#2El

€10z (2) %€ IOA

Gr1

#F 1 DPatients

characteristics

Cancer types, N

Stage Platform Source No. samples Female (%) Age (mean=SD) -
Pancreatic Lung Bile duct Others
GWAS
ADR Illumina HumanHap610-Quad BioBank Japan 21 450 64.83+109 12 6 1
non-ADR Tllumina HumanHap610-Quad BioBank Japan 58 418 64087 23 19 10 1
Replication study
ADR Invader assay BioBank Japan, Sapporoc Medical 33 355 64.2+99 28 3 4 3
University, Wakayama Medical Uni-
versity, Kure Kyosai Hospital
non~ADR Invader assay BioBank Japan, Sappore Medical 62 302 64.9+90 36 7 17 2
University, Wakayama Medical Uni-
versity, Kure Kyosai Hospital
ADR : adverse drug events
% 2 Summary of association results of GWAS and replication study
Chro- Chromo- Allele ADR non-ADR P value False Odds ratio
SNP mosome some Gene 172 Stage 11 12 22 RAF 11 12 22 RAF Alleli . . discovery (95%CI) '
Jocation* (visk) elic Dominant Recessive rate 70
rs11141915 9 89425614 DAPKI T/G GWAS 18 3 0 093 21 30 7 062 127x107' L04x107! 180x107! 7.94 (2.32-27.25)
(T) TFollowup 22 11 0 083 23 31 8 062 277x107% 923x107% 473x1072 0.185 3.05 (1.45-641)
Combined 40 14 0 087 44 61 15 062 127x 1075 691x107% £11x1073 410 (2.21-762)
151901440 2 134154429 No gene A/C GWAS 11 3 7 040 31 27 0 023 442x107% 100x107° 401x10°® 6052 (545-632.87)
() Folowup 20 8 5 027 42 19 1 Q17 130x% 107! 505x107! 182x1072 0.655 1089 (1.22-97.64)
Combined 31 11 12 032 73 46 1 020 144x107% 7.39%107' 311x10°° 34.00 (4.29-269.48)
1512046844 1 66010967 PDE4B T/C GWAS 1 5 15 083 12 32 14 052 393x107* 195x1071 167x1071 786 (256-24.12)
() Followup 4 10 19 073 7 34 21 061 150x107' 309x107% 100x10™° 0545 265 (1.11-631)
Combined 5 15 34 077 19 66 35 057 305x107' 456x107% 343x10°1 413 (2.10-814)
511719165 3 196067377 No gene C/T GWAS 9 10 2 067 5 27 26 032 115x1077 349x107% 121x 10’:’* 427 (2.01-9.05)
(c) Followup 9 16 8 052 7 31 24 036 461x107% 178x1077 812x107% 0.741 1.87 (1.02-342)
Combined 18 26 10 057 12 58 50 034 598x1075 326x107% 366x107* 2.60 (1.63-4.14)

RAF, risk allele frequency : CI, confidence interval

*Based on NCBI 36 genome assembly.
Y0Odds ratios were shown for the model with minimum P values.

: GWAS, genome-wide association study.
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7 ) AEEOT—5— SNP (#) (Z2oWTHEPARZ A, ¥z AP ¥ I X HAHHENH & oo
MR ZREMIZ IR L TV b, [ ZLAEDSNP (M) 25F HISHE LIEARD Sk w—KT, »w2hnD
SNP i Wi Atd A W GEPEATVR SN T W 5,

# 3 Prediction scores of gemcitabine-induced sever leukopenia/neutropenia using rs11141915,
rs1901440, rs12046844 and rs11719165

Score ADR, N (%) non-ADR,N (%) Odds ratio (95% CI) General control, N (%)
(N=54) (N=120) P value (N=934)

0 4 (74%) 50 (41.7%) ] 100 (reference) 271 (29.0%)

1 9 (16.7%) 50 (41.7%) : 423 (45.3%)

2 28 (51.9%) 18 (15.0%) 11.97 (5.23-27.37) 194 (20.8%)
6.25x1071°

3 13 (24.1%) 2 (1.7%) 50.00 (10.13-246.90) 46 (49%)
413x%107°

(trend test) 991 (556-17.67)

1.31 x 1074

CI, confidence interval.

