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Figure 1

Year

New drug applications (NDAs) approved in calendar years 1990-2004 by the US Food and Drug Administration

{FDA)} and the new molecular entities (NMEs} subjected to priority regulatory review while offering a significant improvement
compared with marketed products in the treatment, diagnosis, or prevention of a disease. Innovation in drug development, as
defined by the percentage of these breakthrough NMEs in relation to alt NDAs approved in each calendar year, remained low.
for more than a decade. This further underscores the importance of recognizing (1) pharmacology and pharmacogenomics
as experimental lines of scientific inquiry and {2) the attendant ethical obligation to prospectively pursue
pharmacogenomics-guided drug development models (instead of the traditional ‘wait-and-see’ approach) that can improve
innovation rates in drug development. Reproduced with permission from Ozdemir V.

CEQs left office in 2004, a 300% increase in CEQ
departures since 1995.%® Within the health care sector
in 2004, CEO dismissals rose to 16.2%.>° Nearly a
third of all CEO resignations in 2004 were related to
failure to meet demands for financial returns by
increasingly impatient shareholders. Notably, the
CEOQOs removed for inadequate performance had a
median tenure of 5.2 years in the United States; in
Europe, the situation was more difficult, with poorly
performing CEOs remaining only for a median of 2.5
years. According to Lucier and colleagues, corpora-
tions “have reached a tipping point, in which power in
the corporation is permanently shifting away from
chief executives.” In this climate of risk-averse and
demanding shareholders and CEOs increasingly
anxious about maximizing retwns on a quarter-by-
quarter basis, new pharmacogenomic technologies are
being implemented.®®*® Thus, it is difficult to
reconcile the short-lived (2.5-5.2 years) tenure of the
CEOs with new health technologies (eg, -omics
biomarker platforms) that require long-term invest-
ment before tangible financial returns can be observed.

What incentives, then, can be put in place for
corporate directors (as well as shareholders) to
voluntarily exhibit socially responsible commitments
to genomic technologies to achieve targeted therapeu-
tics that, while potentially reducing short-term reven-
ues,> may increase long-term retention of products
(ie, safe and effective drugs) in the market? In the case
of new genomic technologics, important social
structural aspects, >3840 quch a5 those discussed
above (eg, increased exccutive turnover and share-
holder demands in favor of expediency), that can
impact commercial or academic pharmacogenomic
research and professional conduct may be dismissed or
mistakenly ignored in the framing and future projec-
tions of these technologies.*'"** To this end, a
multidisciplinary  learned society, such as the
American Federation for Medical Research (AFMR),
would be uniquely positioned to play a pivotal
leadership role in facilitating dialogue across different
professional languages and norms at the intersections of
social sciences, research govermance in public and
private sectors, and professional practice of clinical
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pharmacology and human genetics research to best
realize the dream of phanmacogenomics-guided perso-
nalized medicines.

Regardless of the various sociologic, technology-
based, or commercial factors and motivations that
impede or facilitate the development of pharmacoge-
nomic tests at the point of care, the fact is that the
traditional model of drug development, with its focus
on finding ‘the next blockbuster drug,’ is increasingly
viewed as no longer realisic or viable’” Often
overlooked is the fact that most recent blockbuster
drugs were likely the ‘lower-hanging fruits’ resulting
_ from rational and scientific drug development in the
second half of the twentieth century. Further, many
blockbuster drugs initially developed for broad use in
the population have, on prescription in larger patient
samples, been withdrawn from the market because of
serious toxicity, a lack of effectiveness, or adverse drug-
drug interactons. In effect, drug development without
accompanying clinical biomarkers to customize pre-
scriptions amounts to a statistical time bomb: when
drug exposure exceeds the 1,000 to 3,000 patients
collectively enrolled in typical premarketing clinical
trials, members of the broader patient population who
do not reflect the ‘average’ biologic or demographic
attributes of trial participants are invariably exposed,
leading to adverse drug-related events.

Exposing patients in clinical trials or during the
postmarketing phase to partially preventable risks
becomes a more acute and palpable social and ethical
concem, especially when we consider that pharmacol-
ogy is an experimental science amenable to proactive
and prospective biomarker applications long before
drug-related problems emerge. We submit that it is
essential for both drug developers and regulators to
adopt a longer-term vision that projects beyond the
immediate goal of obtaining regulatory approval
toward an enhancement of the entire life cycle and
quality of a medicinal product. That is, prompt and
timely introduction of new drugs to patients should be
balanced against their sustainable use in the clinic,
without postregistration withdrawal.*

