86

Table 2. Summary of studies evaluating association of CYP206 genotype with response to adjuvant tamoxifen therapy

P Univariate Multivariate :

Studies Num?:)er of Tamoxifen therapy A)ﬂ:) f Tamoxifen dose Cutcome® Comparison of CYPZD6

patients monotherapy Hazard ratio (95% CI) p value Hazard ratio (95% CI)  p value gevotype groups®
Goetz et dl.,2005*" 190 Monotherapy 100% 20 mg/day for 5 years DES 2.44 (1.22-4.90) 0.012 1.86 (0.91-3.82) 0.082
Wegman et dl., 2005 76 +Chemotherapy or radiation not reported 40 mg/day for 2 years RES not reported <1.0b wt/wt vs wt/*4+"4/ %4
Nowell et al., 2005*” 160 +Chemotherapy or radiation 14.2%  not reported DFS not veported 0.67 (0.33-1,35) 0.19 wi/we vs wt/ 4+ "4/ 4
Goetz et al., 2007*? i80  Monotherapy 100% 20 mg/day for 5 years RFS 3.20 (1.37-7.55) 0.007 not reported wt/vt vs PM*
Wegman et dl., 2007 103 not reported not reported 40 mg/day for 2 years RFS not reported 0.87 (0.38-1.97)  0.74  wt/wt vs wt/ 4+ %4/ %4

111 not reported not reported 40 mg/day for S years RFS not reported 0.33 (0.08-1.43) 0,14  wmt/wtvs wt/ 4+7°4/%4
Schroth et al., 2007 206  Monotherapy 100% ot reported RFS not reported 2.24 (1.164.33)  0.02  EM vs decreased
Monotherapy or +chemothera 20 mg/ da:
55) Py Py o, g/ day,
Newman et al., 2008 115 and/or radiation 63.5% median duration >4 years RFS not reported 1.9 (0.8-4.8) 0.19 wt/witwt/V vs VIV
Kiyotani et al., 2008* 58 Monotherapy 100% 20 mg/day for § years RFS 8.67 (1.06-71.09) 0.044 10.04 (1.17-86.27) 0.036 wi/wt vs *10/ 710
Xu et al., 2008*0 152 Monotherapy 100% DES not reported 4.7 (1.1-200)  0.04  100C/CAC/T vs T/T
. 53 Menotherapy or -chemotherapy o 20 mg/day, »
Oldshiro et al., 2009 173 and/or goserelin 42.2% median 57 months RFS 0.94 (0.34-2.60) 0.95 0.60 (0.18-1.92) 0.39 100C/C+C/Tws T/T
Schroth et al., 2009 1,325¢  Monotherapy 100%  for 5 years RES 1.49 (1.12-2.00) 0.006 1.40 (1.04-1.90) 0.03 wi/wt vs hetEM/IM
2.12 (1.28-3.50) 0.003 1.90 (1.10-3.28) 0.02 wt/wt vs PM
Bijl et al., 2009°? 85  mot reported not reported not reported Br;azi;;:;er not reported 41(1.1-159)  0.04  w/wmw 4/ 74
Kiyotani et al, 2010 282!  Monotherapy 100% 20 mg/day for § years RFS not reported 444 (131-15.00) 00170  we/wt vs we/V
not reported 9.52 (2.79-32.45) 0.0032  wt/wevs V/V

Ramén et al., 2010°9 91 Monotherapy or +chemotherapy ~ 39.8%  not reported DFS not reported 0.016° not reported not reported PM vs others

Cl, confidence interval; RFS, recurrence-free survival; DFS, disease-free survival; EM, extensive metabolizer; IM, intermediate metabolizer; PM, poor metabolizer.
“Genotype group was reassigned using reported data.

Definition of alleles: wt, *I or *I-*1; im, *10, *10-%10 or "41; pm, *3, "4, *5, "6, *14, "21 or "36-"36; ¥, im or pm.

