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Do Sex and Ethnicity Influence
Drug Pharmacokinetics in Solid
Organ Transplantation?

A. Scott Mathis, Gary S. Friedman, and Gregory T. Knipp

A number of reports have identified differences in drug pharmacokinetics and pharma-
codynamics between males and females, and between patients of different ethnicity.
These differences are observed in both solid organ transplant recipients and in non-
transplant patients. This review summarizes the pharmacokinetic differences thought to
be dependent on sex and ethnicity noted with immunosuppressive agents commonly
used in transplantation. This manuscript also touches on how these differences may
translate into observed drug interactions. Furthermore, potential factors underlying the
sex and ethnicity differences are evaluated. Current evidence points to differences in
drug-metabolizing enzymes, transporters, cytokines, and environmental influences to
account for the observed heterogeneity in drug response. Many of these factors seem
to be under genetic control, and thus areas for further research are suggested.

Introduction

It has long been recognized that the prevalence of
certain diseases may be largely related to ethnic
group (i.e., sickle cell anemia in Africans) or patient
sex (i.e., systemic lupus erythematosus in females).
More recently, several high-profile research articles
have reported the importance of sex and ethnicity
in the evaluation of drug therapy in nontransplant
patients. These observations are particularly inter-
esting when one considers the role of this variabili-
ty in solid organ transplantation and related drug
therapies. It is well established that immunosup-
pressive agents, particularly cyclosporine, tacrolimus,
and sirolimus, result in a great deal of interindivid-
ual pharmacokinetic variability, which may lead to
observed pharmacodynamic variability. In fact, a
number of reports claim sex- and ethnicity-based
differences for immunosuppressive drugs common-
ly taken by solid organ transplant recipients.”” This
review will analyze the data surrounding the influ-
ence of sex and ethnicity on drug pharmacokinetics
in solid organ transplantation, evaluate factors in-
fluencing these differences, and suggest areas for
further study.
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Influence of Ethnicity on
Immunosuppressive Pharmacokinetics

Research in the area of pharmacogenetics has led
to an increased amount of attention on elucidating
the influence of “race” and “ethnic background” in
clinical medicine, which has been referred to as
“racial profiling.”" Although we are all certainly
part of the “human race,” differences in our ethnic
heritage have historically provided important infor-
mation to the practicing clinician for how drug
therapy should be chosen or evaluated in the indi-
vidual patient.'*"” For the purpose of clarification,
ethnicity is defined as a shared origin, culture, lan-
guage, religion, and sense of identity of a group
over generations (both genetic and environmental
factors), and is the preferred term."”

Table 1 summarizes important pharmacokinetic
differences of ethnic group based on studies involv-
ing transplant patients and/or immunosuppressive
P77 I g study reported by Neylan,’
African American renal transplant patients ap-

medications.
peared to require higher doses of tacrolimus than
Caucasian patients to achieve similar blood trough

concentrations. In a separate tacrolimus pharmaco-
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Key Points

o Interindividual pharmacokinetic differ-
ences are common with many immuno-
suppressive agents.

e Evidence supports differences in drug
pharmacokinetics based on sex and eth-
nicity.

o The underlying causes of pharmacokinet-
ic differences likely relate to drug metab-
olizing enzymes, drug transporters, and
environmental factors.

o Future research in this area will help to
elucidate the reasons for these differences.

kinetic study,” the maximum concentration (C_)
was lower in African Americans than in both Latin
and Caucasian Americans. Likewise, the absolute
bioavailability and area-under-the-curve (AUC)
values were found to be lowest in patients of
African American descent and greatest in Cau-
casian Americans. Despite these differences, the
metabolite formation was reduced in the African
American participants when compared with the
other 2 ethnic groups, suggesting that increased
metabolism was not primarily responsible for the
observed pharmacokinetic differences. Conversely,
the cyclosporine doses necessary to achieve similar
blood trough concentrations were similar for both
groups in the Neylan study.’

In other studies, important differences in cy-
closporine doses were observed between African
American and Caucasian American transplant re-
cipients, and these were largely attributed to re-
duced bioavailability in African and Caucasian
Americans.””” In contrast, cyclosporine pharmaco-
kinetics did not differ between healthy male
African Americans and Caucasian Americans in an-
other study," possibly suggesting environmental ef-
fects particular to transplant recipients.” Pharmaco-
kinetic variables were similar in African and
Caucasian American renal transplant recipients tak-
ing mycophenolate mofetil.” However, in that

study,” mycophenolic acid C__ was statistically

max

lower in African Americans compared with Cau-
casian Americans at one time point, and mycophe-
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nolic acid glucuronide was higher in African Amer-
icans for at least the first 7 days after transplant.