TRRT T EDMEREINSL (trend test P=1.31X%
107", EBICHARA—BEREZDRATY V7Y
AT IS TIEO GO0 2 i L8, 04
A$29.0%, 1 5A%45.3%, 2 H705208%, 3 HAT49%IC
LAHTEMREN, TORATYV VTV ATF AR
LY 7 ERIEREHNCISN Y 5 2 & THER O
FrtEds e < & 0 b oy R HfaEIRIc N & %
AU REMEATR S 7 (M 2),

V. & =

bhbiud sy ) A7 4 FEGETICE Y Y=Y
E S & BN RO D B L ER LN DE
mHmeE LT, 9%, 2% 1% 3{HeEMfklodix
%% (SNP) rs11141915, rs1901440, rs12046844,
and rs11719165 # N ZNEE L7z, EHIZZ DD
DRET LM EHAGDE TR THLICED Vs
AV FE LB ERHHHE XD IERICTPNTE ST

RETE AR S 7z

AW BT rsl1141915 kb Y2 Ay € ¥
2 & 2 & s B (P=0.00000127, 4 v Xl
410), #RL7=A, @ SNP iE DAPKI #{zF 3
FHDOA ¥ O v LICHFAET 50 DAPKI #{ET3Y)
> AL O — R T B KA A I B TRl L
TWAIEBHONTWEG, TOMETFEI LTS
Y 2 % LA B & AT S 20 MR D B
TEDRIEINTBY, BREAWEHEN V2LV 5 Y
VX AEHME AT &R T ETEER RN ZH
TWABTREIEVIDEE L 5N 2Y,

F 72, 112046844 13 Y = 2 ¥ ¥ ¥ T X BRI
L DAY P=00000456, 4 v Xt 413 TH - 7298
Z D SNP # &L #IRI2 3 PDE4B#ETFE E L Tw
720 PDE4B G \IMAK G REEHZEO—HTH 575,
FF ek R BLER 72 & CHRERE L T B 1) SSE M o {4 i i
FiHoTWwh, FMiMIcBWTY 24 ¥ E Vit
KBRLTwAZ LS T s 2 L HEFHT 5
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Grade 3 < BREHIA] BlfeEE L HA A — 3R
(N = 54) (N =120) (N =934)
e 1 patient

o 10 patients

R 2 HoOMHEGEEA VT 2 AV 2 C B > X 5 4
4 SNPIZOWTHEE I A7 V2 ) # 4 7OEEHICRCTRIEM ATV 7 LT

B DA,

L, PDE4B Y = b ¥ % ¥ /2 X 2880HIiIc B w
THERERBEUZE TWATHEENEL OIS,
VoAV FEAREIICA DR CELE LA T
A% 527 BB BWT CDA, dCK, SLC28AL,
SLC28A3, SLC29AL1 % L OUERFHPMWBRLTWE S
ERMSNTWAHR W, SEDS ) A7 4 FRHH
FTOED S FHEKEZEX VS RvEd
CEWETELRNPoT. DEY, V2 AYFIELILLB
RO oM ETHMONTVAEVAIZ XA 5
THERIEATVWAMREZRET SO TELW
PEERZENL,
RBIZSHERE SN -OO0/ET SN2 50 RE
WY = A Y7 ¥ 0 & BB R 24T S 2o [k
BHEHT EMRIEEIN, 2HILTOMEODOHETFEE
BHREH BTN AT ALYV v S
VIR AT O BTICE Mo A 7 R EMETE BT
R EZ ONE, TOX IRy AERIZESVE
BOPOREGERISGEI A IV VIS
ZLDIFNDWTHIBAEIN T DEHEZ SN B,

2EX®

1) Mackey JR, Yao SY, Smith KM, et al : Gemcitabine
transport in xenopus oocytes expressing recombi-
nant plasma membrane mammalian nucleoside trans-
porters. J Natl Cancer Inst 91 : 1876-1881, 1999.

2) Ritzel MW, Ng AM, Yao SY, et al. : Molecular identi-
fication and characterization of novel human and
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mouse concentrative Na +-nucleoside cotransporter
proteins (hCNT3 and mCNT3) broadly selective for
purine and pyrimidine nucleosides (system cib). J
Biol Chem 276 : 2914-2927, 2001.

Mackey JR, Mani RS, Selner M, et al. : Functional
nucleoside transporters are required for gemcitabine
influx and manifestation of toxicity in cancer cell
lines. Cancer Res 58 : 4349-4357, 1998,

Plunkett W, Huang P, Gandhi V : Preclinical charac-
teristics of gemcitabine. Anticancer Drugs 6 : 7-13,
1995.