Definition of genotype groups: we/wi, 2 wt alleles; EM; we/we or we/im; hetEM/IM, wt/im, wt/pm, im/im or im/pm; PM, 2 pm alleles; decreased, wi/pm, im/im, im/pm or pm/pm.
*Not calculated hazard ratio according to CYP2D6 genotypes.
“Genotype group defined as combination of CYP2D6*4 and CYP2D6 inhibitors by Goetz et al.*?
“These studies included patients reported previously, 449

Fog-lank test p value.
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of 486 postmenopausal patients (206 of them received
adjuvant tamoxifen).* In 2009, Schroth ez al. subsequently
published a retrospective analysis of 1,325 German and
North American breast cancer patients who were at an early
stage and treated with adjuvant tamoxifen, and observed that
PMs revealed a higher risk of recurrence than EMs with HR
of 1.90 for a time to recurrence (p = 0.02); however, no
significant difference in overall survival was observed.*” In
Asians, Kiyotani et al. reported that CYP2D6*10 was
significantly associated with shorter RFS in Japanese patients
receiving adjuvant tamoxifen monotherapy in 2008 (HR,
10.04; p = 0.036), and also confirmed significant association
in a follow-up study of 282 Japanese patients receiving
adjuvant tamoxifen monotherapy (HR, 9.52; p = 0.000036
for RES).%4 The worse clinical outcome of tamoxifen
therapy in the patients CYP2D6*10 was also
confirmed in a Chinese population.*® Although still based
on retrospective analyses of tumor samples, the majority of
these trials suggest that the presence of one or two variant
CYPZD6 alleles is associated with shorter RFS. However,
several studies have reported discordant results. Two large
retrospective studies reported an inverse association between
CYP2D6 genotype and breast cancer outcomes.”*® Nowell
et al. reported a trend toward better overall survival with
HR of 0.77 in a cohort of adjuvant tamoxifen-treated breast
cancer patients with the CYP2D6*4 genotype.*” A Swedish
trial reported the better outcome for patients with at least
one CYPZDE™4 allele who were treated with 40mg of
adjuvant tamoxifen for 2 years.” An independent and larger
cohort study by the same group also suggested that women
with ER-positive tumors who were homozygous for
CYP2D6"4 revealed no significant difference in DFS
compared with those with CYPZD6*1.*

There may be several reasons for these discrepancies
among the studies showing the positive and negative
associations. As several reviews have pointed out,””
considerable heterogeneity in sample collection or analysis
among the studies described as follows makes it hard to
compare them simply: 1) differences in dosage and duration
of tamoxifen treatment, 2) incompleteness of allele
determination, especially for CYP2D6*5 allele, and most
importently 3) selection of study participants. Several
reports assessed partly these confounding factors. We
reported significant effects of CYP2D6 genotypes on shorter
recurrence-free survival only in patients with the tamoxifen
monotherapy (p = 0.000036) but not in those with the
combination chemotherapy (p = 0.53) as previous publica-
tions support this notion.*” In addition, the importance of
wide coverage of CYP2DG6 alleles was clearly demonstrated
by Schroth et al®® They reported that by incressing
genotyping coverage, HR for RFS and the assodiated power
were increased.

Overall, many reports investigated the association of
CYPZ2D6 genotype and plasma concentration of endoxifen,
and consistently clarified that patients carrying the CYPZD6
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genotype which decreased or impaired CYP2D6 function
showed lower plasma levels of endoxifen than those having
the homozygous wild-type genotype.7'8'lo'm’38’39 ) For associ-
ation with clinical outcome, some, but not all,”*%53 of the
studies showed worse clinical outcome in breast cancer
patients with CYP2D6 variant alleles who were treated with
tamoxifen, 8365456 However, two large  studies
showed no association between the CYP2D6 genotype and
clinical outcome, which has raised concern about the
CYP2D6 genotype as a biomarker to predict tamoxifen
eﬂicacy.”'”’