In one study, African Americans and Caucasians
matched for age, weight, and time since renal
transplantation received intravenous methylpred-
nisolone.” African Americans demonstrated a lower
total (bound and unbound) methylprednisolone
clearance and volume of distribution, and corre-
sponding increased toxicity.” In contrast, the free
(unbound) methylprednisolone oral clearance and
apparent volume of distribution in healthy Cau-
casian and African Americans did not differ in an-
other study, although Caucasian Americans did ap-
pear to be less susceptible to the suppressive
pharmacodynamic effects of prednisolone.4

The pharmacokinetics of sirolimus appear to be
similar between African Americans and other eth-
nic groups when adjusted for dose, although it is
generally accepted that higher doses are required in
African Americans to prevent acute cellular rejec-
tion."” Similarly, African Americans require a high-
er dose of everolimus based on a 20% higher clear-
ance compared with other ethnic populations.”

Interestingly, African American renal transplant
recipients were recently found to be at a lower risk
of death due to infection and higher risk of acute
rejection relative to Caucasians in a large database
analysis, suggesting an inadequate level of im-
munosuppression given to blacks.” Based on these
differences, African Americans are thought to re-
quire higher doses of cyclosporine,1'6'9 tacrolimus,””"
and sirolimus.' It has also been reported that African
Americans are less likely to have a satisfactory re-
sponse to corticosteroid treatment of rejection in
renal transplantation compared with Caucasians.”

Influence of Sex on Inmunosuppressive
Pharmacokinetics

Gender is often used to describe differences be-
tween males and females; however, sex is the more
appropriate term. Whereas gender reflects a differ-
ence in societal perspective, culture, or history, sex
reflects a biological difference between males and
females.”

Table 2 summarizes important pharmacokinetic
parameters studied based on the influence of sex
from research involving transplant patients and/or

1,2,4,7-9,14

immunosuppressive medications. Intra-
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Table 1 PHARMACOKINETIC DIFFERENCES ASSOCIATED WITH ETHNICITY

Methylprednisolone IV* Renal Transplant Total CI AA<C
Total Vd AA<C
Tacrolimus oral® Renal Transplant Trough AM=C
Dose AA>C

Tacrolimus V" Healthy C,.. AUC, BA M=C=LA

‘max

Cyclosporine oral’ Renal transplant Trough

Dose AA

Cyclosporine oral & IV° Pre-renal transplant BA A <C

Cl A =C
Cyclosporine* ~ Post-renal transplant ~ Dose,C,Cl ~ AA=C
Cyclosporine oral’ Post-renal transplant Dose AA>C

BA A <C

Cl AASC
Cyclosporine oral standard™ Healthy C,... AUC, Cl A =C
Cyclosporine oral microemulsion” ~ Heaty ~ C_,AuC,Cl  AA=C
Sirolimus oral® Renal Transplant Dose A=C

C,... AUC, Trough, oral CI A=C

Everolimus oral® Renal Transplant Cl AA>C

AA = African American, AUC = Area-under-the-curve, BA = bioavailability, C = Caucasian, Cl = clearance, C_, = maximal concentra-

1+ Y max

tion, C,, = concentration at steady state, ff = free fraction, IV = intravenous, LA = Latin American, MPA = mycophenolic acid, MPAG =

» Vs

mycophenolic acid glucuronide, NB = non-black, NS = not significant, T %2 = elimination half-life, Vd = volume of distribution.

venous methylprednisolone total clearance was tered prednisolone free oral clearance and apparent
more rapid in healthy females, compared with volume of distribution were higher in healthy men
healthy males, in one study; however, the biologic =~ compared with women, but the pharmacodynamic
effect of methylprednisolone was more pronounced  effects were similar. Taken together, these studies
in the women.” In another study,’ orally adminis-  suggest differences between agents, an environmen-
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Table 2 PHARMACOKINETIC DIFFERENCES ASSOCIATED WITH SEX

DRuG AND D0SAGE FoRM

Methylprednisolong IV
Prednisolone oral*

Sirolimus Solution®
Tacrolimus 1V’

Tacrolimus oral’

Cyclosporine oral & IV'

Cyclosporine oral & IV*

Mycophenolate oral™

PoPuLATION PARAMETER FiNDINGS
Healthy Total Cl F>M
Total T F<M

Healthy Free oral Cl F<M
Free oral Vd F<M

Microsomes Metabolite formation F>M
Pre-renal transplant AUC, Vd, T, CI F=M
Post-renal transplant AUG, Vd, T %, Cl F=M
Healthy AUGC, Vd, T %, Cl F=M
Pre-renal transplant G, AUC F=M
Post-renal transplant C,.o AUC F=M
Trough F=M

Healthy C,.. AUC F=M
Liver transplant G, AUC F=M
Trough F=M

BA, C,,, Vd, Cl F=M

VT F>M

BA FeM

Coae FazM

Cl F£M

AuC F=M

Renal Transplant MPAG formation M>F

AUC = area-under-the-curve, BA = bioavailability, C,, = maximum concentration, Cl = clearance, F = female, IV = intravenous, M =
male, MPAG = mycophenolic acid glucuronide, T 2 = elimination half-life, Vd = volume of distribution.
a. There was a gender-dependent interaction between race and sex in these parameters.

