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The clinical outcomes of breast cancer patients treated with
tamoxifen may be influenced by the activity of cytochrome P450
2D6 (CYP2D6) enzyme because tamixifen is metabolized by
CYP2D6 to its active forms of antiestrogenic metabolite, 4-
hydroxytamoxifen and endoxifen. We investigated the predictive
value of the CYP2D6* 10 allele, which decreased CYP2D6 activity, for
clinical outcomes of patients that received adjuvant tamoxifen
monotherapy after surgical operation on breast cancer. Among 67
patients examined, those homozygous for the CYP2D6*10 alleles
revealed a significantly higher incidence of recurrence within
10 years after the operation (P =0.0057; odds ratio, 16.63;
95% confidence interval, 1.75-158.12), compared with those
homozygous for the wild-type CYP2D6*1 alleles. The elevated
risk of recurrence seemed to be dependent on the number of
CYP2D6* 10 alleles (P = 0.0031 for trend). Cox proportional hazard
analysis demonstrated that the CYP2D6 genotype and tumor size
were independent factors affecting recurrence-free survival.
Patients with the CYP2D6* 10/* 10 genotype showed a significantly
shorter recurrence-free survival period (P = 0.036; adjusted hazard
ratio, 10.04; 95% confidence interval, 1.17-86.27) compared to
patients with CYP2D6*1/*1 after adjustment of other prognosis
factors. The present study suggests that the CYP2D6 genotype
should be considered when selecting adjuvant hormonal therapy
for breast cancer patients. (Cancer Sci 2008; 99: 995-999)

Tamoxifen has been widely used for the treatment and
prevention of recurrence for patients with estrogen receptor
(ER)—positive breast cancer. The clinical benefit of this agent
for the treatment of ER-positive early breast cancer is evident
by the eminent reduction of recurrence and mortality rates.!?
However, 30-50% of patients with adjuvant tamoxifen therapy
experience relapse and subsequently die of the disease.!-?
Despite decades of research, the mechanisms underlying the
ineffectiveness to a subset of the patients are not fully
understood.

Tamoxifen is a prodrug that requires metabolic activation to
elicit its pharmacological activity. It has been reported that its
metabolites, 4-hydroxytamoxifen and 4-hydroxy-N-desmethyl-
tamoxifen (endoxifen), are the active therapeutic moieties.
Compared with the parent drug, these two metabolites have 100-
fold greater affinity to ER and 30- to 100-fold greater potency
in suppressing estrogen-dependent cell proliferation.® Thus,
interindividual differences in the formation of these active
metabolites could be one of important factors affecting vari-
ability in the response to tamoxifen. Cytochrome P450 2D6
(CYP2D6) is one of the key enzymes for the generation of 4-
hydroxytamoxifen and endoxifen.® In the CYP2D6 gene, many
polymorphisms including alleles that alter the function and/or
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amount of the gene product have been reported (http://
www.cypalleles.ki.se/cyp2d6.htm). Subjects with two null alle-
les are classified as poor metabolizers (PMs) of drugs that
are metabolized mainly by CYP2D6, and 5-10% of Caucasians
are considered to be PMs.” The CYP2D6*3, CYP2D6%4,
CYP2D6*5, and CYP2D6*6 are major null alleles that cause the
PM phenotype and account for nearly 95% of the PMs in Cau-
casians.® Patients classified as PM were reported to have lower
plasma levels of endoxifen and poorer clinical outcomes when
treated with tamoxifen.®'” Although the frequency of PMs in
Asians is much lower (only <1%),"'? the CYP2D6*10 allele,
which causes amino-acid substitutions in the gene product and
results in instability of the protein, has been observed as a fre-
quency of 40-50%."*'Y However, the effects of CYP2D6*10 on
the clinical outcome of adjuvant tamoxifen therapy have not yet
been investigated. In this study, we evaluated the association of
CYP2D6*10, common in the Asian population, with clinical
outcome of tamoxifen therapy.

Materials and Methods

Patients. Among 1764 patients who were pathologically
diagnosed with breast cancer and received surgical treatment
between 1986 and 2006 at Tokushima Breast Care Clinic, 468
patients were received adjuvant monotherapy of tamoxifen. The
patients who came to Tokushima Breast Care Clinic from
September to November in 2007 were registered in this study
according to the following criteria: (1) they received adjuvant
monotherapy of tamoxifen without any chemotherapy, (2) they
were ER and/or progesterone receptor (PR) positive, (3) they
gave written informed consent. The consecutive 72 patients that
participated in this study had been treated with tamoxifen at
a dose of 20 mg/body/day for 5 years. We excluded 5 ductal
carcinoma in situ (DCIS) samples from the 72 samples and used
67 invasive breast cancer samples for the analysis. No patient
received selective serotonin reuptake inhibitors. The nuclear
grade and status of ER, PR, and Her-2 expression in breast
cancer cells were investigated in 53 patents whose paraffin-
embedded tissues were available. ER and PR statuses were
evaluated by immunohistochemistry according to the Allred
system.!" The cut-off for Her-2 overexpression was defined
as 3+ stained in immunohistochemistry.'® Nodal status was
determined according to the International Union Against Cancer
tumor-node-metastasis classification. Nuclear grade was classified
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by the criteria of National Surgical Adjuvant Study of Breast
Cancer. This study was approved by the Ethical Committee at
the Institute of Medical Science, the University of Tokyo,
Tokyo, Japan.