Introducing noncustomized drugs in the clinic
does not, in the long run, benefit many of the key
actors in knowledge-based economies, whether they
are patients or industry shareholders. Any costs
incurred for postmarketing safety monitoring of drugs,
such as frequent liver or kidney funcdon tests, are
ultimately transferred from the drug manufacturer to
the patients and the payors. ™ Looking through the lens
of global public health,” unfavorable perceptions
about the societal commitment of a drug manufacturer
on a given product withdrawn from the clinic will also

have multple detrimental effects on other compounds
in their drug development pipeline: employee morale
may suffer, thereby seriously undermining corporate
initiatives to develop an equitable and attractive
workplace environment that will retain highly trained
and costly staff, whereas the broader mission of creating
public benefit and ultimately safeguarding corporate
and fiduciary responsibilities toward shareholders will
be jeopardized. ***

Future Qutlook

As noted by David and Foray, commenting on the
evoluton of knowledge-based economies and civil
societies, ‘‘[d]iscoveries in many domains are...made in
the course of unplanned journcys through information
space.”* The genealogy of scientific progress can be
even more complex in the case of interdisciplinary
dialogues and experiments. Simply ‘chunking’ phar-
macogenomics and human genetics together in con-
ceptual proximity as two identical disciplines would be
inadequate for a balanced reconciliation of their
nuanced differences in science policy. Nor would
such an approach acknowledge how these two ficlds
might, in tum, impact both real and perceived
expectations, for example, on sample size requirements
in studies on the development of genetic tests for
custornization of drug therapy. More in-depth and
realistic projections of their codevelopment as a new
hybrid and intellectually richer discipline necessitate
selfreflection that extends beyond the classic dis-
ciplinary boundaries. Hence, although the fields of
clinical phammacogenomics and * human
research are increasingly coalescing through technol-
ogy and knowledge transfer, it is critical to discern the
ways in which discipline-specific traditions, tacit
knowledge, and expectations of practitioners may
influence the course of sciendfic dialogue and
collaboration at their disciplinary boundaries and
interdisciplinary junctons.

As academic institutions move increasingly toward
serving a dual role as engines for economic growth and
a knowledge commons (research and teaching o2
future public policy debates on pharmacogenomics,
genetic testing, and personalized medicine will need to
be reframed to incorporate these subtle but significant
characteristics (see Table 1). Ultimately, the recogni-
tion that pharmacology is an experimental science
should also elevate the ethical standards and accentuate
the moral obligation to develop pharmacogenomic or
other biomarkers prospectively before obtaining mar-
keting approval. For drugs that have already been in
clinical use, an equal eftort should be made to facilitate

genetics
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their targeted use for individuals and patient popula-
tions. Blockbuster drugs may increase the profits in
selected cases, but they also unethically concentrate the
risks of drug. development in specific groups and
communities.>

The expansion in scope of scientific research
enabled by new genomic technologies may soon result
in fragmented but more diversified and narrowly
defined therapeutic fields or markets for drugs that will
ultimately benefit patients while also shaping the vared
expectations for long-term and sustainable growth in the
phammaceutical industry. This expansion also creates
new control points and sociotechnical actors in
academic research governance. By contextualizing
genomic technologies as important technical and social
sources of momentum that unites human geneticists and
pharmacologists, one sees the future of personalized
medicine or clinical pharmacogenomics contingent on
often indeterminate or multifactorial events.>*™ Yet
while the future remains undecided and uncertain, there
is arguably an actual ethical responsibility on the part of
regulatory scientists, human genetics, molecular medi-
cine, pharmacogenomics, and social science researchers
to engage in a sustined interdisciplinary, open,
accountable, and transparent dialogue aimed at the
development of shared standards and science policies
that demonstrate optimal methodologic rigor to favor-
ably advance discoveries and serve the best interests of
patients’ and public health.

In increasingly overspecialized, hypercompetitive,
and fragmented biomedical research with semantic and
disciplinary discontinuities,”**” the only assurance for
continuity and objectivity in interdisciplinary fields of
inquiry (eg, pharmacogenomics) will thus depend on
certain human qualities in sclentific professional practice
and, more broadly, in public health research. These
qualities include an open recognition of our own
discipline-specific biases and shortcomings, giving
credence to (at least noticing) hitherto disenfranchised
professional viewpoints and the boundaries surrounding
each discipline or individual scientific methodolo-
gies.”? Reductionist conceptual juxtapositions of
one discipline next to another (je, pharmacology and
human disease genetics presented as pharmacoge-
nomics) or borrowing technologies from one discipline
and applying in another without adequate reflection,
in the best of circumstances, may only lead to multi-
disciplinary summation of scientific inquiries. But this
is not necessarily equivalent to interdisciplinary syn-
thesis and reasoned reconciliation of norms at dis-
ciplinary intersections. It is only when we comfortably
place ourselves in that interdisciplinary space and
acknowledge the attendant semantic and methodologic

uncertainties that we can begin to dispassionately learn
from other disciplines while building a more certain and
cthical future for pharmacogenomics, personalized
medicine, and equitable public health policies.
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ORIGINAL ARTICLE