ETHNICITY

A shared origin, culture, language, religion,
and sense of identity of a group over gener-

ations.

sagepub.com
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tal difference in transplant recipients, or an in-
creased oral bioavailability of the steroid in women
(which would affect the determination of oral clear-
ance and apparent volume of distribution)."
Cyclosporine exhibited a gender-dependent racial
difference in another study, which compared phar-
macokinetics in African Americans and Caucasian
Americans.” In that study, the bioavailability was
lower, and the clearance was higher in African
Americans compared with Caucasian Americans,
and both comparisons were affected by patient sex.
African American females had the lowest C_, the
lowest bioavailability, and the highest clearance
compared with African American males, and Cau-
casian American males and females. In contrast,
uremic women given intravenous cyclosporine had
a prolonged half-life compared with men, also sug-
gesting differences between men and women re-
garding bioavailability. Interestingly, the metabo-
lism of sirolimus was much more rapid in female
than male hepatic microsomal preparations.” In
contrast, the formation of mycophenolic acid glu-
curonide may be higher in males than females."”

i HoLMtA&Hrgnlh?p:’/gﬂ%agegugcony aPLl)EKgE gn Egcember 9, 2007

A Logical Extension: The Influence of Sex
and Ethnic Group on Drug Interactions

Drug interactions are a frequent adversary in clin-
ical transplantation (for a detailed review, see Ref.
22), and it is not surprising that changes in im-
munosuppressive pharmacokinetics brought about
by proposed ethnic- or sex-related differences
would translate into differences in drug interac-
tions. In a recent abstract, Tuteja et al.” reported
that females had higher tacrolimus clearance than
males at baseline, but the addition of ketoconazole
resulted in a more substantial decrease in clearance
and a more substantial increase in bioavailability in
women compared with men. Evaluating trough
concentrations, our own group’ retrospectively ob-
served that the presence of a drug interaction be-
tween fluconazole and cyclosporine or tacrolimus
was dependent on sex and ethnicity, rather than
fluconazole dose or route of administration. In
short, African Americans and women were less like-
ly to have increased calcineurin inhibitor trough
concentrations than Caucasians and men. Of addi-
tional interest, the interaction appeared to be
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greater with tacrolimus than cyclosporine, both
during coadministration with fluconazole and after
the discontinuation.

It appears that an effect of ethnicity may also
translate into drug-food interactions, as grapefruit
juice was recently reported to increase cyclosporine
C,.. and AUC to a greater extent in African Amer-
icans than Caucasian Americans, causing the ini-
tially lower absolute bioavailability in African
Americans to become similar to Caucasian Ameri-
cans (P = NS) during coadministration.”

Factors Potentially Contributing
to Sex and Ethnic Differences

Sex and ethnicity appear to be factors that influ-
ence pharmacokinetics, and by extension, the phar-
macodynamics of many immunosuppressant drugs;
however, thought must be given to underlying fac-
tors known to influence drug pharmacokinetics. In
general, pharmacokinetics is characterized by absorp-
tion, distribution, metabolism, and elimination, and
there are a number of factors known to influence
these parameters. Sex differences in drug pharma-
cokinetics and pharmacodynamics (for a detailed
review, see Ref. 26) are well established. Likewise, dif-
ferences in pharmacokinetics based on ethnicity are
well established (for a detailed review, see refs. 27-28).

The field of pharmacogenetics relates these differ-
ences to an individual’s genetic makeup and specif-
ically studies the effects of gene alterations on drug
metabolizing enzymes, drug transporters, drug re-
ceptors, and/or targets to promote rational thera-
peutics.” The investigation of pharmacogenetic
variability between subpopulations is known as
pharmacogenomics. Together, the rapid progress
being made in the elucidation of reasons for differ-
ences in patient response to drug therapy has led to
an increased amount of information available to cli-
nicians. The remainder of this section will focus on
factors underlying pharmacokinetic variability as
they probably relate to importance in the pharma-
cotherapy of transplant recipients.

Drug Metabolizing Enzymes

It is well established that many therapeutic agents,
including several commonly utilized transplant
medications, are metabolized by the cytochrome
(CYP) P450-3A system. Specifically, cyclosporine,

Downloaded from hité//ﬁﬂ.l!asep&@orj H J&é% gn%&lén&er g g}& 2

tacrolimus, sirolimus, steroids, and everolimus are
all metabolized by the CYP3A system in both the
15,22,30-32 S()me early
studies” proposed that the activity of human liver
microsomal mono-oxygenases do not depend on
age or sex, although it has been suggested that
women clear CYP3A substrates more rapidly than
do men.”" More recently, CYP3A4 promoter and
allelic variants have been noted to exist, and the

liver and gastrointestinal tract.

functional significance of the promoter variants was
reported to be relatively little to nonexistent,
whereas the allelic variants may have altered activi-
ty.”*” One of those studies™ evaluated differences in
CYP3A4 expression based on the presence of a
variant CYP3A4*1B (5" promoter region polymor-
phism) found in African Americans, as compared
to Caucasian Americans of European descent, and
demonstrated that no significant difference in
CYP3A4 activity existed between groups. Another
study established that CYP3A5 was more frequent-
ly expressed in the livers of African Americans
(60%), based on a higher presence of the
CYP3A5*1 allele compared with Caucasian Ameri-
cans (33%), who frequently had alternative splicing
and less CYP3AS expression.” These investigators
suggested that the observed differences in CYP3A-
dependent interracial variability in drug clearance
may be due to the presence or absence of CYP3A5
and its genetic polymorphic/alternate splice variants.