Kiyotani K. Mushiroda T, Tsunoda T, et al. 1 A
genome~wide association study identifies iocus at
10q22 associated with clinical outcomes of adjuvant
tamoxifen therapy for breast cancer patients in Japa-
nese. Hum Mol Genet 21 : 1665-1672, 2012,

Zhang X, Yashiro M, Qiu H, et al.: Establishment and
characterization of multidrug-resistant gastric can-
cer cell lines. Anticancer Res 30 : 915-921, 2010.
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12 : 622-630, 2007.
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Clin Oncol 25 : 32-42, 2007.
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116 : 5325-5335, 2010.
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Prediction of therapeutic efficacy for preoperative chemotherapy

KR E

hE A BB

pCR, anthracycline &, taxane &,

triple negative

32U &I

—HRICEE L BT S B OBRE S E LT
2. BYDOFEND L. RINEROFH 25
7L, 20, SENEEORMEE (LR
%, NAWEE, S TERR), BEINERO
BUTRRBE 21T 9 kL, EYBREETo2%
VR, RERRRRE AT T ANETH A E
BIEErH L5568, BHEOHE, BEVHFE
DHHGE, BENGEREGEL2Y, /2
WRETT 2548, HHIOHESLETH 2.

HEA LR I PRI 2 BN R R BT
LTAT) B NRE § 5720, TEEY V3
TP H L, FLIZEAODBZEHNT &5
VI/NER O T RSB VEINCT ) 2 L%
v I, EEEOREVEHSRABERTEZHE
BT S L bbb,

EIR Aok Fil S
ILFRERIBIC L TCEORE, F9Th
LZON? TOBRIZOVWTEERBOBBEL L
T, (LB E Ry L RS Lk ol
FEO RS, FUEMTRSEOR R S LK
g Bl AR CoOL B, fEE
HIOFEKE, JERES COLBRET, HLER

&, OSEATE, 0FEFERCEZRD, b
BB RE L ELSTER S THD. $7,
BEBERIZBWTY, (LEEEOFAEITHR
WEOHE/, EEFEAFYHOER R ETHEMN
SHTWA, BT, WENAFICBVWTIRILER
DIEE O/ E T OREENIOROHEKE Y
LI ENPL, FORMEEBELITHSL. Ly
b, ENEREHMII, SRNICIORESENICEE
flis5Z&EATEBDT, HEbFRELE
FEBEOFREL T 5 ICERETH 5.

LLiads, IhETOFOHIREL D
FLIED biology IZBRZ <, IAERIICHRD LN
BREH VYA %, B3 3BHCIRY &
7 IEBSRERIC L BB O TH o7z HRICE
REY, REAMENICANTH - 722 L H5FEN
dh, #2956 retrospective 12 ED & 5 RIEIC
A THolohe i+ 5 &, {LFHERANV
EVLETY—(HRBEAE IS L TETD
#8143/ & {, human epidermal growth factor
receptor 2(HER2) B PEILIE 120 L CIZHEI TS
o7z, HREM, HER2ZEMO Wb W 5 triple
negative (TN) JLIEICR L Cid e Ax 2 2 &
bbdro TE

Tousei Ohmura, Goro Kutomi, Koichi Hirata: First Section, Department of Surgery, Sapporo Medical University,

School of Medicine ALIREF K2 SRS 1 HHE

0047-1852/12/ %60/ H/JCOPY
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WTBT{L SR (anthracycline ~based) {Z & B JAFEHN R

NSABP B-18" 743 ACX4 12
NSABP B--27% 784 AC>A4 13.7
Amat &7 517 AC or FAC®4 13
Kuerer & 372 FACX4 12
Dieras & 67 ACK4 10

A: doxorubicin, C: cyclophosphamide, E: epirubicin, F: fluorouracil.

WAL A AT B, BB ol 5
U E B L, @ biology (HR, HER2, Ki67,
A F Fo T AR TY) 2 RS & LT
HohH FOELY, 7% 47 (luninal A,
luminal B, HER2, basal-like type), $ofefiik
ERIZIEBB X Z ENENHREY - HER2
Wa ik, HRBS PEEHER2 B 4 £Ki67 (=15 %),
HR &k - HER2 B, HR &Y - HER2 &
40T, RN T TA X DIk o T,
EEREDO L DA VB EDXHIICT H0E %
(e 5 (order made treatment) & & 2TH fig &
L, FRHPEORE, AMTHELEFNT
BT, BEBXUREEY 2 HIT
BBl 22 o7z, SOOI WTIEE VI, 2
(4). 6) “FIBMLERFIAT D 518 5B IR
MFHET 2BHOZ L, ARTEL IR

A X BIBFNART IO TRERIITE 5.

