wAFF L ZoFE % L2 LT, response rate THIE DS
35% %:fﬁf LT ?%?”35‘7‘)*15%\ time to progression (3
WEVC.2 5 AR L THEED10.6 % B & DRk
O ’ﬁ;{&?‘ﬁ‘” “’“@iu"“ BT TR A @
first lne & LTS il o TR, &5
iz adjuvant & LT, modified FOLFOX627 /754
F o w HERLARE b e %%hFMEmI
Wik, Capeox ik L O MFHFHE L T TR {1
PivTw b, F 7o, HEEEM T 2R R }’/@ [
biThitT w%owmwmh PR AR LT

capecitabine. oxaliplatin £ L T bevacizumab #J%
g7 E 2SS B cetuximab TN A AR
H7 L st T %o #R1E median progression-
free survival TAIE 25107 » Bild LT fai“%f" A
94 % HTHN, MEERERZ2AIFHEL O

AL LAEMES L 2L )R TH o,

SRR/ NPE F N 2 b SR Y R N
G omhnIbeRLTwh, ., <D

WO LEEER 6L,

Ko BT LB AEOE o 5o T v bkl
DA ATH b — . ZO L0, HIKRT
LR AL ﬂ?%%mX&LTwMW&%ik%

WALK LTRERA V87 b o TEBHLTY
Do L LSt o LS AZH LT, i
s 2 EE L b ED 2 HBh v,

RN A CHT 2 MEEERE~ET T

DL BRI P S, BT B IR A
AT DHBERHOR DS F V- %I LTE L,
Interferon(IFN) & LA AFI DI FIZ L . 7R
P ADFE SN LR 2WTIHL TS

Sk

U Cdiffier B. Haioun C, Ketterer N, Engert A et al: Rituximab
tanti-CD 20 monoclonal antibody) for the treatment of
patients with relapsing or refractory aggressive lymphoma:
a multicenter phase II study. Blood. 15:92:1927-1932,
(1598)

Vogel CL, Cobleigh MA, Tripathy D, et al.: Efficacy
and safety of trastuzumab as a single agent in first-line
treatment of HERZ- overexpressing metastatic breast
cancer. ] Clin Oncol. 20:718-726 (2002)

3) Slamon DJ. Leyland-Jones B, Shak S, et al.: Use of

2

PN E e ZT A v BIIFEE O R

BT Do HFEA AL ;tiﬁ“(;az, [ - N A
VA ADOIHEO AR E L, F A A A
THWADLEOEMIZFEL TWd, iz, B
ey b T L AT L 2RI A S B wWvwTid
ORI S 4% (L FHROWEIHB LTS
OBSHAR T H B L@iﬁi”[,f‘,f]’{:,%":ﬁlﬂ’wa Ny
DERAEE LT, I/ is i e 5 Ak wRl{E
oA B RIESR IR & l B o T2V DEREE
FLLN A,

—%, FGFR-1{fbroblast growth factor receptor
“DE, PR AILE VT, BRENTWE T
RS S FOMERICEES LTwhs Z VS
NTVAMMATFEEMFETHL, bitbNlol
NWFTOFCGFR-LIZMT 550 FMH T, in vitro
L Win vivo DWTIUI BT L & FIFATAMIIEIC
Bw T, IFN 0502 L8 FGFR-14%3 & |23
%Wéﬂ%:&ﬁ%bﬁuéotmou@F@Rﬂ
e EP AR E N Ty nZ & if:\
FGFR-) % 4 L 7: f i A g i s & oSl iz,
EHMERH IS L TwA T ARG éﬁr(w
Bo ZOEDIHMIEDE, ».ODIFN &?}LFGFR~1
P g RS 52 &, AR iIvHE 5

AP T BT ORT & l%'ﬂ: SN R
Y AR MG REHRH . I A BRE DT HE 2 B
DEMFREENI, 0L R EMBRAIEE
FGFR-11Z4T9 AfufEe fER L, IFN & DA &
%Y bEFAS ARBRAZ IS B E DA AR OWES &
ToTERW, in vitro B 5 Fm vivo DWW LU
BWTL BRWHIPABRPEO LT Wwa, BITE,