It is well documented that variability does exist in
the pharmacokinetics of transplant medications,
and a recent abstract documented a higher fre-
quency of the promoter variant, CYP3A4*1B, in
liver transplant patients requiring low doses of
tacrolimus (25%) when compared with patients re-
quiring high doses (0%).” Conversely, the same
mutant did not predict the dosing strata in renal
transplant patients receiving the cyclosporine mi-
croemulsion formulation in another study.” Vari-
ability in cyclosporine clearance by the liver has
been linked to heterogeneity in CYP3A4 activity in
liver transplant recipients, although it only ac-
counts for 40% of the variability in cyclosporine
oral clearance.”

Membrane Transporters
The multidrug resistance protein (MDR) gene
product, P-glycoprotein, is known to limit the
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© 2002 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://gft.sagepub.com

PHARMACODYNAMICS

The study of the actions/effects of a drug in
the body.

BIOAVAILABILITY

The fraction of a dose absorbed into the sys-
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bioavailability of cyclosporine, tacrolimus, and
sirolimus.” A study by Lown et al.” evaluated the
influence of P-glycoprotein on the interpatient
variation of oral cyclosporine clearance in renal
transplant patients. No significant correlation was
found between enterocyte concentration of P-gly-
coprotein and the expression of intestinal or liver
CYP3A4, or between enterocyte P-glycoprotein
and age or sex, although P-glycoprotein concentra-
tions appeared to be higher in females. Ery-
thromycin breath test, a probe for CYP3A activity,
correlated highly with apparent oral cyclosporine
clearance, accounting for 56% of the interpatient
variation. With P-glycoprotein, no direct correla-
tion was evident with any specific cyclosporine
pharmacokinetic parameters, but in stepwise multi-
ple regression analysis, a highly significant correla-
tion between enterocyte P-glycoprotein content and
oral cyclosporine pharmacokinetic variations was ev-
ident. In the final model, inclusion of erythromy-
cin breath test values and P-glycoprotein content
accounted for 73% of the interindividual variation
in oral clearance. Other studies have also docu-
mented that many substrates are shared between
CYP3A and P-glycoprotein, but the expression of
the two do not appear to be directly interrelated.”

A separate study” has also documented that jejunal
MDRI mRNA expression, but not CYP3A4 expres-
sion, were inversely related to the tacrolimus con-
centration/dose ratio in liver transplant recipients.
Additionally, high levels of MDRI1 were associated
with reductions in survival in this living donor liv-
er population.” As previously outlined, reduced bio-
availability of cyclosporine was observed in African
Americans in several studies."””” Consideration of
these findings, along with the fact that the ethnicity-
related differences in tacrolimus pharmacokinetics
in one study" did not appear to be related to me-
tabolism, suggests differences may be present in the
expression of drug transporters in these patients.
Since the MDR1 gene product, P-glycoprotein, ap-
pears to be highly important in the pharmacoki-
netics of many immunosuppressives, it is necessary
to account for the factors underlying this observed
ethnicity-linked pharmacokinetic variability.

These pharmacokinetic, and possibly pharmaco-
dynamic, observations found with immunosup-
pressive behavior may be more readily understood
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when one considers the role of differences in drug
transporter expression. Recently, Artursson’s labora-
tory has elucidated the mRNA expression of sever-
al multidrug-resistance conferring proteins (MDR-
CPs) in the human jejunum and in Caco-2 cells.”
In addition, our laboratory has recently established
that differences in the expression of several MDR-
CPs occur in the small and large intestines of a Chi-
nese patient when contrasted with expression in a
Caucasian American.” The significance of the pres-
ence of multiple MDRCPs in the human intestinal
tract will only be understood as the functional sig-
nificance of these transporters is carefully elucidat-
ed. In addition, further elucidation of these phar-
macogenomic differences in the expression and
function of these MDRCDPs is required to properly
understand and interpret the observed pharmacoki-
netic differences in other ethnic populations.