St. Gallen Oncology Conference td 312 5 # 5L
WMTROERICOVTOI Y Y FASHETH
LA, FORT, V754 7RO RPN % i
{LTWA. luminal A ¥ A 73L& Cifb 30
HONEINS W, BRI WMEED
BATHDH, 722U, V) YHEREBNEWEA
EAEEREOH A S LETH S, luminal B ¥
A T ISR TR MIE S LR HER2
Bz, HER2 MBS A 708 T LSkt

HER2 ##7:, basal-like # A 7 F98 Clab2at
R L Cw A, {LEHEEE anthracycline %
H) & taxane FIEH OO 2 /D TV BY. Hif
PRI ST B IR TS ATATE R T
LRSI N A EH 2D L, WHALFIRED an-
thracycline S 2E#) & taxane SRHEA OO LE H
THbEBbILA.

WHTHAIC B B F05 - s, OEMEN
TOBH OB MESB X CEBREHETES
DT, FHROTMITREL 205, @IWHEIZIER
HEINT AMA, BHEBROBE LR L, @
BRAMOBEITEE B, LhEFHITLNA.
SFTO, RRABROMATIZL Y, WioisHET
MBS R U ORIy 5 2 28%h (pCR) 28 H 1L
P, FOFRIEBONL o GE & K
L, BIFTHo7" 2070, BATIIRTIGR
RIZpCREFONIHEGDOEH LY A VT
BxITH LB v SHITEICE W pCR %
BoENDL VI AVERL o T I EDE
BEThY, BELLA

1) Anthracycline REHI & & A FZilTAi{EF
BmhELD

NSABP B-18 5k Tl 743 SEBIIZ R L CACHE
HEERITV, 12% OFEHIC pCR 2 7:°. NSABP

B-27 iBR T 784 FEHNCH L T ACHREE AT\,

7,
5
2
i
%
B
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R2 MEMLFEE (taxane -based) IZ & D AEHR

Ezzat 5° 126 P+Cx4 23.6
Amat 5" 93 T only x4 20

(near pCR % &ir)
Liedtke 5% 58 T only X4 5

P: paclitaxel, C: cisplatin, T: taxane.

HEHR

NSABP B-27° 805 ACX4—D X4 26.1
JBCRG 017 202 FECX4—DX4 25
GEPARDUO™Y 453 ACX4—D x4 14
MD Anderson 131 wPX12—FACX4 29

127 PX4—FACX4 14
GeparQuattro? 419 ECX4—DX4 23.6
Andre 5% 534 anthracycline—taxane 19
Erap & 110 anthracycline—taxane 12

A: doxorubicin, C: cy'clopﬂhosphamid'e, E éﬁimbicin, D dccetaxei,

P: paclitaxel, F: fluorouracil.

pCREF 137% TH-72% F/z, Amat H"iZ
Stage [-1II @ 517 FEMICHT LT AC 7212 FAC
FEZITV, 13 % DIERIIC pCR 21372, Kuerer
5 i3 Stage 11-1V PRgE L3726 LT
FACHREEIC L Y, 12% DJERIZ pCR 2 15 7.
Dieras S 67 EMIZH L CACHEER TV,
10 % DHEFIC pCR 21372, anthracycline—based
HRTAL S MR T3 1013 % DIEBNIZ pCR 2 3
AT EPTRENS.
2) Taxane REF % & A FHlTaT{bS5EE
(#&2)

Ezzat 5% Stage II-1IIB £ CTE AL & L
126 FE B XF L C paclitaxel+cisplatin ##: ¢
23.6% D pCRZE7z. F72, Amat 571E 93 FEH
IZ taxane RFH & HATHRE LI A, 20
% DFEFIC pCR & 487-. Liedtke 5”13 58 #1112
[Fl# 12 taxane RZEH &5 L7205, pCREWRX
5% Td o7z taxane—based MiA (L HHE: T
5-25%DEMTpCREF/AT EAITELETF
Hansb.