Dose-Dependent Effects of the 3435 C>T Genotype of
ABCB1 Gene on the Steady-State Plasma Concentration
of Fluvoxamine in Psychiatric Patients

Naoki Fukui, MD,* Yutaro Suzuki, MD, PhD,* Kazushi Sawamura, MD, PhD,* Takuro Sugai, MD,*
Junzo Watanabe, MD,* Yoshimasa Inoue,} and Toshiyuki Someya, MD, PhD*

Abstract: This study investigated effects of the 3435 C>T
genotype of the adenosine triphosphate-binding cassette subfamily
B member 1 (ABCB1, MDRI) gene on the steady-state plasma
concentration of fluvoxamine (FLV).

Methods: Sixty-two psychiatric patients were treated with different
doses (50, 100, 150, and 200 mg/d) of FLV. Blood samples were
collected after at least 2 weeks of treatment with the same daily dose
to obtain steady-state concentrations of FLV, and 3435 C>T genotype
was determined by polymerase chain reaction.

Results: FLV concentration-to-dose ratio was significantly different
among 3435 C>T genotype groups at the 200 mg/d dose (P=0.019).
A post-hoc analysis revealed that FLV concentration-to-dose ratio was
significantly higher in the TT genotype group as compared with the CC
genotype group at the 200 mg/d dose (median value of concentration-
to-dose ratio (ng/mL)/(mg/d), 0.861 vs 0.434, P = 0.026). FLV
concentration-to-dose ratio was significantly higher in the CT + TT
genotype group than the CC genotype group at the 200 mg/d dose
(median value of concentration-to-dose ratio (ng/mL)/(mg/d), 0.618 vs
0.434, P=0.031). At 50, 100, and 150 mg/d dose, FLV concentration-
to-dose ratios were not significantly different among 3435 C>T
genotype groups. At 50, 100, and 150 mg/d dose, no significant
differences were found in FLV concentration-to-dose ratios between
the CT + TT genotype group and CC genotype group.

Conclusions: This study suggests that pharmacokinetics of FLV
depend on ABCBI gene polymorphism only at the 200 mg/d dose.

Key Words: ABCB1 (MDRI1/P-glycoprotein), gene polymorphistn,
antidepressants, SSRIs, plasma’ fluvoxariine concentration

(Ther Drug Monit 2007;0:000-000)

INTRODUCTION
Fluvoxamine (FLV) is a selective serotonin reuptake
inhibitor (SSRI), which is used not only for the treatment of
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depression but also for the treatment of a variety of other psychi-
atric disorders, such as panic disorder, social anxiety disorder,
and obsessive-compulsive disorder. Several studies have shown
cytochrome-P450 (CYP) 1A2!? and CYP2D6%* to have a sig- -
nificant impact on FEV pharmacokinetics. However, other stud-
ies reported that CYP1A2* and CYP2D6** had no major effects

" on plasma FLV concentrations. The specific factors involved in

the pharmacokinetics of FLV have not been clearly identified.
The adenosine triphosphate (ATP)-binding cassette
subfamily B member 1 (ABCBI1), which is also known as
MDRI1 or P-glycoprotein, is an integral membrane protein of
170 Xd and belongs to the ATP-binding cassette superfamily
of membrane transporters. It serves as a potent ATP-dependent
efflux -pump for a wide variety of lipophilic compounds.
Overexpression of ABCBI in tumor cells confers the com-
monly known phenomenon of multidrug resistance against
antineoplastic agents.*” ABCBI is also expressed in normal
tissues such as liver, kidney, and intestine where it contributes
to the elimination of xenobiotics and drugs into bile and urine
or limits drug absorption from the gastrointestinal tract.®?
Hoffmeyer et al'® reported that a single nucleotide
polymorphism (3435 C>T) in exon 26 of ABCBI gene was
associated with duodenal expression of ABCBI1 and associ-
ated function in humans. Carriers homozygous for this
polymorphism (TT) showed more than a 2-fold lower ABCB1
expression and higher digoxin plasma concentration than the
CC group. Several studies also have reported that the T allele
of 3435 C>T relates to higher concentrations of drugs such as
digoxin,'®!! cyclosporine A,'*'* and tacrolimus."* :
Penetration of amitriptyline into the brain was enhanced
in mice lacking P-glycoprotein.' The 3435 C>T genotype
was also associated with the occurrence of nortriptyline-
induced postural hypotension.'” These studies suggested that
ABCBI1 might affect the pharmacokinetics of antidepressants.
However, there have been few clinical studies investigating
effects of the functional status of ABCB1 on pharmacokinetics
of antidepressants. In this study, we investigated effects of the
ABCBI gene polymorphism on steady-state plasma concen-
tration of FLV in patients treated with different doses of FLV.