Genetic Polymorphisms in Other
Drug-metabolizing Enzymes and
Clinical Qutcome of Tamoxifen Therapy

Other CYPs, UGTs and SULTSs are involved in the
metabolism of tamoxifen. Hence, there is a possibility that
genetic variations in these genes may affect the efficacy or
toxicity of tamoxifen therapy. The most important CYP
isoforms are CYP3A4 and CYP3AS5, which are involved
in the metabolism of more than 40% of drugs. Several
polymorphisms in the CYP344 gene have been reported
(http: // www .cypalleles.ki.sc/cyp3ad him), but their con-
tribution may be small due to their low allelic frequencies.
In contrast, genetic polymorphisms, particularly a CYP345*3
allele, define much of the variation of CYP3A5 expression.*”
The frequency of the CYP345 3 allele is higher in Caucasians
(85-95%) than in Asians (74-77%). Although several studies
investigated the association of CYP345*3 with tamoxifen
metabolism or clinical outcome of tamoxifen therapy, no
significant association was observed,1841:43,60,61)

In CYP2C9, which catalyzes 4-hydroxylation of tamoxifen,
more than 30 alleles have been reported (htep: //www.
cypalleles.ki.se/cyp2c9.htm). Among them, CYP2C9*2 and
CYP2C9"3 have been well investigated. These two alleles are
present in approximately 35% of Caucasian individuals, but
are much less common in Asian populations.®? The carriers
of CYP2C9*2 or CYP2C9*3 showed significantly lower
concentrations of endoxifen and 4-hydroxytamoxifen,'®
but no significant association with clinical outcome of
tamoxifen therapy was observed.*¥

For the CYPZCI9 gene, CYP2Ci9%2 and CYP2C19*3 are
null alleles. CYP2C19*2 is observed in 10—20% of Caucasians
and in more than 20% of Asians. In contrast, CYP2C19*3 is
very rare in Caucasians, but is relatively high at 5-10% in
Asian populations. As a result, in Caucasians, the frequency
of PMs related to CYP2C19 is 3%, whereas the PM
frequency in Asian populations is as high as 23%.316)
Recently, a new genetic variant in the promoter region of
the CYP2CI9 gene, CYP2CI9%17, which was associated
with increased CYP2C19 activity in vive (UM phenotype),
was identified.*%* The frequencies of CYP2C19%17 were
reported to be 18-27% in Caucasian populations and 1-4%
in Asians.®%%® Schroth er al. found significant association
with clinical outcome of tamoxifen treatment in carriers of
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CYP2CI9*17,*® but not in the carriers of CYP2C19%2 or
CYP2C19*3.%%9 As to tamoxifen metzbolism, no significant
association was reported in CYP2C19 polymorphisms.'®

Several investigations on SULTIAI®2, which causes
reduced SULT1A1 activity, found no clear association with
tamoxifen eﬁcacy”"‘” nor with tamoxifen metabolism.?*®
Recent reports by Gjerde et al. addressed the association of
the SULTIAI genotype, including copy mumber variation,
with tamoxifen metabolism. !>V They clarified that neither
SULTIAI genotypes nor copy numbers influence the plasma
concentradon of tamoxifen and its metabolites. However,
further analysis which takes into consideraton the “allele
copy number” of SULTIAI is required, as demonstrated in
the case of CYP2D6.575%

Genetic Polymorphisms in Drug Transporters and
Clinical Efficacy of Tamoxifen Therapy

Although the biotransformation of tamoxifen to endoxifen
has been well studied and decumented as described above,
there have been few reports investigating the involvement of
drug transporters in the disposition of tamoxifen and its
active metabolites, 4-hydroxytamoxifen and endoxifen.

ABCBI1 (P-glycoprotein, MDR1) is an ATP-dependent,
efflux transporter with broad substrate specificity widely
appreciated for its role in mediating cellular resistance
to many anticancer agents.m) A number of investigators
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have performed clinical studies to reveal the relationship
between drug pharmacokinetics and ABCBI polymorphisms.
A synonymous single nuclectide polymorphism (SNP)
3435C>T was reported to be associated with higher digoxin
levels after oral administration.”” Several groups performed
screenings for ABCBI polymorphisms.”” These three
SNPs, 1236C>T, 2667G>T and 3435C>T, and their
haplotypes are considered to be important in the ABCB1
function.