Insight into differences in transporter expression
in subpopulations has been reported recently. A
number of variant alleles in the MDR1 gene have
been identified.”* At least one of these, the
C3435T polymorphism, has been related to ex-
pressional and functional significance.” A recent
study by Schaeffeler et al. documented that the
genotype distribution of this polymorphism known
to affectc MDR/P-glycoprotein expression differed
between Africans, African Americans, and non-
African populations. The highest frequency of the
high-expression allelic pattern (homozygous for C
allele) was seen in Africans (83%), followed by
African Americans (61%), Japanese (34%), and Cau-
casians (25%). However, a recent study’/*8 was unable
to demonstrate a difference in cyclosporine phar-
macokinetics in a small group of healthy volunteers
(n = 14) genotyped for the C3435T polymorphism.

As mentioned, a number of other transporters
(MRP1, MRP2/cMOAT) in the same family as
MDRI, the ATP-binding cassette (ABC) trans-
porter family, are known to exist.”" Furthermore,
they are less well characterized with respect to
transplant medication transport compared with P-
glycoprotein, but they may contribute importantly
to immunosuppressive pharmacokinetics.”

Environmental and Geographical Influences
Studies have demonstrated that the absorption
profile of agents changes after transplantation."
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The gut metabolism and/or transport is known to
be high for tacrolimus and cyclosporine, and subse-
quently limits their bioavailability.””*" Likewise,
the bioavailability of mycophenolate mofetil and its
active metabolite, mycophenolic acid, may be lim-
ited by P-glycoprotein.” It appears that receiving a
transplant can induce P-glycoprotein expression
and affect drug pharmacokinetics, and this appears
to partially relate to the medications the patient re-
ceives after the transplant.”"”

It is also known that the cytochrome system is
highly inducible based on exposure to compounds
such as drugs, pollutants, and food, that results in
an effect observed on the therapeutic agent’s bioavail-
ability.” Compounds in food, such as grapefruit
juice, may also affect immunosuppressive drug
pharmacokinetics, as well as CYP3A4 content in en-
terocytes.”” It appears that the primary mechanism
for grapefruit juice—induced increased cyclosporine
exposure is inhibition of P-glycoprotein.” Likewise,
differences in drug interactions with antifungal
agents may be related to their differing effects on
CYP3A or P-glycoprotein.”™ It should also be not-
ed that other food products, including pineapple
and onion, have been found to influence the phar-
macokinetics of cyclosporine in animals.”

In addition, the study by Schaeffeler et al. sug-
gested that difference in P-glycoprotein expression
in groups of different ethnicity could be related
back to geographical origin and environmental ex-
posures to infectious organisms, thus evolution
may also play a role in determining pharmacoki-
netic variability.

Cytokines

In recent years, cytokine gene polymorphisms
have been attributed to outcomes in transplant re-
cipients.” Additionally, these differences have been
attributed to ethnicity.” Interestingly, these cy-
tokines, particularly interleukin-6, also affect the
function of CYP3A.”"” Therefore, it is interesting
to speculate that a complex interrelationship exists
between drug pharmacokinetics, cytokine expres-
sion, and transplant outcomes.

Menstrual Cycle
Menstrual cycle—related changes in various diseases
are known to exist.” Similarly, certain changes in

Downloaded from hité//ﬁﬂ.l!asep&@orj H J&é% gn%&lén&er g g}& 2

drug response have been linked to the menstrual
cycle. Menstrual cycle phase did not affect CYP3A
phenotype with intravenous midazolam in one
study,” but pharmacokinetic variability may exist.”
In fact, the elimination of methylprednisolone was
more variable during the luteal phase (all patients
studied were in the luteal phase) in premenopausal
women than it was in men in one study.’

Future Directions

Pharmacokinetic differences in transplant recipi-
ents do appear to be related to sex and ethnicity,
but a number of underlying influences appear to
cause this variability. Therefore, efforts should be
aimed at accounting for interindividual variability
in pharmacokinetic analyses rather than looking at
sex and ethnicity as the source of differences. Char-
acterization of both CYP isoforms and transporter
expression/function differences appears to account
for much of the variability with cyclosporine,” but
other factors may be operative.’ These factors like-
ly include exposure to other medications or cy-
tokine variants that may cause induction of meta-
bolic enzymes, transporters, and drug targets. The
investigation of the relative importance of each of
these factors composes a significant area that re-
quires considerable further study.

It appears that most of the baseline interindivid-
ual phenotypic variability can be linked to genetic
variants of enzymes and proteins. With the com-
pletion of the Human Genome Project, these differ-
ences can be mapped to discover isoform-specific
gene polymorphisms during drug development and
clinical trials and can be rapidly incorporated into
clinical practice with microarray (gene-chip) tech-
nology.” As these significant advances in polymor-
phism detection and in microarray technology find
their way into clinical practice, one can envision a
day when a “transplant chip” may be generated for
assisting the clinician in selecting the optimal drug
regimen and doses of individual agents based on
characterization of important genes for metabolic
enzymes, transporters, drug targets, and cytokines.