MATERIALS AND METHODS

Subjects ,
This study was approved by the Ethics Committee
on Genetics of Niigata University School of Medicine.

1
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All patients received an explanation of the objectives of the
study, and only those who gave written consent to participate
in this study were enrolled. Demographic data; medical
history; and laboratory data including hematology, serology,
electrolytes, and urine analysis were collected for each patient.
Patients with obvious physical illness were excluded. Patients
older than 65 years of age and those younger than 20 years of
age were excluded. Smokers (=20 cigarettes/day) were also
excluded because smoking is known to induce the CYP1A2
enzyme and increases the metabolisms of drugs eliminated by
this enzyme. Patients concomitantly treated with other drugs,
except some benzodiazepines, were excluded. The subjects
included 62 Japanese outpatients (25 females and 37 males).
The mean age = standard deviation (SD) was 362 = 11.9
years. Their diagnoses were major depressive disorder (n = 55),
dysthymic disorder (n = 1), depressive disorder not other-
wise specified (n = 1), bipolar disorder (n = 1), anxiety
disorder (n = 1), bulimia nervosa (n = 1), and adjustment
disorder (n=2), according to the criteria of the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision.'® The subjects received FLV in 2 equally divided
doses at 9:00 and 21:00.

Blood Sampling

Patients were maintained on the same daily doses of FLV
for at least 2 weeks to obtain steady-state -concentrations of
FLV. Blood sampling was done using a Venoject tube with
ethylene tetraacetic acid (EDTA)-Na (Terumo Japan, Tokyo,
Japan) 12 hours after the last dosage. Within 2 hours of
collection, samples were centrifuged at 3,000 g and aliquots of
plasma were drawn out in pipettes for determining plasma
levels of fluvoxamine with samples stored at —80°C until
assayed.

Determination of Drug Plasma Concentration

Plasma FLV concentration was measured using column-
switching high-performance liquid chromatography with
ultraviolet detection. Drugs in plasma to which cisapride
had been added as an internal standard were extracted with
hexane-chloroform. The extract was subjected to an automated
column-switching high-performance liquid chromatography
using a TSK BSA-C8 precolumn (Tosoh, Tokyo, Japan) for
sample cleanup and a TSK gel ODS-80TS column (Tosoh) for
separation.

Calibration curves (n = 6) were linear over the
concentration ranging from 1.2 to 150 ng/mL (r > 0.999)
for FLV. Intraday (n = 6) and between-days (n = 6) coefficients
variations determined at 3 different concentrations (2.5, 38,
and 150 ng/mL) were less than 4.7% and 3.9%, respectively.
Recoveries and their coefficients variations (n = 6) determined
at 3 different concentrations (1.25, 25, and 100 ng/mL) were
94.9-97.3%, and less than 1%, respectively. The limit of
quantification (signal/noise ratio = 5) was 1.0 ng/mL.

Genotyping

Genomic DNA was exfracted from peripheral blood
using a QIA-amp Blood Kit (Qiagen, California). 3435 C>T
of ABCBI were genotyped using the TagMan 5’-exonuclease
assay. Primer and probe sets were designed and synthesized

-2

by Applied Biosystems (Foster City, California). Polymerase
chain reaction amplification was preformed using TagMan
2% Universal Master Mix, No AmpFErase UNG (Applied
Biosystems), 5 ng of DNA, 0.9 pmol/L of each primer, and
200 nmol/L. of each probe in total volume of 5 pL. Thermal
cycler conditions were 95°C for 10 minutes, 40 cycles of 92°C
for 15 seconds, and 60°C for 1 minute. Fluorescence and
allelic discrimination were measured with a ABI PRISM
7900HT Sequence Detection System using SDS 2.0 software
(Applied Biosystems).

Statistical Analysis

Statistical analysis was conducted with the SPSS II
software for Windows (SPSS Japan Inc, Tokyo, Japan). A
Mann-Whitney test was used to detect differences in FLV
concentration-to-dose ratio between 50 mg/d and 200 mg/d
dose treatment groups. Comparison of mean age among 3435
C>T genotypes was performed by analysis of variance
(ANQVA) with the Bonferroni’s test used as a post-hoc test.
Differences in gender distribution among 3435 C>T geno-

types were compared with the x*-test. Differences in FLV

concentration-to-dose ratio among 3435 C>T genotypes were
compared using the Kruskal-Wallis analysis with the Scheffe’s
test used as post-hoc test. Differences in FLV concentration-
to-dose ratio between 2. genotype groups were compared
by a Mann-Whitney test. A nonparametric ranking sum test
(Friedman test) was used to detect differences in FLV
concentration-to-dose ratio among 4 doses of FLV. Level of
statistical significance was set at P < 0.085.

