3A5*3/*3 genotype both in the native intestine and
in the graft liver (Fig. 1A, closed circles), the C/D ratio of tacrolimus
coadministered with omeprazole showed low values when carrying at
least one CYP2CI9 wild-type allele either in the native intestine or in
the graft liver. These results suggest that the CYP2C19 has a greater
effect on overall metabolism of omeprazole than that of CYP3AS.
Therefore, in patients receiving omeprazole, carriers of two CYP2CI9
variant alleles both in the native intestine and in the graft liver
(PMs/PMs) showed the greatest increased C/D ratio of tacrolimus, and
the variability in the metabolism of omeprazole caused by CYP2CI9
polymorphisms is more likely to mask the effects of the CYP3AS
genotype on the metabolism of tacrolimus. Conversely, in patients
receiving lansoprazole, there was no significant difference among the
CYP2CI9 genotypes (Table 2), but the CYP3A5*] noncarriers con-
ferred a higher tacrolimus C/D ratio than CYP3AS5*] carriers (Table
3). Our experiments in vitro showed that lansoprazole had a stronger
inhibitory effect on the CYP3AS-mediated metabolism of tacrolimus
than omeprazole, although not significantly (IC5, = 19.9 * 13.8 uM
for lansoprazole, 53.7 = 6.1 uM for omeprazole) (Fig. 2). The present
results are in good agreement with the previous reports that the
relative contribution of CYP2C19 against CYP3A4/5 in omeprazole is
greater than that in lansoprazole (Ishizaki and Horai, 1999). In addi-
tion, our data are also consistent with lansoprazole being a poorer
inhibitor of CYP3A4, as suggested by Li et al. (2004).

The present study must be interpreted within the context of its
potential limitations. First, we did not have a control group (patients
treated with tacrolimus not receiving PPIs). Second, medications
including inducers or inhibitors of CYP3A4 were not strictly con-
trolled in both transplant patients and their corresponding donors.

In conclusion, we first showed that the CYP2CI9 defective geno-
type in the native intestine affected the interaction between tacrolimus
and omeprazole in LDLT patients, but the effect was attenuated by the
wild-type genotype in the graft liver even when patients had the
CYP3A5*3/*3 genotype in both the native intestine and the graft liver.
On the other hand, CYP3AS5 rather than CYP2C19 was associated
with the interaction between tacrolimus and lansoprazole in liver
transplantation. The present findings suggest that the genotyping of
CYP2CI9 and CYP3A5 both in the native intestine and in the graft
liver might contribute to safer dosing and monitoring of tacrolimus
coadministered with omeprazole and lansoprazole early on after liver
transplantation.
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The pharmacokinetics of vancomycin was retrospectively examined based on trough concentrations ob-
tained during routine therapeutic drug monitoring to examine possible pharmacokinetic differences between
adult Japanese cancer and non-cancer patients with various degrees of renal function. A total of 231 data points
from 65 cancer patients and 41 non-cancer patients were collected, and patients® background, vancomycin dose,
and vancomycin clearance estimated by an empirical Bayesian method were summarized. Regarding the
patients’ characteristics and clinical laboratory test data, no clear differences were found between the two
groups. The relationship between vancomycin clearance and creatinine clearance were similar between the
groups, suggesting little effect of malignancy on vancomycin clearance. After the sub-group comparisons regard-
ing fluid retention and cancer type, no clear differences were found in the vancomycin clearance versus creati-
nine clearance relationship. We conclude that the initial dose of vancomycin should not necessarily be adjusted
for cancer patients. For individualized vancomycin-based therapy, dose adjustment at the appropriate time is im-
portant according to information from routine therapeutic drug monitoring and clinical laboratery tests, and to
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observations of the efficacy, nephrotoxicity, and other conditions in each patient.

Key words vancomycin; pharmacokinetics; cancer patient; therapeutic drug monitoring; malignant; methicillin-resistant

Staphylococcus aureus

Methicillin-resistant Staphylococcus aureus (MRSA) is
known to cause diseases especially in individuals with less
resistance to infectious bacteria, such as elderly, immunosup-
pressive, or postoperative patients, or patients with total par-
enteral nutrition (TPN), with trachea catheter or any passage
in the trachea, premature infants and newborns, and wound
patients. In cancer patients, the risk rate for MRSA infection
is generally high because of depressed immunocompetence,
a side effect of anticancer agents, and nosocomial infections
by MRSA have been reported.”