3) Anthracycline REH| 5 LU taxane R
EEGFHOMR{bEEE (R 3)

NSABP B-27 S T B M B 72 2,411 JEH
% ACHREED HAT 9 B & AC 1T docetaxel Z I 2
Fo BT THBMET L7, ACEEX ) ACH
docetaxel #1Z pCR %% 220 72 (13.7 vs 26.1 %)%
JBCRG O1 3B G113 202 SEBI 1 F L C FEC #
1 docetaxel B L7z 25 % OEHII pCR
%157 GEPARDUO HER T 453 FEFNC AC
ik, Bl&HE A Tdocetaxel 2% 5L, 14% D
JEFNIC pCR 2 1%72". MD Anderson &R TId
weekly paclitaxel, FACHEEEIZ LD 29% D
P pCR = #5872, GeparQuattro BER T 419
BN ECHE, docetaxel 5211w, 20
pCREIZ 236 % TH o7 F72, Andre 5™
Stage I-111 @ 534 #EH 2% L T anthracycline
FRHA] & taxane RIH] A GEH L iAnia#
T, 19% OEFIZpCR% 1872 Erap b id
Stage II, LI 110EFI D H 5 12 % DIEHIC
pCRZ#E /2L i L Twh, anthracycline
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# 4 Triple negative (TN) FLIE I ¥ D 5 A0 R

Liedtke & 58 Tx4 12
508 FEC, CAF, ECx4 20
588 TX4—FEC X4 28

Chang 5" 74 D+ CarboX4 26.8

Frasci &% 74 Cis+E-+Px4 62

P: paclitaxel, Cis: cisplatin, T docetaxel or paclitaxe], Carbo: carbo-
plalin, E: epirubicin, D: docetaxel.

il taxane RIEH OGP L D 10-30%

N 0o
oCR &M% L FHCTE 5, BH U
4) 41T triple negative (TN) FLEE I T 3 AT L 2R O IS 2 FLR © staging, Dbiol-
AT EEE (R 4) ogy, BMHEOWR - HELLETHIERLT

Liedtke 5%k taxane OAWBEHET 12 % OFES WL, Zhzfr) H&E BIEITHUTH
12 pCR %1372, anthracycline—based regimen © A & FHENDL LI A VIZ KD EHREITH NE
1220 %, taxane—anthracycline\Z X AWHIEC THhai, T HIECHEIBWER, ROBIH
1328 % DIEHI T pCR #7872, Chang 5274  EIC L 2R N VAZER LS, H#
JEBID TN LG ITH LT docetaxel & carbopla- 12 X B%00L % OFEIEII L, MM oRkE, duk,
tin I- & AHTRTIER 4T o 72468, 26.8%CpCR B %AT 5 LEHH 4. anthracycline SZHEH] &

Ff87:, BT, Frasci 5" cisplain, epirubicin, taxane RFEFIDOFHANEAML VXV TH B,

paclitaxel fFIIZ & 0 62 % L EF TV pCRZ T OWEHFAAITHR, HERZIRFIZE Y R2 b
Bz TNAMRIEAALFRIEIC LD 20-30%  (QIARSI). TN LA TR ESRAZ M55
DpCREW/BH L TEDLETHEIND. L EDLTRPLETD 5.

g 37 R
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Review

Pharmacogenomics toward personalized
tamoxifen therapy for breast cancer

Tamoxifen has been used not only for the treatment or prevention of recurrence in
patients with estrogen receptor positive breast cancers but also for recurrent breast
cancer. Because CYP2D5 is known to be an important enzyme responsible for the
generation of the potent tamoxifen metabolite, ‘endoxifen’, lots of studies reported
that genetic variation which reduced its enzyme activity were associated with poor
clinical outcome of breast cancer patients treated with tamoxifen. However, there
are some discrepant reports questioning the association between CYP2D6 genotype
and clinical outcome after tamoxifen therapy. Dose-adjustment study of tamoxifen
based on CYP2D& genotypes provides the evidence that dose adjustment is useful
for the patients carrying reduced or null allele of CYP2D6 to maintain the effective
endoxifen level. This review describes critical issues in pharmacogenomic studies as
well as summarizes the results of the association of CYP2D6 genotype with tamoxifen

efficacy.

Keywords: ABCCZ ¢ C100rf11 » CYPZDE » dose sdjustment « endoxifen
i -~

* pharmacogenomics » tamoxifen

Tamoxifen has been widely used for the
treatment of patients with estrogen receptor
(ER) positive breast cancer mainly in adju-
vant setting, The clinical benefit of this drug
for the treatment of ER-positive early breast
cancer is evident because recurrence and
mortality rates are reduced by this drug (1.
Tamoxifen therapy for 5 years was reported
to improve the risk of its relapse at least for
15 years, particulacly ER-positive invasive
tumors in premenopausal women {1}. How-
ever, in the result of Adjuvant Tamoxifen
Longer Against the Shorter (ATLAS), the
risk of recurrence during years 5-14 was
greater than 20% in the patients treated with
adjuvant tamoxifen therapy 2. Although
results of many studies are accumulated, the
mechanisms underlying the resistance to this
drug in a subset of the patients are not fully
identified. Tamoxifen is, i a sense. a prodrug
that requires metabolic activation w0 induce
pharmacclogical activits. 4-hydroxytamesi-
fen and endoxifen (4-hydroxv-N-desmethsi-