EHIC, ZOMEOERMEm YO S LI ENE T
T>Tvrh,

chemotherapy plus a monoclonal antibody against HERZ for
metastatic breast cancer that overexpresses HER2. N Engl
J Med, 344:783-792 (2001)

4) Marty M, Cognetti F, Maraninchi D, et al.: Randomized
phase II trial of the efficacy and safety of trastuzumab
combined with docetaxel in patients with human epidermal
growth factor recepior 2-positive metastatic breast cancer
administered as first-line treatment: the M77001 Study
Group. J Clin Oncol, 23:4265-4274 (2005)

5) Robert N, Leyland-Jones B, Asmar L. et al. Randomized
phase III study of trastuzumab, paclitaxel, and carboplatin
compared with trastuzumab and paclitaxel in women with

Drug Delivery Systemn  30-1, 2015 23




=

2

HER-2-overexpressing metastatic breast cancer. J Clin
Oncol, 24:2786-2792 (20086)

Joensuu H, Kellokumpu-Lehtinen PL, Bono P, et al: Adjuvant
docetaxel or vinorelbine with or without trastuzumab for
breast cancer. N Engl ] Med. 354:809-820 (2006)
Cunningham D, Humblet Y, Siena S et al. N Engl ] Med,
351:337-345 (2004)

Karapetis CS, Khambata-Ford S, Jonker D], et al: K-ras
mutations and benefi t from cetuximab in advanced
colorectal cancer. N Engl J Med, 359: 1757-1765 (2008)
Van Custem E, Kohne CH., Hitre E et al: Cetuximab and
chemotherapy as initial treatment for metastatic colorectal

13) Allegra CJ, Yothers G, O Connell MJ et al: Initial safety

14) Jolien Tol, M.D.. Miriam Koopman, M.D., Annemieke Cats,

Poid

reports of NSABP C-08: A randomized phase-11I study of
modified FOLFOX6 with or without Bevacizumab for the
adjuvant treatment of patuents with stage 11 or III colon
cancer. ] Clin Oncol 27: 3385-3390(2009)

M.D.et al; Chemotherapy, Bevacizumab, and Cetuximab in
Metastatic Colorectal Cancer. N Engl ] Med, 360:563-72
(2009

Takacka A, Hayakawa S, Yanai I et al.: Integration of
interferon- a / f signalling to p53 responses in tumor
suppression and antiviral defence. Nature, 424:516-523

cancer, N Engl ] Med, 360: 1408-1417 (2009) {2003)
10} Liu L, Cao Y, Tan A, Liao C, Gao F: Cetuximab-based 16) Imai K, Takacka A: Comparing antibody and smail-molecule
therapy versus non-cetuximab therapy for advanced cancer: therapies for cancer. Nature Rev Cancer, 6:714-727 (2006)
Xingiang H. Chundong Y, Chengliu J et al: Ectopic activity

~—

a meta-analysis of 17 randomized controlled trials. Cancer 17

Chemother Pharmacol. 65: 849-861(2010).

} Van Custem E, Peeters M. Siena S et al.: Open-label
phase III trial of panitumumab plus bes( supportive care
compared with best supportive care alone in patients with

of fibroblast growth factor receptor 1 in hepatocytes
accelerates hepatocarcinogenesis by driving proliferation
and vascular endorhelial growth factor-induced angiogenesis,
Cancer Res, 66:1481-1490 (2006)

Sasaki S, Ishida T, Toyota M et al: Interferon-a / f and
anti-fibroblast growth factor receptor 1 monoclonal antibody
suppress hepatic cancer cells in vitro and in vivo. PLoS One.
5219618 (2011)

b

chemotherapy- refractory metastatic colorectal cancer. J 18
Clin Oncol, 25:1658-1664 (2007)