Callaghan and Higging reported that tamoxifen directly
bound to ABCB1 and inhibited ABCB1-mediated vinblastine
transport, but cellar accumulation of tamoxdfen itself was
not influenced by ABCB1.”® As supporting this, it was
reported that N-desmethyltamoxifen and 4-hydroxytamox-
ifen as well as tamoxifen were not substrates of this
transporter in the transport assay, although 4-hydroxyta-
moxifen showed some i‘»endencygm Recently, two studies
found that ABCBI1 is involved in the transport of active
tamoxifen metabolites, endoxifen and 4-hydroxytamoxi-
fen.”” In both reports, P-glycoprotein knockout mice
showed a tendency toward higher serum concentration of
endoxifen than wild-type mice although the difference was
not statistically significant, suggesting that ABCB1 does not
play 2 major role in regulating the absorption, distribution or
excretion of endoxifen. With respect to the association with
the clinical outcome of tamoxifen, no single nucleotide
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Fig. 2. Kaplan-ifeier estimates of recurrent-free survival and steady-state plasma concentrations of endoxifen and 4-hydroxytamox-

ifen according to ABCCZ genotype

(A) In 282 patients treated with adjuvant tamoxifen monotherapy, rs3740065 G allele was significantly associated with shorter recurrence-free
survival. (B, C) Steady-state plasma concentrations of endoxifen (B) and 4-hydroxytamoxifen (C) were not significantly different among

rs3740065 genotype groups.
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polymorphism (SNP), which includes the SNPs described
above, showed significant association in our recent report,ag’

ABCC2 (MRP2) plays an important role in the biliary
excretion of conjugated drugs and xenobiotics, and also in
that of some non-conjugated drugs including pravastatin and
methotrexate. Tamoxifen and its metabolites are excreted
into the biliary tract as glucuronides or sulfates,'® However,
there has been no report investigating the involvement of
ABCC2 in the transport of tamoxifen and its active
metabolites. Recent SNP screening for the ABCC2 gene
identified several common SNPs such as —1774delG (*14),
—24C>T (*10) and 1249G>A (*2).5%¥) No functional
significance of 1249G>A causing Val417le has been shown
in vitro,"%® but its in vivo associaion was reported,*
—1774delG and —24C>T are associated with reduction of
its promoter activity.®>*® In our recent study, an intronic
SNP of ABCC2 (rs3740065) was found to be significantly
associated with the clinical outcome of patients with
tamoxifen therapy, whereas this SNP was not associated
with plasma concentration of endoxifen or 4-hydroxytamox-
ifen, suggesting that the contribution of ABCC2 to biliary
excretion of tamoxifen and its metabolites might be limited
(Fig. 2.3 An in vitro study reporting that ABCC?2 was
expressed at higher levels in tamoxifen-resistant breast
cancer cells suggests the possibility that active metabolites of
tamoxifen are transported by ABCC2 from breast cancer
cells.’® As described previously,’*) rs3740065A/G is in
strong linkage disequilibrium (= 0.89) with —1774G/
delG, which was reported to be associated with decreased
ABCC2 promoter activity. Although we believe that
153740065 has potential to predict efficacy of tamoxifen
treatment, further analyses, including replication study and
functional analysis to identify the causative SNP, will be

required.
Conclusion

There have been several reports on the association
of CYP2D6 genotype/phenotype and clinical outcome of
breast cancer patients receiving tamoxifen therapy in
large numbers of subjects. The association results with
tamoxifen metabolism are consistent, but still controversial
in associadon with clinical outcome. Investigation of
the combination of the CYP2D§ genotype and other
genes, which did not affect tamoxifen pharmacokinetics,
may be one of the important approaches to identify
the predicion marker(s) for the clinical efficacy of
tamoxifen.
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& 10.049)