REFERENCES

1. Lindholm A, Welsh M, Alton C, Kahan BD. Demographic factors influenc-
ing cyclosporine pharmacokinetic parameters in patients with uremia: racial
differences in bioavailability. Clin Pharmacol Ther 1992;52:359-71.

graft sagepub.com

© 2002 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://gft.sagepub.com

sagepub.com

20.

21.

22.

23.

graft

. Lew KH, Ludwig EA, Milad MA, Donovan K, Middleton E, Ferry JJ, et al.

Gender-based effects on methylprednisolone pharmacokinetics and phar-
macodynamics. Clin Pharmacol Ther 1993;54:402-14.

. Tornatore KM, Biocevich DM, Reed K, Tousley K, Singh JP, Venuto H.

Methylprednisolone pharmacokinetics, cortisol response, and adrenal ef-
fects in black and white renal transplant recipients. Transplantation
1995;59:729-36.

. Magee MH, Blum RA, Lates CD, Jusko WJ. Prednisolone pharmacokinet-

ics and pharmacodynamics in relation to sex and race. J Clin Pharmacol
2001;41:1180-94.

. Neylan JF, for the FK506 Kidney Transplant Study Group. Racial differences

in renal transplantation after immunosuppression with tacrolimus versus
cyclosporine. Transplantation 1998;65:515-23.

. Lindholm A, Welsh M, Rutzky L, Kahan BD. The adverse impact of high cy-

closporine. Clearance rates on the incidences of acute rejection and graft
loss. Transplantation 1993;55:985-93.

. Fitzsimmons WE, Bekersky I, Dressler D, Raye K, Hodosh E, Mekki Q. De-

mographic considerations in tacrolimus pharmacokinetics. Transplant Proc
1998;30:1359-64.

. Lampen A, Zhang Y, Hackbarth |, Benet LZ, Sewing KF, Christians U. Me-

tabolism and transport of the macrolide immunosuppressant sirolimus in
the small intestines. J Pharmacol Exp Ther 1998;285:1104-12.

. Min DI, Lee M, Ku Y-M, Flanigan M. Gender-dependent racial difference in

disposition of cyclosporine among healthy African-American and white vol-
unteers. Clin Pharmacol Ther 2000;68:478-86.

. Mancinelli LM, Frassetto L, Floren LG, Dressler D, Carrier S, Bekersky |, et

al. The pharmacokinetics and metabolic disposition of tacrolimus: a com-
parison across ethnic groups. Glin Pharmacol Ther 2001;69:24-31.

. Stein CM, Sadeque AJ, Murray JJ, Wandel C, Kim RB, Wood AJJ. Cy-

closporine pharmacokinetics and pharmacodynamics in African-Americans
and white subjects. Clin Pharmacol Ther 2001;69:317-23.

. Podder H, Podblielski J, Hussein |, Katz SM, van Buren CT, Kahan BD. Im-

pact of sirolimus on renal transplant outcomes in African-Americans.
Transplant Proc 2001;33:1226.

. Shaw LM, Korecka M, Aradhye S, Grossman R, Bayer L, Innes C, et al. My-

cophenolic acid area under the curve values in African-American and Cau-
casian renal transplant patients are comparable. J Clin Pharmacol
2000;40:624-33.

. Morissette P, Albert C, Busque S, St-Louis G, Vinet B. In vivo higher glu-

curonidation of mycophenolic acid in male than female recipients of a ca-
daveric kidney allograft and under immunosuppressive therapy with my-
cophenolate mofetil. Ther Drug Monit 2001;23:520-5.

. Kovarik JM, Hsu CH, McMahon L, Berthier S, Rordorf C. Population phar-

macokinetics of everolimus in de novo renal transplant patients: impact of
ethnicity and comedications. Clin Pharmacol Ther 2001;70:247-54.

. Schwartz RS. Racial profiling in medical research [letter]. N Engl J Med

2001;344:1392-3.

. Wood AJJ. Racial differences in the response to drugs—pointers to genet-

ic differences. N Engl J Med 2001;344:1393-6.

. Senior PA, Bhopal R. Ethnicity as a variable in epidemiologic research. BMJ

1994;309:327-30.

. Meier-Kriesche H-U, Ojo A, Magee JC, Cibrik DM, Hanson JA, Leichtman

AB, etal. African-American renal transplant recipients experience decreased
risk of death due to infection: possible implications for immunosuppressive
strategies. Transplantation 2000;70:375-9.

Vasquez EM, Benedetti E, Pollak R. Ethnic differences in clinical response
to corticosteroid treatment of acute renal allograft rejection. Transplantation
2001;71:229-33.

Kim JS, Nafziger AN. Is it sex or is it gender? Clin Pharmacol Ther
2000;68:1-3.

Anaizi N. Drug interactions involving immunosuppressive agents. Graft
2001;4:232-47.

Tuteja S, Alloway RR, Meier-Kriesche H-U, Streetman DS, Johnson JA,
Gaber AQ. The effect of gender on ketoconazole induced changes in
tacrolimus pharmacokinetics [Abstract]. Transplantation 2000;69(Suppl):S163.

i HoLMvA&Mrgml‘htﬁ):’lgﬂgagegugcory aPLl)EKgE gn D§cember 9, 2007

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

4.