Genotyping. Genomic DNA was extracted from peripheral
whole blood of each patient using Qiagen DNA extraction
kit (Qiagen, Valencia, CA, USA). The alleles of CYP2D6%4,
CYP2D6%S5, CYP2D6*6, CYP2D6*10, CYP2D6%*14,
CYP2D6*18, CYP2D6*21, and CYP2D6*41 were genotyped
using multiplex polymerase chain reaction (PCR)-based Invader
assay and TagMan assay as reported previously.!™'® Briefly, we
used TaKaRa Ex Taq HS (TaKaRa Bio, Shiga, Japan) for PCR
amplification using specific primers for the CYP2D6 gene. PCR
was performed on GeneAmp 9700 (Applied Biosystems, Foster
City, CA, USA) with a reaction volume of 10 uL. The PCR
condition was initiated at 95°C for 2 min followed by 35 cycles
at 95°C for 15 s and 68°C for 4 min. After PCR, the products
were diluted up to 10-fold and used as templates for the Invader
assay. The fluorescent signal was detected using ABI prism
7900HT (Applied Biosystems).

End point and statistical analysis. Recurrence-free survival
period was defined as the period between surgical treatment to
the recurrence of a breast cancer (i.e. local or distant recurrence,
or contralateral breast cancer). Patients without recurrence were
censored at the date of the last follow-up inquiry. We calculated
risk estimates of an association between genotype and recur-
rence. An association between genetic variants of the CYP2D6
and clinical benefit after 10 years was tested with Fisher’s exact
test. The trends of association between CYP2D6 genotype and
the incidence of recurrence were estimated with Cochran—
Armitage test. Recurrence-free survival was analyzed by
CYP2D6 genotype using Kaplan—Meier methods. Statistical
significance of a relationship between outcome and genetic
polymorphism was assessed by log-rank test. Cox proportional
hazard analysis was used to identify significant prognostic
clinical factors and to test for an independent contribution of
genetic factors to the outcome variable. The significant subsets
of variables in the univariate analysis were used in the
multivariate analysis. Statistical analyses were carried out
using StatView software version 5.0 (SAS Institute, Cary,
NC, USA).

Results

Patient characteristics. Table 1 shows the characteristics of 67
patients received adjuvant tamoxifen therapy. Their median age
at the time of surgery was 50 years old (range, 34-82 years),
and the median follow-up period was 8 years (range, 1.6—
21.6 years). The numbers of pre- and postmenopausal patients
were 35 and 32, respectively.

Genotype frequency. We examined DNAs of 67 invasive
breast cancer patients for the CYP2D6*1, CYP2D6%4,
CYP2D6%5, CYP2D6%*6, CYP2D6*10, CYP2D6%*14,
CYP2D6*18, CYP2D6%*21, and CYP2D6*41 alleles (Table 2).
The allele frequency of CYP2D6*I10 was calculated to be
41.8%. Seven patients carried the CYP2D6*5 heterozygous
variant, indicating its allele frequency to be 5.2%. There
was one heterozygous patient for each of the CYP2D6%4,
CYP2D6*21, or CYP2D6*41 allelles. No CYP2D6%6,
CYP2Do6*14, and CYP2D6*18 allele was observed in this test
population. We then focused on patients with the CYP2D6*10/
*10, CYP2D6*1/*10, and CYP2D6*1/*1 genotypes for the
following analysis because the frequencies of the other alleles
were too low to be analyzed.

Associations between genotype and clinical outcome. Patients
with the CYP2D6*10/%10 genotype revealed a significantly
higher incidence of recurrence than those with the CYP2D6*1/
*] genotype (P = 0.0057; odds ratio, 16.63; 95% confidence

996

Table 1. Characteristics of patients

Total (N =67)

Characteristic Number of patients (%)

Age at surgery, years

Median 50

Range 34-82
Menopausal status

Premenopausal 35 (52.2)

Postmenopausal 32 (47.8)
Tumor size, cm

<2 41 (61.2)

2-5 26 (38.8)
Nodal status

n0 48 (71.6)

ni 19 (28.4)
Nuclear grade

1 36 (53.7)

2 9 (13.4)

3 8 (11.9)

Unknown 14 (20.9)
Estrogen receptor status’

<2 3 (4.5)

3-6 19 (28.4)

>7 31 (46.3)

Unknown 14 (20.9)
Progesterone receptor status’

<2 7 (10.4)

3-6 29 (43.3)

>7 17 (25.4)

Unknown 14 (20.9)
Her-2

Positive* 3 (4.5)

Negative 48 (71.6)

Unknown 16 (23.9)

*Estrogen receptor and progesterone receptor statuses were shown as
Allred score by immunohistochemistry.
*Score of 3+ in immunohistochemistry.