RESULTS

Of the 62 patients, 15 patienfs had data of FLV
concentration at 1 dose, 15 patients had it at 2 different doses,
12 patients had it at 3 different doses, and 20 patients had at it
4 different doses of FLV. Median value of FLV concentration-
to-dose ratio was 0.282 (50 mg/d, n = 49), 0.381 (100 mg/d,
n = 42), 0477 (150 mg/d, n = 40), and 0.554 (ng/mL)/(mg/d)
(200 mg/d, n = 30); it significantly increased with increasing
daily dose (50 gm/d vs 200 mg/d, P < 0.001).

3435 C>T genotype frequency was 0.31 (n = 19) for
CC, 0.55 (n = 34) for CT, and 0.15 (n = 9) for TT. Genotype
frequency was not significantly different from the values
expected from the Hardy-Weinberg equxhbnum ¢ = 0.99,
P =032, df=2).

In the 50, 100, 150, and 200 mg/d dose treatment
groups, there were no significant differences among 3435
C>T genotype groups regarding mean age (P = 0.23, 0.35,
0.27, and 0.09, respectively; Table 1) or gender distribution
(P = 0.08, 0.18, 0.29, and 0.08, respectively; Table 1).
Furthermore, there were no 51gn1ﬁcant sex-related differences
in plasma FLV concentration at any doses (data not shown).

FLV concentration-to-dose ratio was significantly dif-
ferent among 3435 C>T genotype groups at the 200 mg/d
dose (P = 0.019; Table 1). A post-hoc analysis revealed that
FLV concentration-to-dose ratio was si ignificantly higher in the
TT genotype group than that in the CC genotype group at
200 mg/d dose (P = 0.026; Table 1). FLV concentration-to-dose
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TABLE 1. Demographics and FLV Concentration-to-Dose Ratio (ng/mL)/(mg/d) of Subjects Classified by ABCB? Genotypes
50 mg/d 100 mg/d
cC CT T cC CT T -
Number of subjects 13 29 . 7 12 25 5
Female/male 6/7 8/21 512 6/6 9/16 4/1
Age (year = SD) 383 £ 12.7 37.7 £ 12.1 36.6 £ 12.0 37.8 = 10.7 357 £ 115 286 = 5.0
FLV concentration*
Median 0.268 0.250 0.350 0.391 0.337 0.556
Range 0.088-0.762 0.032-0.776 0.210-0.832 0.105-0.825 0.058-1.888 0.277-2.172
Kruskal-Wallis test P=0.15 P=0.24
150 mg/d 200 mg/d
CcC CcT " cC CT T
Number of subjects 11 23 6 10 16 4
Female/male 6/5 8/15 412 5/5 6/10 4/0
Age (year £ SD) 354 + 84 369 + 12.3 283 £ 45 36.5 £ 6.2 352 % 132 273 246
FLV concentration*
Median 0411 0.433 0.548 0.434 0.603 0.8617
Range 0,196-1.009 0.104-2.241 0.255-2.858 0.188-0.667 0.088-2.042 0.588-3.395
Kruskal-Wallis test P=.055 P=10.019

FLV, fluvoxamine; ABCBI, ATP-binding cassette subfamily B member | gene; SD, standard deviation.

*Concentration-to-dose ratio (ng/mL)/(mg/d).

tPost-hoc analysis revealed that plasma FLV concentration was significantly higher in the TT group than that in the CC group (P = 0.026).

ratio was significantly higher in the CT + TT genotype group
than in the CC genotype group at the 200 mg/d dose (median
value of concentration-to-dose ratio (ng/mL)/(mg/d), 0.618 vs
0.434, P = 0.031).

At 50, 100, and 150 mg/d dose, FLV concentration-to-
dose ratios were not significantly different among C3435T
genotype groups (Table 1). At 50, 100, and 150 mg/d dose,
there was no significant difference in FLV concentration-to-
dose ratio between the CT + TT genotype and CC genotype
groups (P = 0.96, 0.91, and 0.55, respectively).

~ Table 2 shows FLV concentration-to-dose ratios of
20 patients tested at all 4 doses. In these 20 patients, FLV
concentration-to-dose ratios significantly increased with
increasing daily dose (Table 2). At 50, 100, 150, and 200
mg/d dose, FLV corncentration-to-dose ratios were not signi-
ficantly different among 3435 C>T genotype groups (Table 2).
At 50, 100, 150, and 200 mg/d dose, subjects with the TT
genotype of 3435 C>T had higher FLV concentration-to-dose

ratios than those from the CC + CT genotype group
(P =0.038, 0.12, 0.13, and 0.038, respectively).

