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Genetic polymorphisms in biotransformation enzyme
CYP3A5 (6986G>A, CYP3A5∗3; 14690A>G, CYP3A5∗
6) and drug transporter ABCB1 (1236C > T; 2677G >
T/A; 3435C > T) are known to influence tacrolimus
(Tac) dose requirements and trough blood levels in
stable transplant patients. In a group of 19 volun-
teers selected with relevant genotypes among a list
of 221 adult renal transplant candidates, we evaluated
whether consideration of CYP3A5 and ABCB1 genetic
polymorphisms could explain the interindividual vari-
ability in Tac pharmacokinetics after the first admin-
istration of a standard dose (0.1 mg/kg body weight
twice a day). Lower area under the time versus blood
concentration curves (AUC) or lower trough concentra-
tions were observed among CYP3A5 expressors (n =
9) than among nonexpressors (n = 10) using two dif-
ferent analytical methods for Tac determination (liq-
uid chromatography with tandem mass spectrometry
(LC-MS/MS) and immunoassay). The median AUC0−∞
was 2.6- and 2.1-fold higher in nonexpressors for LC-
MS/MS and immunologic methods, respectively. No
difference was observed in Tac pharmacokinetic pa-
rameters in relation to ABCB1 polymorphisms. In con-
clusion, our study confirms the very significant effect
of CYP3A5 polymorphism early after the first adminis-
tration of Tac. It also provides a strong argument for
a doubling of the loading dose in patients early iden-
tified a priori on the transplantation list as possessing
at least one CYP3A5∗1 allele.

Key words: ABCB1 (MDR1), CYP3A5, polymorphisms,
tacrolimus, transplantation

Received 3 May 2006, revised and accepted for publi-
cation 11 July 2006

Introduction

Tacrolimus (Tac, FK506) is widely used to prevent acute

rejection following solid-organ transplantation. Like cy-

closporin (CsA), this drug is characterized by a narrow

therapeutic index, and close drug monitoring programs

are required both to optimize efficacy and to limit toxic-

ity. Achieving therapeutic trough levels is of critical impor-

tance, especially during the initial period after transplan-

tation which is characterized by the highest risk of organ

rejection. Practically, daily oral doses are adjusted accord-

ing to the whole-blood trough concentrations measured

12 h postdose, just before the next dose (C0). The daily

practice of drug monitoring reveals a large interindivid-

ual variability in Tac pharmacokinetics and particularly in

the dose required to achieve target blood concentrations

(1). Among several factors investigated, polymorphisms in

genes coding for biotransformation enzymes (CYP isoen-

zymes 3A4 and 3A5) and drug transporters (ABCB1, previ-

ously known as MDR1) have received much attention and it

becomes increasingly clear that a significant part of the in-

terindividual variability in Tac pharmacokinetics is explained

by the presence of a single nucleotide polymorphism (SNP)

within intron 3 of CYP3A5 (6986G > A, CYP3A5∗3 allele)

resulting in the absence of the functional CYP3A5 protein

in homozygous carriers (CYP3A5∗3/ ∗3). Studies in kidney

(2–5), liver (6), lung (7) and heart (8) transplant recipients

have demonstrated that patients who do not express func-

tional CYP3A5 (individuals homozygous for CYP3A5∗3, rep-

resenting 80% of the Caucasian population (9)) require sig-

nificantly less Tac to reach target concentrations compared

to patients who do express CYP3A5 (CYP3A5∗1 allele carri-

ers, requiring 30–50% higher Tac doses) (for a comprehen-

sive review, see (10)). In contrast, SNPs in ABCB1 appear

to contribute little, if at all, to the interindividual variabil-

ity in Tac pharmacokinetics (10). In relation to transplan-

tation outcome, MacPhee and colleagues (11) have as-

sessed the time taken to achieve Tac target concentrations

in renal transplant recipients. In their study, despite the

use of therapeutic drug monitoring (TDM), patients who

expressed CYP3A5 had significantly lower mean Tac C0

during the first 2 weeks after transplantation and experi-

enced a delay in achieving target concentrations. Acute

rejection episodes occurred earlier in CYP3A5 expressors

compared with nonexpressors (median of day 8 vs. day 13),

although there was no statistically significant difference in
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Figure 1: Genotype screening of
patients included in a list of adult
renal transplant candidates and se-
lection of 19 volunteers.

the overall rate of biopsy-confirmed acute rejection (11).