Hurwitz H, Fehrenbacher L, Novotny et al: Bevacizumab

plus irinotecan, flusrouracil, and leucovorin for metastatic

colorectal cancer. N Engl J Med., 350:2335-2342 (2004)

12

hind

R

S

2

2 Drug Delivery Svseem S0-1 2015

207




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 CYP2D6 is known to be an important enzyme responsible for the
generation of the potent tamoxifen metabolite, ‘endoxifer’, 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 dinical outcome after tamoxifen therapy. Dose-adjustment study of tamoxifen
based on CYP2D6 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: ABCC2 ¢ C100rf1] ¢ CYP20D6 » dose adiustment e endoxifen

s 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 111
Tamoxifen therapy for 5 years was reported
to improve the risk of its relapse at least for
15 years, particularly 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 (1. 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, in a sense, a prodrug
that requires metabolic activation to induce
pharmacological activity. 4-hydroxytamoxi-
fen and endoxifen {4-hydroxy-N-desmethyl-

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 (5]. 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 17-9]. 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
110}, Patients classified into PMs have been reported
to have lower plasma levels of endoxifen and poorer
clinical outcomes when treated with tamoxifen {111,
On the other hand, although the frequency of PMs in
Asians is much lower {<19%), the CYP2D6%10 allele,
which causes amino acid substitutions and reduce the
enzymatic activity, has been observed in 40-50% of
Asians (12131, 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 f14-17],
indicating the association with the plasma concentra-
tions of the active metabolites (14.18). Genotype-guided
dose-adjustment studies for tamoxifen, 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 9,19.20].
However, some studies showed negative results for the
association between CYP2DG6 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 CYP2D6 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 12526, Therefore, the differences in systemic
exposure of the active metabolites should contribute ro
the variable response of tamoxifen observed in patients
with breast cancer {271. 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, CYP2Cl19,
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 (26281, However, another
metabolite of tamoxifen, endoxifen (4-hydroxy-N-

desmethyltamoxifen), was identified (Figure 1) 291, In
the course of the merabolism of tamoxifen to 4-OH
tamoxifen by multiple enzymes, endoxifen is formed
preponderantly by the CYP2DG-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 (291, 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) (s36]. CYP2D6 plays a key role in the
biotransformation of many drugs including selective
serotonin reuptake inhibitors, antidepressants, anti-
arrythmics and neuroleptics (371, 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. Large interindividual and eth-
nic variability in the metabolism of drugs by CYP2D6
suggests the genetic polymorphisms affecting the
enzyme activity and gene expression [381. The concen-
trations of endoxifen could vary significantly in patients
treated with tamoxifen due to CYP2D6 genetic varia-
tion {14.27]. An in vitro study, in which breast cancer
cells are exposed to clinically equivalent concentrations
of tamoxifen and its metabolites, reported that ER-a
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 122,39, 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 vatied according to the number of
functional CYP2D6 alleles 1401

Effect of CYP2D6 inhibitors on the response
to tamoxifen

Medical drugs, which are metabolized by CYP2DG,
also affect plasma endoxifen level. Concomitant
CYP2D6 inhibitor use during tamoxifen therapy has
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4-hydroxy TAM -

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, fluoxetine, bupropion, dulox-
etine, etc) [391. According to the results reported by
Flockhart and colleagues, the SSRI and the selective
norepinephrine reuptake inhibitors, especially strong
inhibitors (Auoxetine 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 (451, Several groups reported
the effects of concurrent use of CYP2D6 inhibitors
with tamoxifen on the risk of the recurrence {46-s0}.
Fifteen drugs inhibiting CYP2D6 were investigated by
Ahern ef 2/, and 2 null association on breast cancer
recurrence was observed in the patients treated with
tamoxifen j46;. However, the patients co-administrated
with paroxetine were likely 10 show higher odds ratio
143}, Kelly ¢r 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 4l. reported the significant
effects of both of CYP2D6 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 fs11,