DISCUSSION

This study suggested that the 3435 C>T genotype in
ABCBI had a significant effect on steady-state plasma
concentration of FLV only at a treatment dose of 200 mg/d.
Subjects with the TT genotype of 3435 C>T showed a
significantly higher FLV concentration-to-dose ratio than that
of subjects with the CC genotype at the 200 mg/d. Although
riot statistically significant, heterozygous (CT) subjects tended
to have higher FLV concentration-to-dose ratios than that of
CC subjects at the 200 mg/d dose. This result was consistent
with those of Hoffmeyer et al’s findings that showed subjects
with the CC genotype of 3435 C>T had high intestinal
ABCBI expression and low digoxin concentration in contrast
to TT subjects with low intestinal ABCB1 expression and high

TABLE 2. FLV Concentration-to-Dose Ratio (ng/mL)/(mg/d) of 20 Patients Tested at All 4 Doses

ABCBI 50 mg/d 100 mg/d 150 mg/d' - 200 mg/d

Genotype Median [Range] Median [Range] Median [Range] Median [Range]
All (n = 20) 0.284* [0.048-0.832] 0.474% [0.085-2.172] 0.526* [0.104-2.858] . 0.580* [0.088-3.395]
CCm=5) 0.252 [0.164-0.338] 0.359 [0.132-0.528] 0.411 [0.196-0.751] 0.501 [0.187-0.667]
CT(n=11) 0.250 [0.048-0.550) 0.458 [0.085-0.899) 0.464 [0.104-0.986] 0.572 [0.088-1.091]
TTm=4) 0476 [0.310-0.832] 0.626 [0.467-2.172] 0.731 {0.490-2.858) 0.861 [0.588-3.395]
Kruskal-Wallis test P =0.091 P=10.18 P=025 P=0.072

FLV, fluvoxamine; ABCBI, ATP-binding cassette subfamily B member 1 gene.
*FLV concentration-to-dose ratio significantly increased with increasing daily dose (P < 0.001, Friedman test).
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digoxin concentration, whereas heterozygous (CT) subjects
presented with intermediate levels.!® Our additional analysis of
20 patients tested at all 4 doses also suggested that TT subjects
have higher FLV concentration-to-dose ratio compared with
CC or CT subjects, although the number of subjects was small
and dose-dependent effects of the 3435 C>T genotype could
not be detected clearly.

Two studies*® using a single oral dose of 50 mg FLV
reported that the area under the plasma or serum concentration-
time curve (area under the curve, or AUC) of FLV was
significantly associated with CYP2D6 activity. A significant
correlation between AUC of FLV and CYP1A2 activity was
found in 1 study using a single oral dose of 50 mg FLV.! These
studies suggested that pharmacokinetics of FLV depended on
CYP2D6 and CYP1A2 activity at lower doses such as 50 mg
FLV. However, a 2003 study” using 200 mg/d FLV did not find
effects of CYP1A2 and CYP2D6 on the pharmacokinetics of
FLV, and the possible explanation for this result was thought to
be saturation of CYP1A2 and CYP2D6 at high doses of FLV.
Saturation kinetics of CYP2D6 have been demonstrated for
other drugs such as paroxetine.’” CYP1A2 has also been
characterized by saturation kinetics for other drugs such as
theophylline®® and caffeine.?! Several other studies?®?* have
shown nonlinear kinetics for FLV, which is considered to be
caused by the saturation of CYP1A2 and CYP2DS6. In our study,
FLV concentration-to-dose ratio also increased with increasing
treatment dose. The 3435 C>T genotype had a significant effect
on plasma FLV concentration only at the highest dose of FLV,

"200 mg/day, likely because of an increasing number of subjects

with saturated CYP1A2 and CYP2D6 at this higher dose.

An in vitro study® suggested that FLV had an ABCB1
inhibitory effect. Therefore, ABCB1 may be partly involved in
nonlinear kinetics of FLV, and ABCB] inhibitory effect of FLV
may be different among ABCBI genotype groups. However,
our study did not investigate these points.

As mentioned earlier, several reports have suggested that
CYP2D6 is involved in the metabolism of FLV. Several
mutated alleles of the CYP2D6 gene causing absent activity
such as *3, *4, and *5, and decreased activity such as *10,
have been reported. Accordingly, in subjects having mutated
alleles of CYP2D6, the CYP2D6 pathway may be easily
saturated at relatively lower doses, and ABCB1 has a greater
impact on FLV metabolism. Further studies analyzing
genotype of ABCBI with that of CYP2D6 are needed to
investigate FLV pharmacokinetics in details.