While ABCB1 SNPs do not appear to contribute much to

the interindividual variability in Tac pharmacokinetics, it is

not excluded that they could be associated with the occur-

rence of Tac-related nephrotoxicity, as recently reported for

CsA (12).

As suggested by Thummel (13), CYP3A5 genotyping is

considered to prospectively adjust the initial Tac dose

for ‘rapid metabolizers’ in order to reach earlier a steady

state of target blood concentration. Although some trans-

plant centers have already adopted the strategy to give a

2-fold higher Tac dose to CYP3A5 expressors (10), well-

controlled studies are still needed to support practices.

We therefore investigated under strict experimental con-

ditions the impact of CYP3A5 polymorphisms and ABCB1

genotype/haplotype on Tac pharmacokinetics in a group of

volunteers selected on the basis of their genotype. This

study would also contribute to verify whether significant

genotype-phenotype associations, previously observed af-

ter restoration of homeostasis and achievement of steady-

state blood concentrations, also apply to the first Tac dose

(13).

Materials and Methods

Selection of volunteers and genotyping analysis
For the initial genotype screening, 221 patients from different ethnic groups,

between 18 and 70 years of age, were recruited among a list of adult renal

transplant candidates. They were asked to provide a blood sample for geno-

typing of CYP3A5 and ABCB1. Two CYP3A5 variant alleles, i.e. CYP3A5∗3

and CYP3A5∗6 (http://www.imm.ki.se/CYPalleles) and three ABCB1 SNPs,

i.e. 1236C > T, 2677G > T/A and 3435C > T were determined by re-

striction fragment length polymorphism (RFLP) analysis, as described else-

where (3). Based on previous results from our cross-sectional study, which

pointed to CYP3A5∗1/∗3 polymorphism as the main determinant of vari-

ability in Tac dose requirement (3), volunteers were first classified accord-

ing to their CYP3A5∗3 status. Then ABCB1 and CYP3A5∗6 status were

taken into account for further selection. Based on the results of this initial

screening, 19 volunteers were finally selected to obtain a balanced dis-

tribution between the variant alleles of CYP3A5 (homozygous ‘wild-type’

CYP3A5∗1/ ∗1 (n = 5), heterozygous CYP3A5∗1/ ∗3 (n = 4) and homozygous

mutant CYP3A5∗3/ ∗3 (n = 10)). We also aimed to assess the independent

effect of ABCB1 polymorphisms in the subgroup of CYP3A5 nonexpressors

volunteers (CYP3A5∗3/ ∗3). In this subgroup, volunteers were therefore se-

lected to obtain a balanced distribution between ABCB1 haplotype (ABCB1

exons 12–21–26; CC-GG-CC (n = 4), TT-TT-TT (n = 4) and CT-GT-CT (n =
2)) (Figure 1). The main characteristics of the final study population are

summarized in Table 1. The absence of medication known to interact with

calcineurin inhibitors, such as calcium channel blockers (diltiazem, nicardip-

ine and verapamil), antiepileptics (phenytoin and carbamazepine), antimy-

cotics (fluconazole and ketoconazole), macrolide antibiotics (erythromycin

and clarithromycin) and antiretrovirals (ritonavir and saquinavir) was checked

for each of the 19 volunteers.

Exposure of volunteers
The 19 volunteers were admitted, between two dialysis periods, for a

24-h hospitalization and were given an oral dose of Tac of 0.1 mg/kg body

weight twice a day. After overnight fasting, and 1 h before the first meal, the

volunteers were orally administered the first dose of Tac. The second dose

was administered exactly 12 h after the first dose and 1 h before the supper.

The study protocol was approved by the local Ethical Committee and all pa-

tients provided their informed consent to participate in the study. Patients

were kept under continuous medical surveillance during the hospitalization

period.

Sample collection and analysis
Blood samples were respectively collected before and 1, 2, 4, 8 and 12 h

after the administration of the first Tac dose (t0, t1, t2, t4, t8 and t12). The

second dose of Tac was administered just after t12 and further blood sam-

ples were respectively collected 1, 2, 4, 8 and 12 h after the administration

of the second Tac dose (t13, t14, t16, t20 and t24). Tac whole blood concen-

trations were determined both by liquid chromatography with tandem mass
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Haufroid et al.