Z D282 I D WTCYPZDGEIET R A H# L
&l A, CYPZDRIETHOEE TAFEDHR
EBE B L 2%, Kaplan-Meierf#f Tt
CYP2D6BInF R B BHREGFHM A E L
BAERL~ (E2; log-rank P=0.00020), Cox}b
Al — Tk, CYP2D6E(E TR % Ofth
DHNFLEIBLLEBRTAURTTCHY . w/V
BLUV/VEBEFHEHTHIRETONY - F I
Fwt/wrl B L TZ R Th4a.44 (95% S FAK AL
1.31-15.00) ¥ X 170.52 (95% MWK, 2.79-
3245) Th-7= (F2),

JKIZABCBI. ABCC2¥ L UABCG2BI{ZF12D
W ltag SNPsEEIRL, 4 XV 72 VOHET
PshR & DR 2 B i- Rt L 7=, Bt L 7251
tag SNPs?® 95 %, ABCCZEIZT M2 SNPs (rs
3740065% & UFrs11190303) . MEFHFE4EFHAR
CERABREARLL (8|36 LUME2 ! logrank
P=0.000203 £ 170.00048), ZH & D2 SNPsid 3k
WHESIREFICD -2 (D'=0.97. r=0.79),
rs3740065 G/GEE LB L 72 & % | rs3740065
A/GE K TA/ABRETONF — F 3352 (95%
BHEKXM. 0.4626.79) %L 1'10.64 (95%ETX
. 1.44-78.88 ; P=0.00017) T& »7 (FE2),
ABCBI1# X U'ABCG2#{Z ¥ Dtag SNPsiz v T°h
LABESMBEERNE LS 5 (logrank P>
0.083 . data not shown),

¥ 5IZABCC2= CYP2DGEIETRIE D A4 b
BORHET oL 25, ZDO0BETFDY 25
TUNLDOBOEEVEMT A0z, BERAE
FHMAERICELS £ -7 (B2 ; log-rank P=



x1 BETR

Total (N = 282)

Characteristic Number of patients (%)
Age at surgery, years

Median 51

Range 311083
Menopausal status

Premenopause 123 (43.6)

Postmenopause 149 {52.8)

Unknown 10 (3.6)
Tumor size, ¢m

<2 159 (56.4)

216 - 106 (37.6)

>5 2(0.7)

Unknown 15 {6.3)
Nodal status

Negative 230 (81.6)

Positive 48 (17.0)

Unknown 4 {(1.4)
ER status "

Positive 208 (73.8)

Negative 25 (8.9)

Unknown 48 (17.3)
PR status

Positive 185 (69.1)

Negative 36 (12.8)

Unknown 51 (18.1)
Her-2

Positive* 5 (1.8)

Negative 97 (34.4)

Unknown 180 (63.8)
Events

No event 241 (85.5)

Locoregional events 9 (3.2)

Distant metastasis events 22 {7.8)

Contralateral breast events 10 {(3.5)

ER, estrogen receptor; PR, progesterone receptor;
Her-2, human epidermal growth factor receptor 2.

* Immunchistochemistry TScore 3+ # Positive &L7=,

§2 CYP2D65 LUFABCCZREF SR BRFUMRLOME (Cox /Y — FIEHT)
Variables Number of patients Numbser of recurrences Hazard ratio® ggs‘% CI! £ value

CYP2D6 0.000036
wit/wit 84 3 1.00 (reference)
wiv 135 20 4.44 (1.31-15,00)
wW 63 18 9.52 (2.79-32.45)
ABCGC?2 rs3740065 0.00017
GG 39 1 1.00 {referencs)
AG 131 14 3.52 (0.46-26.79)
AA 12 26 10.64 (1.44-78.88)
cyP206 + ABCC2 ! ' 0.000000055
’ , 4] 13 0 ‘
4 52 1 ] 1.00 (reference)
2 109 8 4.93 {0.61-39.63)
3 86 23 19.98 (2.69-148.85)
4 22 g 4525 (5.58-366.81)