The 3435 C>T polymorphism genotyped in our study
causes no amino acid change. There may be-other functional
polymorphisms in significant linkage disequilibrium with
3435 C>T polymorphism that affect the pharmacokinetics of
FLV. For instance, the G2677A/T polymorphism in exon 21
causes an amino acid change and is associated with expression
of P-glycoprotein,?*" This polymorphism is found to be in
significant linkage disequilibrium with 3435 C>T poly-
morphism.?® Further studies investigating other polymor-
phisms including G2677A/T are needed.

In addition, it would be interesting to investigate effects
of ABCBI gene polymorphisms on FLV pharmacokinetics at
doses higher than 200 mg/d because high doses of SSRIs are
occasionally needed to obtain a therapeutic effect in the

4

treatment of psychiatric disorders such as obsessive-compul-
sive disorder.

CONCLUSION

This study suggests that pharmacokinetics of FLV
depend on 3435 C>T genotype of ABCBI at high doses such
as 200 mg/d. However, sample size of the present was quite
small, and only 4 subjects carried the TT genotype of 3435
C>T in the 200 mg/d treatment group. Further studies with
a larger sample size are needed to clarify the extent of
involvement of ABCBI gene polymorphism' on FLV
pharmacokinetics.
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Notable adverse events caused by antipsychotics : A focus on
the atypical antipsychotics.
HBAREREEERERATRARRESES T
(T951-8510 #TiBE3NE HIERT B—FRT757)
Takuro Sugai, Kazushi Sawamura, Toshiyuki Someya : Depart-
ment of Psychiatry, Niigata University Graduate School of
Medical and Dental Science. 757, Asahimachidori-ichibancho,
Niigata, 951-8510, Japan.
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o TWh, E/-HAMEOEYRELIELLS
RIBFRERE, HBELEEHOERENRE%:
WEEE 5720 Ch<, BYEMHEERICL5E
TERZEDERTIWRENND 220k L TH
BINDEREDDTER . -
EEERCCTHE SN EEERERELE
EPURMRE L B L C, SAEBEREZ E0E
TERDH 72K, S LIERDED eRERE
CRSULETHEZ EFEONE oY, L
L—7T, EBBRBHRECBwTIEER
m, BEERFHEEL v, BETNIERR
EDRRA ZERBERE &2 LESEEEH
Lo TWwb, HATII olanzapine % quetia-
pine IZ X ATHERBEEINEELF VTV F—2
A%B| &I L, TRICEIFBTHADIHRESH,
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RAERICOWTHELA S 2h T b,
AT, AERIETRER SN TWAIEER
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ne, perospirone) % HMIEETREBIER %
WSO Y B, £40RIERICowWTINE
TOMR%EZ D LT %,

I.fAEE M

FEOEMIBRF L LMEREELEDY X
7%ED, SLICEABREOREIVTIAT VA
BTICD%25. PRI o ERREHREENTHSE
TAHEEEMIOWTHRES L TWzDS, FEER
PFRMREICBVWCIIER L ICRERMOREE
BV H B EPHL PR o TERNY,

Wetterling & IZFEERIPUBHREOMKREREMIC
DWTHRETLTWwWA, 512k % &, olanzapine
i32. 3kg, zotepine 2. 3kg, quetiapine 1.8kg, clo-
zapine 1. 7kg/ R O R E N % 7R L, risperidone
Til.0kg/B &L B L REMERLIE VI,
T, EKICHEBBEIZERICET A EEEM
PEECTHo 2 LFHEL T B, Allison b I13#HL
R ERSBOAREERLICHET 2810 EER
REO X FHTICBWT, 10BBOFERLIX
clozapine T4.45kg, olanzapine 4.15kg, sertin-
dole 2.92 kg, risperidone 2.10kg, ziprasidone
0.04kg THo/-ImMELTWDH, —F, EHE
Tl thioridazine T3. 19kg DAEHEMA D b
7243, #1Z molindone TX0. 39kg DR E KA
BN & wvwH, F 7z olanzapine 2B L T
2, BERE 1 EROTEHEREENEIZ4. 3kg T
Y, &FD28.3%755kg~12. 5kg DEREEN
ZROIEDHELHHY,