Vancomycin, a glycopeptide antibiotic, has been used to
treat MRSA infections, and it requires effective therapeutic
drug monitoring (TDM) during treatment period especially
to reduce the incidences of nephrotoxicity by controlling its
serum concentration within the therapeutic range.>™ The
pharmacokinetics of vancomycin in MRSA-infected patients
has been studied,*™? and population pharmacokinetic pa-
rameters were reported in adult Japanese patients.'"” More re-
cently, an empirical Bayesian method has been widely ap-
plied to TDM data,' and the predictability of the Bayesian
forecasting methodology for vancomycin with the population
pharmacokinetic parameters in Japanese patients was exam-
ined.’>¥

Vancomycin is mainly eliminated into urine, and most of
the pharmacokinetic variability can be explained by the de-
gree of renal function.!” However, there have been several
reports of a difference in vancomycin pharmacokinetics
between malignant and non-malignant adult”'® and pedi-
atric'®™'® patients, suggesting malignant state to be a covari-
ate of the pharmacokinetic variability. Le Normand ef al.”

* To whom correspondence should be addressed.  e-mail: inui@kuhp.kyoto-u.ac.jp

reported a larger distribution volume and shorter elimination
half-life in neutropenic adult patients and they suggested the
need of new therapeutic regimen. Fernandez de Gatta et al.'?
reported a significant effect of malignancy on clearance in
patients with hematologic malignancies and proposed a
nomogram for dose setting in cancer patients. Teramachi et
al.' reported that the clearance was significantly greater in
the malignancy group (0.0772:0.029 I/h/kg) than non-malig-
nancy group (0.056*0.018 I/h/kg) in Japanese patients. They
also found a significant difference in distribution volume at
steady state (1.29+0.41Vkg in malignancy group, 1.05*
0.341/kg in non-malignancy group). However, it is also true
that in their report many patients in the malignancy group
showed similar values of clearance and distribution volume
to those in the non-malignancy group. Based on these find-
ings, it seems that the strategy for dose setting in cancer
patients seems confusing for vancomycin, and even if the
mean differences in the pharmacokinetic parameters exist,
we considered that dosage individualization based on ob-
served drug concentration data should be much more impor-
tant as Fernandez de Gatta et al.'” commented, because the
inter-individual variability of vancomycin pharmacokinetics
is still extensive. Thus in this report, we aimed to clarify the
possible impact of such pharmacokinetic differences on the
routine vancomycin therapy and performed a retrospective
study regarding the pharmacokinetics of vancomycin based
on clinical data which were taken in the routine therapeutic
drug monitoring in Kyoto University Hospital.

© 2009 Pharmaceutical Society of Japan
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MATERIALS AND METHODS

Data Source and Patients Characteristics The data
from patients treated with vancomycin and monitored as to
its serum concentration during hospitalization in Kyoto Uni-
versity Hospital (Kyoto, Japan) were collected retrospec-
tively. The investigation period was from November 2005 to
September 2006. Patients under 14 years old or patients with
hemodialysis were excluded. The total number of patients
was 106, including 65 cancer patients and 41 non-cancer pa-
tients. This study was conducted in accordance with the Dec-
laration of Helsinki and its amendments, and the protocol
was approved by the Ethics Committee of Kyoto University
Graduate School and Faculty of Medicine.