CYPZD6 genotype & dinical outcome after
tamoxifen therapy

Endoxifen has antiestrogen effect in breast cancer cells
that functions by targeting ER-0 for degradation by
the proteasome, blocking ER-a. transcriptional activ-
ity and reducing estrogen-induced breast cancer cell
growth (391, 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 521, There has been hypothesis that women with a
reduced CYP2D6 enzyme activity, and thus presum-
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of CYP2D6

*f W%id»éype Nbrmal
*2 -1584C>G, 1661G>C, 2850C>T, 4180G>C Nérﬁ}al
*3 2549del A ?Eameshiﬁ !naétﬁve
*4 1846G>A; 100C>T Splicing defect ibéycﬁ;le
*5 CYP2D6 deletion CYP2D6 deleted Inactive
*6 1707delT Frameshift Inactive
*7 2935A5C H324P Inactive
*8 1758G>T Stop codon Inactive
*9 2613_2615 delAGA K281del Decrease
*70 100C>T P345 Decrease
*11 883G>C Splicing defect Inactive
*12 124G>A GAZR Inactive
*14 1758G>A Stop codon Inactive
*15 138_1391nsT 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 (s2).

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 11s). They reported that carriers of a CYP2D6*4
{null of enzymatic activity) had a significantly shorter
time-to-recurrence and relapse-free survival (HR:
1.74; p = 0.017) than those in EMs {15]. Kiyotani ez al.
reported that CYP2DG6 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: 9.525 95% CI: 2.79-32.45; p = 0.000036 in
patients with two variant alleles vs patients withour
variant alleles) 114]. However, two retrospective stud-
ies reported that no association was found between
CYP2D6 genotype and the clinical outcomes in 2005
(22531 Nowell et 2l carried out a retrospective study
and reported a trend toward longer overall survival in
a cohort of adjuvant tamoxifen-treated breast cancer
patients with CYP2D6* allele 221, A Swedish study
also reported the improved outcomes in patients with
at least one CYP2D674 allele who were treated with
tamoxifen for 2 years after surgical operation (53).
The other larger cohort by the same group also sug-
gested that women with ER-positive breast cancer who

were homozygous for CYP2D6*4 had significantly
improved disease-free survival (DFS) compared with
those with CYP2D6*] (wild-type) (23521,

In addition to the above trial, many dinical 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 et al. subsequently pub-
lished a retrospective analysis of 1325 German and
North American patients with early-stage breast cancer
treated with tamoxifen in adjuvant setting pisl. Wich 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 (16, Although PMs were at increased risk of
recurrence compared with their EM counterparts with
a time to recurrence HR of 1.9 (95% CI: 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 i21.69. How-
ever, all of the above studies including ATAC and BIG
1-98 were retrospective studies and lack for the uni-
formity in genotyping method, coverage of genotyped
alleles, DNA source and dose of ramoxifen (70,71, Some
authors do not recommend routine use of the CYP2D6

250

Pharmacogenomics (2015) 16(3) 212

futire science group




Pharmacogenomics toward personaiized tamouifen therapy Tor breast cancer

test until robust confirmatory data are available from
adequately powered prospective trials (72731,

Recently, as a result of meta-analysis on data from
4973 tamoxifen-treated patients, the International
Tamoxifen Pharmacogenomics Consortium (12 glob-
ally distributed sites) reported thar CYP2D6 poor
metabolizer status was associated with poorer invasive
DFS using strict inclusion criteria {IDFS: HR: 1.25;
95% CI: 1.06, 1.47; p = 0.009) (17]. The potential role
of CYP2D6 genotype assessment in determining if the
patients with ER-positive breast cancer should receive
tamoxifen is still controversial. Prospective studies are
necessary to establish if genotype-guided personalized
tamoxifen therapy improves clinical outcomes of the
patients with ER-positive breast cancer 17].