*Tumor sizeds & fnodal status THELT-,

TCYP2D6 B LUFABCC2 DUADFLIILOEEHERH,
ClI, confidence interval. .
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PREE I ARITIZ LS
FLH A RILE RGO RGO TR

3 ABCCZREFMNlag SNPsE X THS 71 ERTIUHREOER

Chromosomal - Allele” Event Noevent  Minoraliele frequency  Hardy-Weinbarg

SN 1D location” Position In gene T 2 11 12 22 11 12 22 Event Noevent  equilbrump  -o97ankP
rs12288782 101523996 5' upstream region G A 24 15 2 174 61 B 0.23 045 0.83 0.082
52804398 101548624 Intron 7 T A 0 8 3 175 58 8 0.17 0,15 0.062 0.79
r$2756109 101548736 Intron 7 G T 10 22 8 110 102 28 0.48 0.33 0.58 0.0031
32273697 101553805 Exon 10 {lled417val) G A 32 7 1 186 43 2 0.11 0.10 0.89 0.88
1411160261 101556000 intron 11 cC T 32 7 1 188 43 2 0.11 4.10 .89 0.66
rs2002042 101577621 Intron 19 cC T 19 18 4 114 101 26 0,32 0.32 0.66 - G683
rs3740065 101585683 Intron 28 A G 26 14 1 86 117 38 0.20 0.40 0.84 0.00020%
512762549 101610761 3" downstream region G C 12 20 8 100 110 30 Q.45 0.35 Q.08 0.074
rs2862691 101612513 3' downstream region cC T 17 19 5 138 86 17 0.35 0,25 0.48 0.042
rs11598781 101623010 3' downstream region G T 17 18 5 136 80 15 0.35 0.25 0.82 0.036
rs 11190303 101625188 3’ downstream region C T 27 13 0 103 103 34 '0.18 0.36 0.31 0.00048%

*NCBI 36 genome assemblyl=& S 108 R & ToOMBERT,
HUAUMELOBETCH ATy~ FLILEFLLIERRLE,
"HEZ%Y Bonferroni’s correation!Z kU £ RIEEHMIEL , P < 0.00008 (0.05/51) EHEARRELLS,

(A) (B) (©)
] 1.01 e s o 1.01 oo~y 1 @ 1.0 DR e g A
& w”"’a':::_-mx T \m ¥ ", (SR o e
@ 0.8 ‘\ﬁx‘.‘:ﬁ-»m“ g 0.8 \“h"m‘::* o 0.8y e 1..-:‘* "'ﬂqm
£ o6 st % 0.6 < 0.6 T
a8 2 g ~o - O risk atfale (=13} I
g 041 — wime (s § 04) — o6 (mag) § 041 T Tk s ok
5 021 wi/V {nw135) 5 on —— ABG (n=131) 5 0 — — 3 risk slteles (#=B6)
g 0271 . VIV (n=63) g 02) oo AA (n=112) 2 27 4 risk afioles (n=22)
£ g.g{ log-rank = 0.00020 X g g log-rank P = 0.00020 & g1 los-rank P=0.000000083

0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10

Years ' Years Years

H2 4% 71 OBRFHVDREBEFSIEOEE
2EFVT 2 VHEANI K SHENREEZIT TV E2828 DN ARE IR T A EBRAETEE L CYP2D6BIE F8 (A).
ABCC2 rs374006581%F8! (B) 35 X U'CYP2D6+ABCC2 (C) & DB % Kaplan-Melerts T L 7=, trend log-rank#h
THEZEEBRE L,
CYP2DGRIG TR L e, *1, *1-*1; V. *4, *5. *10. *10-*10, *14. *21. *36-*36. *41,