All data were retrospectively collected from the electronic
charts, and patient characteristics and results of clinical labo-
ratory tests such as serum creatinine (Scr), blood urea ni-
trogen (BUN), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and serum albumin (ALB) levels
were summarized. Main diagnosis, vancomycin dose, dosing
interval, and trough concentration data at steady state were
also collected. Serum concentrations were measured by fluo-
rescence polarization immunoassay (FPIA) using a TDxFLx®
analyzer (Abbott Japan, Tokyo, Japan) in the Department of
Pharmacy, Kyoto University Hospital. Only the trough data at
more than 3 d after the initiation of vancomycin therapy were
used for the data at steady state. In addition, a steady state
condition was confirmed for each patient by visually check-
ing the simulated concentration-time profiles by the Bayesian
method described below. In some patients, more than two
data points were obtained on different dosing days, and fi-
nally, the number of trough concentration values was 145 in
cancer patients and 86 in non-cancer patients. In some pa-
tients, doses were also changed during treatment, and so we
picked the dose and concentration data at typical sampling
times, i.e. the sampling time when the steady state trough
concentration was first measured (referred to as the ‘first
sampling point’) and the sampling time when the concentra-
tion data were last measured (‘last sampling point’). For
daily dose and trough concentration, data were summarized
at each of these sampling points. For clinical laboratory tests,
values at only the last sampling point were used for further
comparison.

Data Analysis The relationships of the observed trough
concentration with dose, values of clinical laboratory tests,
and patients’ other characteristics were examined, and statis-
tical comparisons between the cancer and non-cancer pa-
tients were performed accordingly for these observed values.
Especially for relationships of the trough concentrations with
daily dose, dosing interval, calculated creatinine clearance
(CLecr) by the Cockcroft-Gault method,”” and ALT and ALB
were examined by multiple linear regression analysis.

Using the observed trough concentration data, an empiti-
cal Bayesian method?" was applied to obtain the individual
estimates of vancomycin clearance (CL). In this study, we
obtained the Bayesian estimates for distribution volume but
we did not use them for further discussion because only the
trough concentration data were available for most patients.
Bayesian estimation was carried out using the software pack-
age VCM-TDM (Ver. 2.03, Shionogi & Co., Ltd., Osaka,
Japan)® based on a linear two-compartment model. A popu-
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lation pharmacokinetic parameter set for Japanese adult pa-
tients'" was adopted, where calculated creatinine clearance
(CLcr) by the Cockeroft-Gault method®” was used. That is,
in case the calculated CLcr is greater than 85ml/min, the
population average clearance was set to 3.51 I/h, otherwise an
equation CL (I/h)=0.0478 X CLer (ml/min) was adopted. All
the available trough concentration data in each patient were
simultaneously used for the Bayesian estimation. In the pa-
tients whose Scr changed more than 0.5 mg/dl, the Bayesian
estimates obtained from only the data before the Scr change
were used for the following evaluation.

Bayesian predictability was evaluated by a correlation
analysis of the observed and predicted values of vancomycin
concentration, and mean prediction error (ME) and root
mean squared error (RMSE) were used as indices of bias and

prediction, respectivelyz”;

1 n
ME =— Y (Cpres = Co) M
i=1

1 n
RMSE = | " (Cp = s’ @
i=1

In Eqgs. 1 and 2, # is number of concentration data, C,4 is
predicted drug concentration and C,, is observed drug con-
centration.

The cancer patients were divided into sub-groups accord-
ing to the presence of fluid retention or cancer type, and
comparisons of vancomycin clearance were made based on
statistical analyses or visual inspection. Type of fluid reten-
tion such as ascites and pleural effusion was diagnosed by
physicians based on the imaging test, and edema was also di-
agnosed by physicians by referencing increase of body
weight.

Statistical Analysis Mean difference of the patients’
characteristics including the results of clinical laboratory
tests, vancomycin dose, observed trough concentration, and
estimated clearance were tested between the cancer and non-
cancer patients. Statistical comparisons were made for the
sub-group data, if appropriate, by Student’s f-test or Welch’s
t-test according to results of an F-test for equal variance,
with a 5% level of significance. Statistical tests and regres-
sion analyses were carried out with Microsoft Excel® (Mi-
crosoft, WA, U.S.A.) or Dr. SPSS (SPSS Japan Inc., Tokyo,
Japan).