Dose-adjustment study of tamoxifen based
on {YP2D6 genotypes

The breast cancer patients who are heterozygous and
homozygous for decreased function and null alleles of
CYP2D6 are reported to show lower plasma concentra-
tions of endoxifen and 4-hydroxytamoxifen compared
with patients with homozygous wild-type allele 27,
resulting in worse clinical outcome in tamoxifen ther-
apy. Kiyotani ez 2/. reported tamoxifen dose adjustment
study using 98 Japanese breast cancer patients, who
had been taking 20 mg of tamoxifen daily as adjuvant
setting 119]. In their study, dosages of tamoxifen were
increased to 30 and 40 mg/day for the patients who have
one or no normal allele of CYP2DG, respectively. In the
patients with CYP2D6*1/%10 and CYP2D6710/*10,
the plasma endoxifen levels after dose increase were
1.4- and 1.7-fold higher, respectively, than those before
the increase (p < 0.001) (191. These plasma concentra-
tions of endoxifen achieved similar level of those in
the CYP2D6 wild-type patients receiving 20 mg/day
of tamoxifen. In addition, they showed that the inci-
dence of adverse events was not significantly different
between before and after dose adjustment, and con-
cluded that their study provided the evidence that dose
adjustment could be useful for the patients carrying
CYP2D6*10 allele to maintain the effective endoxifen
level. Similar genotype-guided tamoxifen dosing study
was reported [9.201. Irvin et 2/, also showed the similar
results, and the feasibility of genotype-driven tamoxi-
fen dosing and demonstrates that doubling the tamoxi-
fen dose can increase endoxifen concentrations in IM
and PM patients 19,

Possible genetic markers for clinical
response to tamoxifen

As shown in Figure 1, UGTs, SULTs and the other
CYPs are involved in the merabolism of tamoxifen.
Some reports suggest that genetic variations in these

genes may affect the efficacy or toxicity of tamoxifen
therapy (14222776-79]. Several genetic polymorphisms
are reported in SULTIAI, and some investigations
on SULTIAI*2, which causes decreased SULTIAL
activity, failed to find association with tamoxifen effi-
cacy (2380]. Genetic polymorphisms in the CYP344
have been reported, however, their contribution to
influence the tamoxifen metabolism might be small
because of their low allelic frequencies. On the other
hand, CYP3A45%3 allele is known to influence to
CYP3A5 expression level [s1]. Several studies inves-
tigated the association of CYP34573 with tamoxifen
metabolism or clinical outcome of tamoxifen therapy,
however, none of them report their significant associa-
tion [27.74-76.81-831. CYP2C19*2 and CYP2CI9*3 are
known to be null allele, and CYP2C19*17, which is
recently identified genetic variation and located in pro-
moter region of this gene, is associated with increased
CYP2C19 activity (UM phenotype) 177.78]. The signifi-
cant association with clinical outcome after tamoxifen
treatment was found in CYP2C19*17 carriers, but not
in CYP2CI9*2 nor *3 carriers (77781, ABCC2 plays
an important role in the biliary excretion of conju-
gated drugs and xenobiotics (84.85]. Tamoxifen and
its metabolites are excreted into the biliary tract in
liver as glucuronides or sulfates [s]. In a recent study,
an intronic SNP in ABCC2 was found to be signifi-
cantly associated with the clinical outcome of breast
cancer patients treated with tamoxifen, however, this
SNP was not associated with plasma concentration
of endoxifen or other metabolites [14). This suggests
that the contribution of ABCC2 to biliary excretion
of tamoxifen and its metabolites might be limited. A
genome-wide association study for clinical outcome
of the breast cancer patients treated with tamoxifen
was reported 1791, In this study, 240 patients were ana-
lyzed by genome-wide genotyping, and 105 and 117
cases were used for replication studies as independent
cohorts, respectively. Out of 15 SNPs which showed
significant associations with recurrence-free survival
in genome-wide association study stage, rs10509373 in
Cl0orf11 gene on 1022 was significantly associated
with tamoxifen efficacy in the two independent rep-
lication stages {79}, Although further validation stud-
ies and functional analysis would be required to verify
their results, CI0orf11 could be a promising genetic
marker to predict the clinical outcomes of patients
receiving tamoxifen therapy [79].