tamoxifen), which are representative metabo-
lites of tamoxifen, are reported to be active
therapeutic moieties (3. These two metabo-
lites have 100-fold greater affinity to ER and
30- to 100-fold greater potency in inhibiting
estrogen-dependent cell growth compared
with tamoxifen [3-3]. The differences in the
formation of these active metabolites could
affect the interindividual variability in the
response to tamoxifen. CYP2D6 is well
known to be one of the important enzymes
for the generation of 4-hydroxytamoxifen
and endoxifen. Lots of genetic polymor-
phisms of CYP2D6 including alleles that
alter the function and/or amount of the gene
product have been reported (6. CYP2D6 is
usually classified into three groups accord-
ing to the phenotypes: poor metabolizers
{PMs), intermediate metabolizers (IMs) and
extensive metabolizers (EMs). Patients with
two null alleles are classified as PMs of drugs
that are metabolized by CYP2D6 i7-9). The
major null alleles that cause the PMs in Cau-
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casians are CYP2D6*3, CYP2D6*4, CYP2D6*5 and
CYP2D6*6, and account for nearly 95% of the PMs
i10]. Patients classified into PMs have been reported
to have lower plasma levels of endoxifen and poorer
clinical outcomes when treated with tamoxifen [11].
On the other hand, although the frequency of PMs in
Asians is much lower (<1%), the CYP2D6*10 allele,
which causes amino acid substitutions and reduce the
enzymatic activity, has been observed in 40-50% of
Asians (12.3). The influence of CYP2D6*10 to clini-
cal outcome after tamoxifen therapy in adjuvant set-
ting has been investigated 12]. Several research groups
reported that the association of genetic polymorphisms
of CYP2D6 with clinical efficacy of tamoxifen (14-17],
indicating the association with the plasma concentra-
tions of the active metabolites [14.18]. Genotype-guided
dose-adjustment studies for ramoxifen, which showed
steady-state plasma concentrations of tamoxifen and its
metabolites, have been reported to investigate the opti-
mal dosage for each patient with breast cancer [.19.20].
However, some studies showed negative results for the
association between CYP2D6 genotype and response
to tamoxifen [21-23). There may be several reasons for
these discrepant results showing the positive and nega-
tive associations. The mechanism which causes inter-
individual differences in responsiveness to tamoxifen is
not yet fully clarified even if the effects of genetic varia-
tion of CYP2DG were considered. This review com-
ments on several factors that may have influenced the
conclusions of CYP2D6~tamoxifen association stud-
ies. This process may inform some general interpretive
rules around the literature of the association between
CYP2D6 genotype and tamoxifen responsiveness (24].

Metabolic pathway of tamoxifen

Tamoxifen has been known to be metabolized in
liver and gut wall in humans to primary and second-
ary metabolites that exhibit a range of pharmacologic
activity (2526]. Therefore, the differences in systemic
exposure of the active metabolites should contribute to
the variable response of tamoxifen observed in patients
with breast cancer [27]. Tamoxifen can be considered a
prodrug because the parent drug itself does not have
strong affinity for the ER but undergoes extensive
biotransformation into active and inactive metabo-
lites. CYP450 enzymes such as CYP2C9, CYP2C19,
CYP2D6, CYP2B6 and CYP3A are active in this met-
abolic process (Figure 1). 4-hydroxytamoxifen (4-OH
tamoxifen) had been reported to play an important
role as active metabolite of tamoxifen., It has high affin-
ity for ERs and 30- to 100-fold greater potency than
tamoxifen in inhibiting estrogen-dependent breast
cancer cell proliferation (2628, However, another
metabolite of tamoxifen, endoxifen (4-hydroxy-N-

desmethyltamoxifen), was identified (Figure 1) 291, In
the course of the metabolism of tamoxifen to 4-OH
tamoxifen by multiple enzymes, endoxifen is formed
preponderantly by the CYP2D6-mediated oxidation
of N-desmethyl tamoxifen, which is N-desmethylated
by the CYP3A enzyme (Figure 1) (30]. Endoxifen was
reported in the 1980s in humans (29}, however, its role
had remained unknown. Endoxifen, which has high
affinity for ERs and greater potency than tamoxi-
fen, reaches greater than sixfold higher plasma con-
centrations than 4-OH tamoxifen in patients taking
tamoxifen (26]. The hydroxylated metabolites undergo
conjugation by sulfotransferases (SULTS) and/or uri-
dine diphosphate glucuronosyltransferases (UGTs)
(Figure 1) {31-35].