RESULTS

Comparison of Patients’ Characteristics The patients’
characteristics are summarized in Table 1. No significant dif-
ferences were found between the two groups for age, body
weight, Scr, BUN, AST, ALT, ALB and CLer. The cancer
type and clinical stage in the cancer patients are summarized
in Table 2. Most patients were in stage I1I or IV,

Comparison of Vancomycin Dose and Observed
Trough Concentration A summary of the vancomycin
dose and observed trough concentration is given in Table 1.
In some patients, doses were changed during the treatment,
and thus dose and trough concentration at both the first and
the last sampling point as defined in the previous section
were compared. In the case of the first sampling point, the
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Cancer

Non-cancer

Number of patients 65 (male 43, female 22)

41 (male 24, female 17)

Age (years old) 57.4+14.4 (24—81) 62.6+15.6 (27—92) N.S.
Body weight (kg) 52.6*+11.3 (35.3—94.8) 53.1*£10.5(31.4—78.7) N.S.
Scr (mg/dl) 0.8+0.8 (0.3—6.1) 0.8+0.4 (0.3—2.2) N.S.
BUN (mg/dl) 15.8*12.8 (3—76) 18.3x13.6 (3—55) N.S.
AST (IU/1) 27.9%21.6 (6—129) 35.0+33.1 (8—182) N.S.
ALT (1U/) 34.0+32.2 (3—194) 34.5+41.0 (6—245) N.S.
ALB (g/dl) 3.120.5(1.8—4.5) 3.2+0.6 (1.8—4.4) N.S.
CLer (ml/min/kg)” 1.69+0.75 (0.21—3.61) 1.62+0.83 (0.42—3.70) N.S.
CLer (ml/min)® 88.1+40.3 (8.7—181.2) 86.046.5 (17.8—203.8) N.S.
Number of trough measurements 145 86

Daily dose (mg/kg)” 35.5+11.9 (10.5—78.5) 28.5+8.9 (12.2—46.7) p<0.01
Daily dose (mg/kg) 31.4*+12.5(11.8—78.5) 304*11.1(122—534) N.S.
Vancomycin conc. (tg/ml)® 11.5+54(2.4—29.7) 10.8+5.2 (2.1—24.2) N.S.
Vancomycin conc. (ug/ml)® 11.5%£5.0 (2.1—29.7) 12.8%6.4 (2.1—36.6) N.S.

Values are the mean*8.D, (minimum—maximum). N.S.: Not significantly different. @) Calculated by Cockcroft-Gault formula. b) At the first sampling point. ¢) At the last

sampling point.

Table 2. Cancer Type and Number of Patients in Each Clinical Stage

Stage
Cancer type Total
I I m v
Acute myelocytic leukemia Not defined 9
Lung cancer 5 3 8
Esophageal cancer 1 3 2 6
Bladder cancer 2 1 3 6
Malignant lymphoma 1 1 1 2 5
Lymphocytic leukemia Not defined i 4
Pharyngeal cancer 1 1 1 3
Hepatocellular carcinoma 3 3
Soft tissue tumor Not defined 3
Cervical cancer 1 1 2
Tongue cancer 1 1 2
Multiple myeloma i 1 2
Pancreatic cancer 1 i 2
Osteosarcoma Not defined 2
Testicular cancer 1 1
Duodenal neoplasm 1 1
Gastric cancer 1 1
Gallbladder cancer 1 1
Brain tumor Not defined 1
Adult T-cell leukemia Not defined 1
Chronic myelocytic leukemia Not defined 1
Myelodysplastic syndrome Not defined 1

Not defined: clinical stage is not defined because of non-solid cancer.

dose was 35.5+11.9mg/kg (mean+S.D.) and 28.5+8.9 mg/
kg in the cancer and non-cancer patients, respectively, which
were significantly different (p<<0.01), but the trough concen-
tration was not significantly different (11.5+5.4 ug/ml in the
cancer patients and 10.8%5.2 ug/ml in the non-cancer pa-
tients). In the case of the last sampling point, no significant
differences were found in dose (31.4*12.5mg/kg vs. 304
11.1mg/kg) or trough concentration (11.5%£5.0 ug/ml vs.
12.8+6.4 pg/ml).

Figures 1 and 2 show the relationship of trough concentra-
tion with daily dose (Fig. 1), CLcr (Fig. 2a), ALT as a marker
of hepatic function (Fig. 2b), and ALB (Fig. 2¢). Multiple
linear regression analysis with a stepwise method showed
that the trough concentration depends on daily dose (p<<
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Fig. 1.

Open circles: cancer patients, open triangles: non-cancer patients. Mean values for
each dose are plotted with horizontal bars.