0.000000083), U A2 7 LILOEHN2, 3B LV4 MLy P37z VREOTRER ZHFNI55
DRETIE, ILTORFLHERL T, NF-F B X U27.2ng/mLT & 0, wt/wiB# (35.4ng/mL)
Hi34.93 (95%{S#EX M. 0.61-39.63). 19.98 DTN Th438% B L UT68%TH o7, 4-KE
(95% 15X M. 2.69-148.65) ¥ X 14525 (95% L2 EFV T2 VIOV TERBRDERTH -
{EFEX . 5.58-366.81) TH -7~ (F2), 720 7. ABCC2 rs3740065:8 {5 T8IC1d, Midg

Py FPEI 72 vbBLU4-KBLEEFY 7 2
WEFEREL2TF Y 7 1 CRBMOMBPIRAE VBECTALAERAMERED s hth 57

& O RSERRAR" (Kruskal-Wallis P=0.68% & 1°0.26), & 7=,
CYP2D631 L ABCCZBIZFR L Mg = v ABCC2 rs37400658 {7 BN T 4 £F > 7 2

FUT7 Y BEVLKBE S =X 7 VBREL YEBEIUNBEAFNEEF T 7 2 VIREE B

OBFEARE L (H3), %N & Ao 7 (datanot shown),

MRy P47 2 v BXU4KERLS 5

U7z v BE IS CYP2D6EIETRIBH THRIC % =

EBH -7 (Kruskal-Wallis P=0.0000043% LU AT, IBARSRREREEL L THLS
0.00052), CYP2D6 V/V¥ & Urwt/VEE TOMEE MNBLEFTT7 2 Y OBRTHDRICEE 4 58
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C

g 809 °
E H
? P=0.68
= 80.0 —_—
2
%
% 40.0 T
£
s 20.0
B .
5 L -
g oo . :
AA AG GG
(N=45) (N=41} (N=12}
(D)

12.0 .

P=0.26
10.0

8.0 ‘[-

60

40 é
20f l :

0.0

Trough ptasma 4-OH tamoxifen {ng/imL)

AA AG GG
(N=45) (N=d1} (N=12)

MEEhT> P43 7 20 5 LU4ABES 55 7 x P RE L RETIORE

FEFT 7z (20mg/B) 2RMAENBHLOHALABED QYL FF T2y
BEU4- KB 2T L7 x VBE - CYP2DERIE T (A, C) BEUABCC2
rs3740065@15 78 (B, D) LOBBM AR LA, #€% Y7« v RABEEZICM
WABIL, MBEPLY P+ 7x rBLUL-RBIEZEH P 7 2 V4 HPLC-
TOFMS!Z & b #il5E U7, KruskalWallisB & CTHEZERE L,

CYP2DGBIZTTL : wt, *1, *1-*1; V. *4, *5, *10, *10-*10, *14, *21., *36-*36. *41.

EFHBRUCOOTRET L. 22XV 7 VA
12k AR REBIRE 21T TV 328280804
BEICXARET, CYP2D6BIZTHEIMB L EF
VT OERBENRIIEETAZEEHLNIIL
Fro EBIT, WS ODDEHE TV AE—F -0
Bz MALHEENCHENTLIILICLD,
ABCC2BIZF Drs374006583 4 X%V 7 = v OF
HFREFRICEET S L 2o AII L
CYP2D6BIZFERIZDWTIE, ZThETICw
COMDIN—TTREEF VT 2 VOBEYHFR L
DB EBES
Schroth ef al. DWETIZ, 1325 ORRADF 4
ABEIC K BRI £ 1TV CYP2DEDBERHM %
BT E-RHEI L3 BEFERNELFETIRET

HENTE RN, 200950
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IHEERON, WA, ERETRES
BECEWILAELMILTVSY, KRFIZ
ZHIZROWTEL ORBEAVZERITSH D,
CYP2D6BIZT ERIHF TV T = Y DOBRTFH
RICHBTE I L AR YR LTS, L
ALENS, HETAEREBESh T EY,
ZHICELTIK, ffHBROBE, HELL
CYP2DGBIEFERNBEAEELERATH S T
EEMEAITLTWARY, KRF L HWIT L TR
ELTWAI7TAD A EFV T = VI HBRREE
EFVRE Lz 25, CYPZDEBIETRIE AR
FHiHREOBICERZEEBD oh ks -2,
FELEEAED b hL NI hE COREDITL
AEREEFY T 2y LEREHICK M