Conclusion

There have been several reports on the association
between CYP2D6 genotype and clinical outcome or
tamoxifen metabolism in breast cancer patients treated
with tamoxifen. The results of the association studies
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Table 2. Studies e\)aiuating association of CYP2D6 genot

Positive

Negative

Goetz et al.
Goetz et al.
Schroth et al.
Newman et al.
Kiyotani et al.

Xu et al.

Schroth et al.
Kiyotani etal.
Ramon et al.
Park et al.
Thompson et al.
Teh et al.
Sirachainan et al.
Damodaran et al.
Goetz et al.

Province et al,

Wegman et al.
Nowell et al.
Wegman et al.

Okishiro et al.
Stingl et al.
Kiyotani et al.
Abraham et al.
Lash et al.
Park et al.

Rae et al.
Regan et al.

Al reports were retrospective studies.
'RES was defined as time from surgery o randormization to diagnosis of the recurfence of breast cancer Jocoregional, distant metastass and contralateral breast evenits). DFS was defined as time from surgary
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Pharmacogenomics toward persenalized tamoxifen therapy for breast cancer

of tamoxifen metabolism with CYP2D6 genotype are
consistent in most of the studies, however, the resules
of the association studies of tamoxifen efficacy with
CYP2D6 genotype are still controversial. Although
there might be several reasons for these controversial
results, well-designed prospective studies will dlarify if
CYP2D6 genotype test could improve the outcomes of
women with ER-positive breast cancer. Moreover, the
combined genetic test of CYP2D6 with a few predictive
genetic markers may provide new insights into personal-
ized selection of hormonal therapy for the patients with
breast cancer. The potent CYP2D6 inhibitors includ-
ing paroxetine should be avoided in the breast cancer
patients receiving tamoxifen as alternative treatment
should be available in most cases.

Future perspective

The dose-adjustment studies based on the CYP2D6
genorypes showed that the increase of tamoxifen dose
was able to increase the plasma endoxifen level, and
expected to improve the prognosis of the tamoxifen-
treated patients with reduced CYP2D6 genotype [s.19].
A large-scale prospective study will clarify whether
the dose-adjustment strategy could improve tamoxi-
fen therapy in breast cancer patients. Although there
are some discrepant reports questioning the associa-

tion between CYP2D6 genotype and clinical outcome
after tamoxifen therapy, one of the largest meta-anal-
ysis performed by International Tamoxifen Pharmaco-
genomics Consortium reported that CYP2D6 could be
a strong predictor of invasive DFS using strict inclu-
sion criteria (postmenopausal women with ER-posi-
tive breast cancer receiving 20 mg/day tamoxifen for
5 years). In either case, prospective studies are essen-
tial to finally conclude if genotype-guided selection
of tamoxifen therapy improves clinical outcomes of
women with ER-positive breast cancer. If the resules
will show the positive association of CYP2D6 genotype
with clinical outcome of tamoxifen-treated patients,
US FDA may approve and recommend routine use of
the CYP2D6 genotype test for personalized tamoxifen
therapy in adjuvant or metastatic breast cancer setting.
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Executive summary s

« Tamoxifen treatment reduced the risk of breast cancer relapse for at least 15 years, particularly estrogen
receptor positive invasive tumors in premenopausal women.

= CYP2D6 is known to be a key enzyme to generate one of the potent tamoxifen metabolites, endoxifen.

« Although there are some discrepant reports questioning the association between CYP2D6 genotype and
clinical outcome after tamoxifen therapy, the highest level of evidence to test the CYP2D6~tamoxifen
hypothesis will come from larger scale prospective clinical trials.

« Combined analysis of newly identified genetic marker{s) with previously identified ones, CYP2D6, ABCC2 and
so on, might be useful to predict the clinical outcome of patients receiving tamoxifen therapy.
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