BEENORRICIERFIEbLoTHEY, &
BAEEBEISESLTwALELILR, Z0OR
ERETF & L TIHIEER Body Mass Index (BMI)
PERETHSL I LREBANETH DI LR EPHR
HFENTWEY, FHIEIFRHETHD, L LE
BO LI, FHHCEEREEENE R TES
A% v, FAEENEEYREERICR
HHNDZERELY, T LERIHL TR
TARERPLETH D, BRRFEDIAT D
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SERERECEECEDOND LS hoTH
D, BERREL 2 BBERKEE OMIZT S »0H
ERDHLZ LD PHRbNEY, ThF TOHE
THEHBHRENRTICERBZEHT S
Ay 77r -t LTHE FBAE F4E
lithium DA 2 EFBBE T 5%, FEH
m#Wf%D&x%%&L&ﬁbtm%%E%ﬁ
FEFERIER LI & W) EFA LR
BHREOBRS CHEREEISBELELE
BP, FLRERREEHLICBEOIIE AR
BEZELTVZVWEVIREINH B, TDX
I REFATIEBHREORE CHREEME & /2
L, TORR, BREVPBELZTEREDEZS
N5%, —ATEREEMBIEHOLVERICS
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BrEKE bﬁf‘“’*'ﬁﬁﬁ; Ehb,
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BRFET P TV F—Y X 2RO 0EF 24T
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ECRAEEZRRLh o P IEEE & MAEEIA
BlEdhobHEL T 3E™, I/ Gianfran-
cesco 512 X MIE, MR L B L T clozapi-
ne, olanzapine NREE CIIERROERENS
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bRadolbLTwa? Bl hb
olanzapine % clozapine Z £ H 3 2 BiZix, ©#
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IO WTHRE 21T/ HOE, AKEB IV
TG 2 5-BIB12B I E D ICHEELRER 2R
L, MEDOMICEVWIEBEIARBINAEHRELT
WbY, 72, Meyer b D#EiEE Tk olanzapine F
7213 quetiapine &5 L T \» 72145 ) 12600mg/
d%2BLABEEOETCIELEL, Z0)b9
EFNIESER S » BUNICE TGIER &2 L
TwizEd w9, L2 LEFORETOREEMID
TPT, BRFEEEGHLLZBEDLPIOARTH-
Tz #FE L T 5™, Clozapine 122V T 3 Spi-
vak & 7% clozapine Wk i D B T 1EH O TG
EFEECLERE LD LT, EHELZNRL
TVWHBEBETIEEEPAON P o EHEL T
W3?, & 512 Lindenmayer 513, “EERET
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oridazine & % \» i sertindole 72 &, 1 A7 OB W
ERzFHTIHESY, SHEOIBMRERZE
Ae S5 2B 20EEICEEHNICGLEREES
SV TTHIEPRETHS ), MATQTE
ME2ERSEALEZOMDIRZ 772 5L LT
X, InEs FIRRERRET, ®RIR, =Z®/RWOH O
BOME, EREREREFRESNTEYY,
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B X U olanzapine WREEIZ S B RTHE R L
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Kearns 5 i risperidone DfFERIZ L ) BLiziz4d
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WL, PRLED EREIBEETH S Z &5 H
2 TB Y, Crawford 5 & olanzapine P iR B 1%
haloperidol PWEREEIZH L, PRLIBE ® EH =
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spirone {2 DWW TIZHEREEIC PRLEED LA
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LV FRENDH B,
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caAVEY PEToRLET, RUEETRALA
EORELELESELI LD D, ERFEST
BEOEFBRPRE NS EYEEL LT bro-
mocriptine ##% 53542 & 3 H 5%, BHHRER
DEALPCHEMNEERZT SR THREYND 5
TOEBEICRETAUEND S,

VI. SEMRSMRRIER/BRESZAF2 VT

R, B B2 I LogrABRER
(Extrapyramidal Symptoms : EPS) 1Z¥ifsHEE
WCEDRAD F—233 ¥ D,ZRAIERE NS
CEW Lo THREFBEABIPORBET LI LS
Ll E3ns?, EERRBRRENERESNT

 DLREOREEIZS LR holzbon, BED

EURET OB DL VWERHO 1 9TH 5, XE
EREZEME (Food and Drug Administration)

2 & B #HETIE, risperidone X10mg/B L TF @
BE5EETIZEPS ORERIZII%THY, 'S5+
REESHEORERISHEIZITRETH 5, L
L, AEEREEE2R®, 16mg/HTX33%ETL
F95ELLTW5B, F 7 olanzapine IZB W T 3
10mg/H T25%, 15mg/H T33% & HEKAEMEMD
RBOLNY, ZhbnZ LidFEERPEHREIC
&£ 5 EPS O RERF B EPURHFEICH L TR
Wb, AERFE FAEL, BHETIX
EPSBRIEQV A/ PEITHILETRLTY
%, Risperidone & haloperidol @ MELRER T3,

risperidone 2 & & (1~4mg/H) @ % &
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