Relationship of Trough Concentration with Daily Dose

0.001) and CLecr (»<<0.001), and was independent of dosing
interval, ALT, ALB and cancer type.

Comparison of Bayesian Estimated Vancomycin Clear-
ance Figure 3 shows a correlation between the observed
and the Bayesian predicted vancomycin trough concentra-
tions. The indices ME and RMSE were 0.49 and 2.91, re-
spectively for the cancer patients, and 0.37 and 2.00 for the
non-cancer patients. According to these results, Bayesian
predictability seems generally acceptable. The accuracy of
Bayesian estimation depends on sampling times,** % and it
is reported that the estimation error for distribution volume is
large but that for clearance is relatively small in case using
only trough data.?® Therefore, we did not compare distribu-
tion volume by the Bayesian method between the cancer and
non-cancer patients as only trough concentration data were
available.

The predicted vancomycin clearance was (mean=S.D.,
minimum—maximum) 3.73%+1.39 (0.912—5.97) /h for the
cancer patients, and 3.48%+1.56 (0.545—6.87)1/h for the
non-cancer patients, and when adjusted for body weight,
clearance was 0.072+0.028 (0.022—0.140)l/h/kg for the
cancer patients, and 0.065+0.026 (0.017—0.127) I/h/kg for
the non-cancer patients. Although average clearance did not
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Open circles: cancer patients, open triangles: non-cancer patients.
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Circles: data from cancer patients, Triangles: data from non-cancer patients. Data
from patients with fluid retention are plotted with closed circles (cancer) or closed tri-
angles (non-cancer). The predictive range given by the mean*2XS.D. of inter-individ-
ual variability of the population parameters was given by dotted lines. The lines are dis-
continuous because the original population profile is discontinuous.

differ significantly between the groups, this does not suggest
that there is no effect of malignancy on vancomycin clear-
ance because clearance depends on creatinine clearance, and
creatinine clearance varies between patients in the present
data set. Therefore visual checking and a comparison of the
correlation plots of vancomycin clearance and creatinine
clearance in both groups would be a better approach. Figure
4 shows the correlation plots in both groups. The scatters of
the data in both groups were similar, suggesting no differ-
ence in elimination processes. The similarity of the current
data with the previous population data set can be confirmed
by comparing the data with a predictive range of CL vs. CLcr
relationship calculated by ‘population mean®=2XS.D. of
inter-individual variability’ as shown in Fig. 4.

Vancomycin distributes abdominal dropsy,”” and thus we
examined the possible difference of vancomycin clearance in
patients with fluid retention. A scatter plot of the clearance
against creatinine clearance for each sub-group is given in
Fig. 4 with closed symbols for those with fluid retention. By
visual inspection of Fig. 4, vancomycin clearance in patients
with fluid retention was within the range of that in patients
without fluid retention.

Estimates of vancomycin clearance were compared among
different cancer types. The relationship between clearance
(I/h) and creatinine clearance (ml/min) were plotted for each
cancer type in Fig. 5. Data for different cancer types with
more than 3 patients were plotted separately. Regarding the
patients backgrounds, no statistical comparisons were per-
formed because we considered that the numbers of data sets
were too small to be used for multiple comparisons, however,
mean values for age, body weight, and results of clinical lab-
oratory tests were similar among the cancer types. As shown
in Fig. 5, no clear pattern showing the difference by cancer
type was found.

DISCUSSION

In this study, the pharmacokinetics of vancomycin was ret-
rospectively examined based on steady state trough concen-
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Cancer types in the cancer patients are; 1: acute myelocytic leukemia, 2: lung cancer,
3: esophageal cancer, 4: bladder cancer, 5: malignant lymphoma, 6: lymphocytic
leukemia, 7: pharyngeal cancer, 8: soft tissue tumor, 9: hepatoceliular carcinoma, and
10: others.