43.

44,

. Mathis AS, DiRenzo T, Friedman GS, Kaplan B, Adamson R. Sex and eth-

nicity may chiefly influence the interaction of fluconazole with calcineurin
inhibitors. Transplantation 2001;71:1069-75.

Lee M, Min DI, Ku Y-M, Flanigan M. Effect of grapefruit juice on pharma-
cokinetics of microemulsion cyclosporine in African-American subjects
compared with Caucasian subjects: does ethnic difference matter? J Clin
Pharmacol 2001;41:317-23.

Harris RZ, Benet LZ, Schwartz JB. Gender effects in pharmacokinetics and
pharmacodynamics. Drugs 1995;50:222-39.

Johnson JA. Predictability of the effects of race or ethnicity on pharmaco-
kinetics of drugs. Int J Clin Pharmacol Ther 2000;38:53-60.

Xie H-G, Kim RB, Wood AJJ, Stein CM. Molecular basis of ethnic differ-
ences in drug disposition and response. Annu Rev Pharmacol Toxicol
2001;41:815-50.

Evans WE, Relling MV. Pharmacogenomics: translating functional ge-
nomics into rational therapeutics. Science 1999;286:487-91.

Kolars JC, Awni WM, Merion RM, Watkins PB. First-pass metabolism of
cyclosporine by the gut. Lancet 1991;338:1488-90.

Watkins PB. Drug metabolism by cytochromes P450 in the liver and small
bowel. Gastroenterol Clin North Am 1992;21:511-26.

Wu C-Y, Benet LZ, Hebert MF, Gupta SK, Rowland M, Gomez DY, et al. Dif-
ferentiation of absorption and first-pass gut and hepatic metabolism in hu-
mans: studies with cyclosporine. Clin Pharmacol Ther 1995;58:492-7.
Schumacker DL, Woodhouse KW, Wang RK, Wynne H, James OF, Mc-
Manus M, et al. Effects of age and gender on in vitro properties of human
liver microsomal preparations. Clin Pharmacol Ther 1990;48:365-74.
Wandel C, Witte JS, Hall JM, Stein CM, Wood AJJ, Wilkinson GR. CYP3A
activity in African-American and European American men: population dif-
ferences and functional effect of the CYP3A4*1B 5-promoter region poly-
morphism. Clin Pharmacol Ther 2000;68:82-91.

Kuehl P, Zhang J, Lin Y, Lambra J, Assem M, Schuetz J, et al. Sequence di-
versity in CYP3A promoters and characterization of the genetic basis of
polymorphic CYP3AS5 expression. Nature Genet 2001;27:383-91.

Karlix JL, Myers H, Nguyen S, Johary C, Albekairy K, Greene V, et al.
CYP3A4*1B as a pharmacogenomic predictor of low tacrolimus require-
ments in liver transplant patients [Abstract]. Am J Transplant 2001;1(Sup-
pl 1):417.

Karlix JL, Walker JR, Myers HA, Johary CF, Faramie WJ, Reed Al, et al.
Pharmacogenomic effects of a polymorphism in the 5" promoter region of
CYP3A4 in stable kidney transplant recipients [Abstract]. Transplantation
2000;69 (Suppl):S220.

Villeneuve J-P, LEcuyer L, DeMaeght S, Bannon P. Prediction of cy-
closporine clearance in liver transplant recipients by the use of midazolam
as a cytochrome P450 3A probe. Clin Pharmacol Ther 2000;67:242-8.
Lown KS, Mayo RR, Leichtman AB, Hsiao H-L, Turgeon DK, Schmiedlin-
Ren P, et al. Role of intestinal P-glycoprotein (mdr1) in interpatient varia-
tion in the oral bioavailability of cyclosporine. Clin Pharmacol Ther
1997;62:248-60.

Kaplan B, Lown D, Craig R, Abecassis M, Kaufman D, Leventhal J, et al.
Low bioavailability of cyclosporine microemulsion and tacrolimus in a
small bowel transplant recipient. Possible relationship to intestinal P-gly-
coprotein activity. Transplantation 1999;67:333-8.

Kim RB, Wandel C, Leake B, Cvetkovic M, Fromm MF, Dempsey PJ, et al.
Interrelationship between substrates and inhibitors of human CYP3A and
P-glycoprotein. Pharm Res 1999;16:408-14.

Hashida T, Masuda S, Uemoto S, Saito H, Tanaka K, Inui K-I. Pharmacoki-
netic and prognostic significance of intestinal MDR1 expression in recipi-
ents of living-donor liver transplantation. Clin Pharmacol Ther
2001;69:308-16.

Taipalensuu J, Tornblom H, Lindberg G, et al. Correlation of gene expres-
sion on ten drug efflux proteins of the ATP-binding cassette transporter
family in normal human jejunum and in human intestinal epithelial Caco-2
cell monolayers. J Pharmacol Exp Ther 2001;299:164-70.