Ta
b

le
1:

M
a
in

c
h

a
ra

c
te

ri
s
ti
c
s

o
f

th
e

fi
n

a
l
s
tu

d
y

p
o

p
u

la
ti
o

n
a
c
c
o

rd
in

g
to

C
Y

P
3

A
5

a
n

d
A

B
C

B
1

g
e

n
o

ty
p

e

C
Y

P
3

A
5

in
tr

o
n

A
B

C
B

1
e

x
o

n
A

B
C

B
1

e
x
o

n
A

B
C

B
1

e
x
o

n

Ta
c

d
o

s
e

Ta
c

d
o

s
e

/w
e

ig
h

t
3

6
9

8
6

1
2

1
2

3
6

2
1

2
6

7
7

2
6

3
4

3
5

A
g

e
(y

e
a
rs

)
W

e
ig

h
t

(k
g

)
(m

g
)

(m
g

/k
g

)
G

>
A

s
ta

tu
s

C
>

T
s
ta

tu
s

G
>

T
/A

s
ta

tu
s

C
>

T
s
ta

tu
s

C
Y

P
3

A
5

e
x
p

re
s
s
o

rs

V
o

lu
n

te
e

rs
1

–
5

(5
m

a
le

s
)

60
(4

7
–
6

9
)

80
(5

5
–
8

0
)

8
(6

–
8

)
0.

10
0

(0
.1

0
0

–
0

.1
0

9
)

C
Y

P
3

A
5

∗ 1
/∗

1
C

/C
1

G
/G

C
/C

1

V
o

lu
n

te
e

rs
6

–
9

(2
fe

m
a
le

s
,

2
m

a
le

s
)

59
(4

8
–
6

6
)

69
(5

5
–
8

4
)

7
(6

–
8

)
0.

10
3

(0
.0

9
5

–
0

.1
0

9
)

C
Y

P
3

A
5

∗ 1
/∗

3
C

/C
G

/G
C

/C
C

Y
P

3
A

5
n

o
n

e
x
p

re
s
s
o

rs

V
o

lu
n

te
e

rs
1

0
–
1

3
(4

m
a
le

s
)

41
(2

6
–
4

6
)

85
(8

2
–
9

6
)

8.
5

(8
–
1

0
)

0.
10

1
(0

.0
9

6
–
0

.1
0

5
)

C
Y

P
3

A
5

∗ 3
/∗

3
C

/C
G

/G
C

/C

V
o

lu
n

te
e

rs
1

4
–
1

7
(4

m
a
le

s
)

54
(3

3
–
6

5
)

70
(5

9
–
7

8
)

6.
5

(6
–
8

)
0.

10
1

(0
.0

9
9

–
0

.1
0

3
)

C
Y

P
3

A
5

∗ 3
/∗

3
T

/T
T

/T
T

/T

v
o

lu
n

te
e

rs
1

8
–
1

9
(1

fe
m

a
le

,
1

m
a
le

)
45

(3
4

–
5

6
)

63
(5

0
–
7

6
)

6.
5

(5
–
8

)
0.

10
3

(0
.1

0
0

–
0

.1
0

5
)

C
Y

P
3

A
5

∗ 3
/∗

3
C

/T
G

/T
C

/T

V
a
lu

e
s

a
re

g
iv

e
n

a
s

m
ed

ia
n

a
n

d
ra

n
g

e
.

P
re

s
e

n
c
e

o
f

C
Y

P
3

A
5

∗ 6
a
lle

le
w

a
s

a
ls

o
c
h

e
c
k
e

d
fo

r
a
ll

v
o

lu
n

te
e

rs
:

o
n

ly
v
o

lu
n

te
e

r
5

p
o

s
s
e

s
s
e

d
o

n
e

C
Y

P
3

A
5

∗ 6
a
lle

le
(∗

1
/∗

6
).

1
V

o
lu

n
te

e
r

4
p

o
s
s
e

s
s
e

d
C

/T
g

e
n

o
ty

p
e

.

spectrometry (LC-MS/MS) and by immunoassay. The liquid chromatography

assay was developed on a LC-MS/MS MicroQuattro system from Waters-

Micromass Ltd and the analytical procedure has been described elsewhere

(14). Briefly, chromatographic conditions include a cartridge column C18

Phenomenex 4 × 3 mm maintained at 55◦C, a 0.3 mL/min flow rate of

a mobile phase (30% buffer ammonium acetate 2 mM/70% methanol-

ammonium acetate 2 mM). Tac and ascomycin (internal standard) are moni-

tored by detecting specific product ions resulting from the fragmentation of

their precursor ions using MRM acquisition mode (821.4 > 768.2 m/z and

809.6 > 756.6 m/z, respectively). Immunoassays were performed by MEIA

(microparticle enzyme immunoassay) on the IMx analyzer (Abbott Diagnos-

tics Laboratories, Abbott-Park, IL). Tac analytical performances displayed a

between-day coefficient of variation of <11% with the IMx analyzer. Among

Tac metabolites, only MII presents an activity close to the parent compound

(approximately 100%). The other metabolites (MI, MIII, MIV, etc.) display

an activity of <7%. With the IMx analyzer, MI, MII, MIII and MIV display

a cross-reactivity with the antibody of <1%, 109%, 90.5% and 8.8%, re-

spectively (15). The laboratory successfully participates in international pro-

ficiency testing schemes (UK, David Holt).