trations in routine therapeutic drug monitoring. Although
some patients had values outside the recommended concen-
tration range, the trough levels were generally well con-
trolled. As shown in Table 1, average trough concentrations
were around 12 yig/ml and were not significantly different be-
tween the cancer and non-cancer patients for either the first
or last sampling points. Regarding the body weight-normal-
ized dose, the cancer group showed significantly higher val-
ues at the first sampling point, however, the doses were not
significantly different at the last sampling point. There was
one patient with a soft tissue tumor who received a relatively
high dose per body weight (38.2 kg body weight, 62 years
old, daily dose: 3000 mg/d, 78.5 mg/kg/d). If we exclude this
patient, doses did not differ between the two groups. In this
patient, body weight was extremely low because of weight
loss (15kg was lost) due to excision of the femoral region
and anorexia as a side effect of radiation therapy, and such
low body weight resulted in high calculated daily dose per
body weight. Based on our present data, vancomycin doses
as well as trough concentrations at steady state in routine
therapy did not differ between the cancer and non-cancer pa-
tients,

From the results of the statistical comparison (Table 1) and
visual check of the plot of clearance versus creatinine clear-
ance (Fig. 4), there was no clear difference in the estimated
clearance between the cancer and non-cancer patients, al-
though there are some reports of a significant pharmacokinetic
difference between cancer and non-cancer patients.”'%'¢—!%)
In the teport by Teramachi et al.,'” they selected patients
with normal renal function, and they did not have to consider
the effect of renal function on their data. In such a well con-
trolled data set, they found some patients that showed greater
clearance and distribution volume, however in their report,
some individual plots showed similar values of clearance and
distribution volume between the malignancy group and non-
malignancy group. Based on these findings, we consider that
pharmacokinetics of vancomycin may change in some cancer
patients but dosage should be individualized based on other
covariates such as patients’ condition and on observed drug
concentration data considering that the inter-individual vari-
ability of vancomycin pharmacokinetics is still extensive. In
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this work, we could not discuss the possible changes in distri-
bution volume because we used only trough concentration
data, but as complementary information, we found fluid re-
tention did not affect the vancomycin clearance, and the re-
sults suggested no need of dose adjustment for patients with
fluid retention to control trough concentration.

Regarding the initial dose adjustment for cancer patients,
it is also reported that vancomycin dose should be higher in
pediatric cancer patients due to changes of pharmacokinetic
parameters.'s1® However, malignancy state is not the sole
covariate affecting vancomycin pharmacokinetics,'” and also
considering a large inter-individual variability in clearance
after correcting by each patient’s renal function, we should
not discuss dosage adjustment in cancer patients based on
only average differences between cancer and non-cancer pa-
tients. We would suggest that initial dose should not neces-
sarily be increased in cancer patients, but we still should be
careful of the possibility that vancomycin concentrations
might be lower than expected in cancer patients due to an in-
crease in clearance and/or distribution volume. We consider
that peak concentration monitoring is not necessary in rou-
tine therapeutic drug monitoring because the side effect can
be monitored based on trough levels, and efficacy is related
to a ratio of the area under the concentration vs. time curve to
minimum inhibitory concentration (AUC/MIC),**® where
AUC is a function of clearance that can be calculated by the
Bayesian method using only trough data.

There are a few reports regarding the effects of cancer
type on vancomycin pharmacokinetics in Japanese patients.
Teramachi et al.'® reported significant increase in clearance
and distribution volume in patients with breast cancer and
Hodgikins lymphoma (n=3 or 4). In our study, we have
no data for breast cancer and 5 patients with malignant
lymphoma. For the latter, vancomycin dose and clearance
showed similar values as shown in Fig. 5 although the num-
bers of cases are small. In other cancer groups, although it is
difficult to compare the pharmacokinetics precisely, by visu-
ally checking the plots, no clear dependence on cancer type
was found for clearance.

In our present analysis, we found no clear difference in
vancomycin clearance between the cancer and non-cancer
patients, and therefore we conclude that initial dose should
not necessarily be adjusted (increased) for cancer patients. In
dosage adjustment in routine therapeutic drug monitoring ac-
cording to a Bayesian prediction, one trough concentration is
usually enough to establish an individualized dosage.'**? Of
course in all patients, dose adjustment at the appropriate time
is important according to information from routine therapeu-
tic drug monitoring and clinical laboratory tests, and should
be based also on observations of efficacy, nephrotoxicity and
other conditions in each patient.
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