Association of CYP2D6 genotype with its
enzyme activity

The CYP2D6 gene, which is located on chromosome
22, has many genetic variations with greater than 80
major alleles currently known 36]. A subset of the
variations affect the gene product and result in wide
interindividual and ethnic differences in CYP2D6
activity (Table 1) [636]. CYP2DG6 plays a key role in the
biotransformation of many drugs including selective
serotonin reuptake inhibitors, antidepressants, anti-
arrythmics and neuroleptics (37). Some of these alleles
are associated with decreased enzyme activity (e.g., *9,
*10, *17, *41) or null enzyme activity (e.g., ™3, *4, *5,
*6) as shown in Table 1. Largc interindividual and eth-
nic variability in the metabolism of drugs by CYP2D6
suggests the genetic polymorphisms affecting the
enzyme activity and gene expression (38]. The concen-
trations of endoxifen could vary significantly in patients
treated with tamoxifen due to CYP2D6 genetic varia--
tion 1427). An i vitro study, in which breast cancer
cells are exposed to clinically equivalent concentrations
of tamoxifen and its metabolites, reported that ER-ot
degradation and transcription caused by endoxifen
was concentration dependent, with minimal effect at
lower endoxifen concentrations observed in PMs, but
significantly greater effects occurring at concentrations
observed in IMs and EMs (22.39]. These data are con-
sidered to support the theory that endoxifen is one of
the most important tamoxifen metabolites (18], More-
over, a pharmacogenomic study reported that endoxi-
fen concentration varied according to the numbet of
functional CYP2D6 alleles (40).

Effect of CYP2D6 inhibitors on the response
to tamoxifen

Medical drugs, which are metabolized by CYP2D6,
also affect plasma endoxifen level. Concomitant
CYP2D6 inhibitor use during tamoxifen therapy has
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Figure 1. Metabolism of tamoxifen by the CYP450 system. The hydroxylated metabolites undergo conjugation by

SULTs and UGTs.

SULT: Sulfotransferase; TAM: Tamoxifen; UGT: Uridine diphosphate glucuronosyltransferase.

been seen in about 30% of patients with breast cancer
(27]. Many studies have investigated CYP2D6 inhibi-
tory potential of medications. Generally, CYP2D6
inhibitors were classified into weak or moderate (ser-
traline, citalopram, fluvoxamine, etc), and strong
inhibitors (paroxetine, Auoxetine, bupropion, dulox-
etine, etc) (39]. According to the results reported by
Flockhart and colleagues, the SSRI and the selective
norepinephrine reuptake inhibitors, especially strong
inhibitors (Ruoxetine and paroxetine), would be criti-
cal in tamoxifen pharmacogenetics because they are
used in patients with breast cancer to treat hot flashes
and depression (41-44). However; the drugs classified
as weak inhibitors, including sertraline and citalo-
pram, are considered to have little or no impacts on
the tamoxifen treatment {45]. Several groups reported
the effects of concurrent use of CYP2DG inhibitors
with tamoxifen on the risk of the recurrence [46-50).
Fifteen drugs inhibiting CYP2D6 were investigated by
Ahetn ef al., and a null association on breast cancer
recurrence was observed in the patients treated with
tamoxifen i46]. However, the patients co-administrated
with paroxetine were likely to show higher odds ratio
431, Kelly ez al. reported that absolute increases of the

period for concomitant use of paroxetine with tamoxi-
fen were significantly associated with increases in the
risk of death from breast cancer, however, the other
SSRIs did not [47]. Goetz et af. reported the significant
effects of both of CYP2D6G genotype and CYP2D6
inhibitors; however, questions remain in the contribu-
tion of CYP2D6 inhibitors to the results (15}, Further
investigation considering these issues are required,
however, these lines of evidence suggest that concur-
rent use of strong CYP2D6 inhibitors, especially par-
oxetine and possibly the others, should be avoided in
the breast cancer patients treated with tamoxifen (s1].