Pharmacokinetic analysis
C 12 and C 24 are defined as the trough levels obtained after the first and

the second dose of Tac, respectively. Area under the time versus blood

concentration curve (AUC) was evaluated using the linear trapezoidal rule.

Total Tac AUC0−∞ was determined by the summation of AUC0–12, AUC12–24

and AUC24−∞. AUC24−∞ was determined from the ratio of the last Tac blood

concentration (C 24) to the elimination rate constant (ke expressed in h−1)

calculated from the second dosing interval. Apparent clearance of Tac (Cl)

was determined from the ratio of the total administered dose, normalized

for body weight, to the total Tac AUC0−∞. Apparent volume of distribution of

Tac (Vd) was determined by the following equation: Vd = Cl/ke (ke calculated

from the second dosing interval). The limited sampling strategy does not

allow accurate determination of C max and tmax (five values for both dosing

intervals among which only two during the early phase).

Statistical analysis
Statistical analysis was carried out using the SPSS package (version 11.0,

SPSS, Chicago, IL). Groups were compared using nonparametric tests. To

compare two groups, we used the Mann-Whitney U-test, and to compare

several groups, the Kruskal-Wallis test. p values less than 0.05 were consid-

ered statistically significant. All values are expressed as median and range

unless otherwise stated. Multiple regression analysis models were used

to assess the contribution of genotypes and other covariates (age, gender,

body weight, Tac dose) to the interindividual variability of Tac PK parameters.

For these multivariate regression analyses, each genotype was coded with

a distinct dummy variable set at 0 (presence of at least one functional allele

for CYP3A5 or double presence of ‘wild-type’ allele for ABCB1 genotypes),

at 1 (double presence of CYP3A5∗3 allele (i.e. absence of CYP3A5 activity)

or heterozygous status for ABCB1) or at 2 (double presence of ‘mutant’

allele for ABCB1 genotypes). When appropriate, significant covariates of

Tac PK parameters were traced by a stepwise regression procedure using

a significance level of 0.10 for entry and 0.05 for staying in the model.

Results

Influence of CYP3A5 genotype on Tac
pharmacokinetics
As shown in Table 2, lower AUCs or trough levels (C12 and

C24) and higher Cl or Vd were observed among CYP3A5 ex-

pressors (n = 9) than among nonexpressors (n = 10). Simi-

lar results were observed with the immunoassay (data not
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Figure 2: Whole blood Tac concentration measured by
LC-MS/MS (ng/mL) according to CYP3A5 genotype
(CYP3A5∗1/∗1 or ∗1/∗3, n = 9 and CYP3A5∗3/∗3, n =
10). The mean values and SEM are indicated.

shown). In contrast, no difference in C1 was observed be-

tween expressors and nonexpressors volunteers. A graph

depicting the average curve according to CYP3A5 geno-

type is presented in Figure 2. Body weight and Tac dose

were not different between expressors and nonexpres-

sors. It should, however, be noted that age was different

between both groups (60 years (range: 47–69) for expres-

sors vs. 44.5 years (range: 26–65) for nonexpressors, p <

0.05). The median AUC0−∞ was 2.6- and 2.1-fold higher

in nonexpressors with LC-MS/MS and MEIA methods, re-

spectively. This difference was more striking when con-

sidering C24 (5.1- and 2.9-fold, respectively). A very small

overlap was observed between CYP3A5 expressors and

nonexpressors for AUC0−∞ (Figure 3A) and involved an

individual possessing one CYP3A5∗6 allele. The separa-

tion was clear-cut when considering C24 (Figure 3B). To

indirectly assess the potential impact of Tac metabolites,

we also analyzed the ratio of selected pharmacokinetic

parameters calculated using both analytical methods (ra-

tio expressed as (PK parameter MEIA/PK parameter LC-

MS/MS)∗100) in relation to CYP3A5 expressor status. In-

terestingly, significant differences between groups were

observed for AUC0−∞ (160% for expressors vs. 116.5%

for nonexpressors, p < 0.05) and C24 (211% vs. 119.5%,

p < 0.05).