WMEET->T0BIerbd, FREHODES 124
EX V7 2 VEBNC K A EBEE A ST TSR

BEHVWDIRETHBILHRBEEIIE?, &5

{2, Schroth et el iZ¥|E$ 2 CYP2D6T L L DFE
AR T I LT, CYPDGBIZFEME ¥ £+
Y7 Yy OBRRTVIIREOBEN L DK
HBIEEWMELTNEY, Ehb37F - 4DEMEN
VETH DS, AL ANRBEEDOREIZCYP2D6
BIEFEROHENAHVOAS LI ESHIET
IEL RS Lhdkn,
CYP2DGBIEFE#RUIHEEL 4 EF L 720D
HRTVHHROFHETFCH 52, CYP2D6#IT
TERDALATRINRTEZHATEIENTEL
W, CYPZD6LIAV T, CYP2C19, CYP3AS,
UGT2B15, SULTIAIBIZTSRIL 4 EF v 7 2
VIRRGIR EOBEARE ST sy K
Bz W 22828 Tk, ZhoDBETERIL
ERBEFHREOBICERLBEEIEY 6
% 7= (data not shown), % I CHERETiL,
PV ANR—F —DBETFEHICFEHL, tag
SNPs# =22 Y — =V %47y, ABCC2:#
BTDA b v /292 FE$ Are3740065% 4 €
FUT 2 VOBBHRLERICHET 52 L 48
EMIZ U7z, ABCCZEBIZTHEIK (¥980kb) %re-
sequence L 7288, rs374006513-1774G/delG
(D' =1.72=0.89) & K UO'Z Dfth5 SNPs & 582 8
AEBTH o 72 (D =1.72>0.80) ,-1774G/delGiZ
in vitroDRET T, ABCC2ORBEA*KT ¥ 5
CENPE A TVEY, 20240 NABREC
BWT, -1774G/delGE 2 =F 0 72 VO BRT
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EEOBETEREITIC L B
FLA A KA TV EREOBEHROTH

BHEISR & DEEARS L& Z A, ra3740065 K
DRPFNLBE & EENED 6Nz (logrank
P=0.0023)%, M EOHER LD, EDcausative
SNPRRIETE T, ABCC2ZORERED
FRAFEFVT 2 VOBRTFHHROETICHE
ELUTWBZ AT XA, ZhE TIZABCC2
NEEFV IV ERBTORBYALGERET S
ERFERL =& A, #EF T 1 Vi
IR L I AMIR CABCC2ASBEIBHT L T
B ENIHEND 59, FRFHER T, ABCC2
BETFLEEZFEXY 7 VB IURBMOME
FREIZIHELELI LY, IBAMETD
B ERRIEELTVWEEDLELIGNS,
CORREZBFOFBIZE»TITE, £F. 20
BEABOENTHRET 2 L NEETH S, &
BIZ, F#MLD T AN LOBELEEZEL DMK
SAERBETHEMN, ¥EXY T 2 YOBERIHL
ROTFHIZBWTHLEENEEDS 5155,
-

FIIRDETIZH), FIREOHREHEX
U 7= B Rk ABRIR SR R B R 120 & 1 4L
HL BT, £/, AMETREOIEIZHH
LTHER L, RELDARZ Y = 701
gEA | GEMNA L Y &2 —FHE - NS IRAERD K
FEZAE, Bl A5 2VEREABIOBEE—:
L OFRFLIEABL 2 ) = v & ORIET SR, FUKR
ERAFE-SNROFRA &L, FRABILE
7Yy PDORBRMEELEZ L OEREFICD
K DREHELET,
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