CYP2D6 genotype & clinical outcome after
tamoxifen therapy

Endoxifen has antiestrogen effect in breast cancer cells
that functions by targeting ER-a for degradation by
the proteasome, blocking ER-a transcriptional activ-
ity and reducing estrogen-induced breast cancer cell
growth [39]. Recently, an explosion of interest has been
seen in the effect of CYP2D6 genotype on clinical out-
comes for breast cancer patients treated with tamoxi-
fen 152). There has been hypothesis that women with a
reduced CYP2D6 enzyme activity, and thus presum-
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Table 1. Genetic variation of CYP2D6 and its enzyme activity.

*1 wild-type Normal
*2 -1584C>G, 1661G>C, 2850C>T, 4180G>C Normal
*3 2549del A Frameshift Inactive
*4 1846G>A; 100C>T Splicing defect tnactive
*5 CYP2D6 deletion CYP2D6 deleted Inactive
*6 1707delT Frameshift Inactive
*7 2935A>C H324P Inactive
*8 1758G>T Stop codon Inactive
*9 2613_2615 delAGA K281del Decrease
*10 100C>T P34S Decrease
*11 883G>C Splicing defect Inactive
*12 124G>A G42R inactive
*14 1758G>A Stop codon Inactive
*15 138_139InsT Frameshift Inactive
*17 1023C>T, 2850C>T T1071; R296C Decrease
*41 2988G>A Decrease

ably low endoxifen concentrations, might have worse
clinical outcomes after tamoxifen therapy; however,
generation of definitive proof of this hypothesis has
been controversial (521,

Many clinical trials as to this association have been
reported until today. One of the first studies was
reported by researchers in Mayo Clinic who deter-
mined CYP2D6 genotype by extraction of DNA from
postmenopausal women treated with 5-year-tamox-
ifen (1s). They reported that carriers of a CYP2D6*
(null of enzymatic activity) had a significancly shorter
time-to-recurrence and relapse-free survival (HR:
1.74; p = 0.017) than those in EMs p1s. Kiyotani ef a/.
reported that CYP2D6 variants which reduce or lack
enzymatic activity were significantly associated with
shorter recurrence-free survival (RFS) in 282 Japanese
patients receiving adjuvant tamoxifen monotherapy
(HR: 9.52; 95% CI: 2.79-32.45; p = 0.000036 in
patients with two variant alleles vs patients without
variant alleles) (14]. However, two retrospective stud-
ies reported that no association was found between
CYP2D6 genotype and the clinical outcomes in 2005
(22,531, Nowell er al. carried out a retrospective study
and reported a trend toward longer overall survival in
a cohort of adjuvant tamoxifen-treated breast cancer
patients with CYP2ZD6* allele 221, A Swedish study
also reported the improved outcomes in patients with
at least one CYP2DG* allele who were treated with
tamoxifen for 2 years after surgical operation [s3].
The other larger cohort by the same group also sug-
gested that women with ER-positive breast cancer who

were homozygous for CYP2D6*f had significantly
improved disease-free survival (DFS) compared with
those with CYP2D6*1 (wild-type) 23.52].

In addition to the above trial, many clinical stud-
ies reported the relationship between CYP2D6 geno-
type and clinical outcome of patients treated with
tamoxifen in adjuvant or metastatic setting (16,18,54-68]
(Table 2). In 2009, Schroth ez 4. subsequently pub-
lished a retrospective analysis of 1325 German and
North American patients with early-stage breast cancer
treated with tamoxifen in adjuvant setting (16]. With a
median follow-up of 6.3 years, the authors observed
that women with reduced CYP2D6 activity (hetero-
zygous for either a reduced activity or null activity
allele: IMs or PMs) had a significantly poor clinical
outcome (HR: 1.4; 95% CI: 1.04-1.9) compared
with EMs 116]. Although PMs were at increased risk of
recutrence compared with their EM counterparts with
a time to recurrence HR of 1.9 (95% Cl: 1.1-3.28),
a significant difference in overall survival was not
observed 16]. In contrast, two large studies, the Arimi-
dex, Tamoxifen, Alone or in Combination (ATAC) and
Breast International Group (BIG) 1-98 trials, for the
relationship between CYP2D6 genotype and clinical
outcome after tamoxifen therapy recently reported that
the relationship has not been confirmed 21691, How-
ever, all of the above studies including ATAC and BIG
198 were retfospective scudies and lack for the uni-
formity in genotyping method, coverage of genotyped
alleles, DNA source and dose of tamoxifen (70.71). Some
authots do not recommend routine use of the CYP2D6
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