Influence of ABCB1 genotype/haplotype on Tac
pharmacokinetics
When considering the whole group of volunteers, no sta-

tistically significant association was observed between Tac

PK parameters and polymorphisms in ABCB1 exon 12, 21

or 26. In order to assess a possible independent effect of

ABCB1 polymorphism on Tac PK parameters, the statistical

analysis was performed on the subgroup of CYP3A5 non-

expressors (n = 10, volunteers 10–19), selected a priori to

obtain a balanced distribution between ABCB1 haplotypes

(ABCB1 exons 12–21–26; CC-GG-CC (n = 4), TT-TT-TT (n =
4) and CT-GT-CT (n = 2)) (see Table 1). No effect of ABCB1

haplotype was observed (Table 3 and Figure 4).
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Multivariate regression analyses
Stepwise multiple regression analyses were also per-

formed to trace the contribution of genotypes and other

covariates (gender, body weight, Tac dose) to the in-

terindividual variability in Tac PK parameters. With the only Ta
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Figure 4: Whole blood Tac concentration measured by LC-
MS/MS (ng/mL) according to ABCB1 haplotype in the sub-
group of CYP3A5 nonexpressors (ABCB1 exons 12–21–26; CC-
GG-CC, n = 4; TT-TT-TT, n = 4 and CT-GT-CT, n = 2). The mean

values and SEM are indicated.

exception of models considering C1 as the dependent vari-

able, the CYP3A5 intron 3 polymorphism was the most

significant independent variable, followed by Tac dose

(Table 4). When considering AUC0−∞ as the dependent vari-

able, CYP3A5 intron 3 polymorphism was associated with

a positive slope, because CYP3A5 expressors (presence of

at least one functional allele, ∗1/∗1 and ∗1/∗3) were coded

as ‘0’ and CYP3A5 nonexpressors (∗3/∗3) were coded as

‘1’. The resulting models explained 73% of the total vari-

ance for AUC0−∞ and up to 80% for C24 calculated with

LC-MS/MS. Similar results were observed for MEIA (data

not shown).

Discussion

The selection of the volunteers has been performed among

a list of 221 patients to meet some important crite-

ria among them, a good balance between CYP3A5 and

ABCB1 genotypes. Homozygous carriers CYP3A5∗1/ ∗1
are rare in the Caucasian population and those included in

this study were all from African origin (all CYP3A5∗1/ ∗1 in-

dividuals detected in the initial genotype screening were in-

Table 4: Determinants of tacrolimus pharmacokinetic parameters (LC-MS/MS)

Dependent variables Independent variables Partial r2 Slope p Value1

AUC0−∞ CYP3A5 intron 3 0.56 positive <0.001

Tac dose 0.17 positive 0.007
Model r2: 0.73

C12 CYP3A5 intron 3 0.53 positive <0.001

Tac dose 0.14 positive 0.019
Model r2: 0.67

C24 CYP3A5 intron 3 0.73 positive <0.001

Tac dose 0.07 positive 0.029
Model r2: 0.80

Tested independent variables were CYP3A5 intron 3,2 the 3 ABCB1 genotypes, gender, body weight

and Tac dose.
1Partial r2 p value.
2Presence of at least one functional allele (∗1/∗1 and ∗1/∗3 coded as ‘0’ and ∗3/∗3 coded as ‘1’).

cluded in the final study). After selection of volunteers, pri-

marily based on genotype criteria, nongenetic parameters

were compared among the groups. Body weight and Tac

dose to be administered did not differ among CYP3A5 and

ABCB1 genotype groups. The only difference observed

was related to the age of the volunteers which was sig-

nificantly higher in CYP3A5 expressors compared to non-

expressors. To the best of our knowledge, and according

to a very recent review on this topic (16), among all popula-

tion pharmacokinetic studies that have investigated age as

a covariate, none has found a significant influence on Tac

bioavailability, volume of distribution or clearance. Based

on these data, we decided to include the 19 selected vol-

unteers in the experimental protocol.

The effect of CYP3A5 genotype on Tac pharmacokinetics

is significant early after the first administration of the drug.