Wang Q, Herrera-Ruiz D, Hanna NH, Hanna IT, Buranachokpaisan T, Gud-
mundsson O, et al. The expression of nine multiple drug resistance confer-

issue 5 301

© 2002 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.


http://gft.sagepub.com

302

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

volume 5

ring proteins in the Chinese and Caucasian small and large intestines.
AAPS Pharm Sci 2001;3:2001.

Ito S, leiri |, Tanabe M, Suzuki A, Higuchi S, Otsubo K. Polymorphism of
the ABC transporter genes, MDR1, MRP1, and MRP2/cMOAT, in healthy
Japanese subjects. Pharmacogenetics 2001;11:175-84.

Schaeffeler E, Eichelbaum M, Brinkmann U, Penger A, Asante-Poku S,
Zanger UM, et al. Frequency of C3435T polymorphism of MDR1 gene in
African people. Lancet 2001;358:383-4.

Hoffmeyer S, Burk O, von Richter O, Arnold HP, Bbrockmoller J, Johne A,
et al. Functional polymorphisms of the human multidrug-resistance gene:
multiple sequence variations and correlation of one allele with P-glycopro-
tein expression and activity in vivo. Proc Natl Acad Sci U S A
2000;97:3473-8.

Min DI, Ellingrod VL, Herman C. The relationship of P-glycoprotein geno-
types and cyclosporine pharmacokinetic parameters among healthy indi-
viduals [Abstract]. Pharmacotherapy 2001;21:1295.

Sawamoto T, van Gelder T, Okamura N, Jacobsen W, Christians U, Benet LZ.
Membrane transport of mycophenolate mofetil and its active metabolite,
mycophenolic acid in MDCK and MDR1-MDCK cell monolayers [Abstract].
Am J Transplant 2001;1(Suppl):438.

Melk A, Daniel V, Weirner R, Madelbaum A, Wiesel M, Staehler G, et al. P-
glycoprotein expression in patients before and after kidney transplantation.
Transplant Proc 1999;31:299-300.

Muntane-Relat J, Qurlin J-C, Domergue J, Maurel P. Differential effects of
cytokines on the inducible expression of CYP1A1, CYP1A2, and CYP3A4
in human hepatocytes in primary culture. Hepatology 1995;22:1143-53.
Hollander AAMJ, van Rooij J, Lentjes EGWM, Arbouw F, van Bree JB,
Schoemaker RC, et al. The effect of grapefruit juice on cyclosporine and
prednisone metabolism in transplant patients. Clin Pharmacol Ther
1995;57:318-24.

Edwards DJ, Fitzsimmons ME, Schuetz EG, Yasuda K, Ducharme MP, War-
basse LH, et al. 6',7- Dihydroxybergamottin in grapefruit juice and Seville
orange juice: effects on cyclosporine disposition, enterocyte CYP3A4, and
P-glycoprotein. Clin Pharmacol Ther 1999;65:237-44.

Lin H-W, Tsai H-Y, Chao PDL. The influence of pineapple and onion on the
absorption of cyclosporine in animal study [Abstract]. Pharmacotherapy
2001;21:1289.

Poli F, Boschiero L, Giannoni F, Tonini M, Ancona G, Scanlamogna M, et
al. TNF-o, IFN-y, IL-6, IL-10, and TGF-B1 gene polymorphisms in renal al-
lografts. Transplant Proc 2001;33:348-9.

Cox ED, Hoffman SC, DiMercurio BS, Wesley RA, Harlan DM, Kirk AD, et
al. Cytokine polymorphic analyses indicate ethnic differences in the allelic
distribution of interleukin-2 and interleukin-6. Transplantation
2001;72:720-6.

Liao JS, Reiss WG. Drug-cytokine interactions: focus on cyclosporine.
Pharmacotherapy 1996;16:401-8.

Ensom MHH. Gender-based differences and menstrual cycle-related
changes in specific diseases: implications for pharmacotherapy. Pharma-
cotherapy 2000;20:523-39.

Kashuba ADM, Bertino JS, Rocci ML, Kulawy RW, Beck DJ, Nafziger AN.
Quantification of 3-month intraindividual variability and the influence of sex
and menstrual cycle phase on CYP3A activity as measured by phenotyping
with intravenous midazolam. Clin Pharmacol Ther 1998;64:269-77.
Rusnak JM, Kisabeth RM, Herbert DP, McNeil DM. Pharmacogenomics: a
clinician’s primer on emerging technologies for improved patient care.
Mayo Clin Proc 2001;76:299-309.

Downloaded from hité//ﬁﬂ.l!asepliﬁorj &! ch:é% gn%&le?n&er g g)& 2

© 2002 SAGE Publications. All rights reserved. Not for commercial use or unauthorized distribution.

graft

sagepub.com


http://gft.sagepub.com