Indeed, in our study, volunteers were recruited from a list

of adult renal transplant candidates and had never been

exposed to Tac before the study. This information is of pri-

mary importance as the first days after transplantation are

generally characterized by the highest risk of acute organ

rejection. Our data confirm that pharmacogenetic analysis

before transplantation may assist in guiding individual Tac

dosing (13). In this respect, the PK parameter giving the

most realistic idea of the global exposure to Tac is the to-

tal AUC0−∞. For this parameter, we did not observe any

difference between CYP3A5∗1/ ∗1 and CYP3A5∗1/ ∗3 vol-

unteers confirming previous observations that the pres-

ence of at least one functional CYP3A5 allele is sufficient

for optimal CYP3A5 activity (17,18). However, the median

AUC0−∞ was 2.6- and 2.1-fold higher in nonexpressors with

the LC-MS/MS and MEIA methods, respectively. Based

on these data, a minimal 2-fold higher Tac loading dose

could theoretically be administered to CYP3A5 expressors.

This information provides a strong argument for transplant

centers that already have adopted the strategy to give a

2-fold higher Tac dose in CYP3A5 expressors (MacPhee

IA, personal communication in (10)). Furthermore, the high

values observed for r2 in the multivariate models make

unlikely that other genetic parameters contribute very
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significantly to the interindividual variability in Tac AUC0−∞
or C12 and C24. Considering AUC0−∞ and C24, the ratio

calculated using MEIA and LC-MS/MS is significantly

higher in CYP3A5 expressors and the effect is more pro-

nounced for C24 than for total AUC0−∞. The higher value

observed for CYP3A5 expressors probably reflects a higher

concentration of metabolites (MII or MIII) showing a cross-

reactivity with the Tac antibody. In this context, trough level

such as C24 appears logically more affected by the produc-

tion of metabolites than total AUC0−∞ integrating concen-

trations over 24 h provided the half-life of the metabolites is

not significantly shorter than the parent compound. A direct

quantification of Tac metabolites would definitely confirm

this observation. In the nonexpressors group, the value

observed for total AUC0−∞ ratio suggests a mean overes-

timation of 16.5% using MEIA, a value in agreement with

several data in the literature (19,20) and that could reflect

an additional metabolite production resulting from the ac-

tivity of other CYP isoforms, among which CYP3A4 (21).

Besides the need for doubling the loading dose in CYP3A5

expressors, based on AUC0−∞ values (Figure 2), the anal-

ysis of the raw data (not shown) corresponding to trough

values (C24) shows that seven or five out of the ten CYP3A5

nonexpressors presented Tac blood concentrations higher

than 15 ng/mL using MEIA or LC-MS/MS methods, respec-

tively. As this value is generally considered as the highest

concentration of the therapeutic range for Tac, we also pro-

pose to reduce the loading dose in CYP3A5 nonexpressors.

Therefore a loading dose of 0.075 mg/kg body weight twice

a day should be given to these patients while a double dose

of 0.150 mg/kg body weight twice a day should be adminis-

tered to CYP3A5 expressors. It should be noted, however,

that after several days of treatment, the known inductive

effect of steroids comedication would most probably be

minimized by the simultaneous occurrence of the steady

state for Tac.

Our data also confirm that ABCB1 genotype/haplotype con-

tributes little, if at all, to the interindividual variability in

Tac pharmacokinetics early after the first doses of the im-

munosuppressant (10,22). The study was designed to ex-

plore an independent effect of ABCB1 genotype/haplotype

in CYP3A5 nonexpressors. Even after ‘standardization’ for

CYP3A5 activity, we were unable to observe any effect of

ABCB1 genotype/haplotype on Tac PK parameters, partic-

ularly on C1 and total AUC0−∞ that should be affected by

any variation in the activity of intestinal P-gp (23).

In conclusion, our study confirms the very significant effect

of CYP3A5 polymorphism early after the first administra-

tion of Tac. It also provides a strong argument for doubling

the loading dose in patients early identified a priori on the

transplantation list as possessing at least one functional

CYP3A5 allele (CYP3A5∗1/ ∗1, ∗1/ ∗3, ∗1/ ∗6). For these pa-

tients a loading dose of 0.150 mg/kg body weight twice a

day is proposed, while a moderate reduction of the loading

dose (i.e. 0.075 mg/kg body weight twice a day) should al-

low CYP3A5 nonexpressors to reach more rapidly efficient

and nontoxic trough concentrations. However, as corticos-

teroids administration is expected to independently affect

Tac clearance in vivo, it remains important to assess in lon-

gitudinal studies the beneficial effect of the loading dose

adjustment, in association with TDM, on transplantation

outcomes.
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