Table 2. Genotype frequency of CYP2D6

CYP2D6 genotype N (%)
*1/*1 20 (29.9)
*1/%a 1(1.5)
*1/*5 4 (6.0)
*1/*10 23 (34.3)
*5/*10 2 (3.0
*5/%41 1(1.5)
*10/*10 15 (22.4)
*10/*21 1(1.5)

interval, 1.75-158.12; Table 3) or the combined patient group
carrying at least one CYP2D6*1 allele (CYP2D6*1/*1 + *1/
*10) (P =0.0079; odds ratio, 6.65; 95% confidence interval,
1.68-26.38). The tendency of an increase of the incidence
of recurrence by an increase of the number of CYP2D6*10
alleles (P = 0.0031 for trend) was also observed. Kaplan—Meier
estimates indicated the significantly shorter recurrence-
free survival for patients with CYP2D6*10/*10 than those
with CYP2D6*1/*] or those with CYP2D6*1/*1 + *1/*10
(P =0.0031 or P=0.0010; Fig.1). In the univariate Cox
proportional hazard analysis for recurrence-free survival,
CYP2D6 genotype (¥10/*10 versus *1/*1) and tumor size were
considered to be significantly associated factors (Table 4). In the
multivariate analysis with the significant parameters in the
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Table 3. Risk of recurrence within 10 years for the CYP2D6 genotype in breast cancer patients treated with tamoxifen

No event, N (%) Event®, N (%)

versus *1/*1 versus *1/*1 + *1/*10

CYP2D6 genotype

(N = 46) (N=12) P-value Odds ratio [95% Cl] P-value 0Odds ratio [95% Cl]
*1/*1 19 (41.3) 1(8.3) —* 1.00¥ - 1.00*
*1/*10 19 (41.3) 4 (33.3) 0.35 4.00 [0.41-39.18]
*10/*10 8 (17.4) 7 (58.3) 0.0057 16.63 [1.75-158.12] 0.0079 6.65 [1.68-26.38]

'Recurrent site.
*1/%1: one local.
*1/*10: one contralateral breast, three regional lymph nodes.

*10/*%10: one local, two contralateral breast, three regional lymph nodes, one osseous, and pulmonary.

*Reference category.
Cl, confidence interval.
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Fig. 1. Kaplan-Meier estimates of recurrence-free survival rate for
patients with the CYP2D6*10 genotype. (a) Comparison among
CYP2D6*1/*1, *1/*10 and *710/*10 patients. (b) Comparison between
CYP2D6*1/*1 + *1/*10 and *10/*10 patients.

univariate analysis, the CYP2D6 genotype still remained an
independent indicator of recurrence after adjustment for tumor
size (P = 0.036; adjusted hazard ratio, 10.04; 95% confidence
interval, 1.17-86.27 for CYP2D6*10/*10).

Kiyotani et al.

Discussion

Some years of adjuvant tamoxifen treatment substantially
improves the 10-year survival of women with ER-positive
tumors (including unknown ER status), with the significant
reductions in breast cancer recurrence and in mortality.!"
Although aromatase inhibitors (Als) have demonstrated their
superiority to tamoxifen as an adjuvant therapy for early breast
cancer in postmenopausal women, there are some reports
indicating that Als are associated with a higher risk of
osteoporosis than tamoxifen."®?® In addition, the cost of
tamoxifen therapy is significantly lower than that of Als.
Considering many years of administration of these drugs, the
effect on the medical cost is not small. Therefore, tamoxifen
will still play a major therapeutic role in ER-positive breast
cancer. In this study, we investigated the association of the
CYP2D6*10 allele, which encodes the unstable protein (hence,
the enzymatic activity is low) and is most frequently found in
Asians, including Japanese people, with clinical outcomes
of breast cancer patients treated with adjuvant tamoxifen
monotherapy. We here demonstrated that patients with
CYP2D6*10/*10 showed a significantly higher incidence of
recurrence than patients with CYP2D6*1/*1.

In clinical studies in Caucasians, patients with the
CYP2D6*4/*4 genotype, classified as PMs, had poorer clinical
outcomes with shorter recurrence-free and disease-free surviv-
als, and it was also shown that the 5-year recurrence-free sur-
vival rate for CYP2D6%4/*4 patients was only 54%, compared
with 83% for those who were not carriers of the CYP2D6%4
allele."? In this study, the 10-year recurrence-free survival
rates between the CYP2D6*1/*1 and CYP2D6*10/*10 groups
were significantly different (95% and 53.3%, P = 0.0057).
The plasma concentrations of endoxifen in patients with
CYP2D6*10/*10 was reported to be as low as for PMs.®2D It
is also reported that the conversion rate of endoxifen from
N-desmethyltamoxifen by mutant enzyme encoded by
CYP2D6*10 was only 7.4% of that of the wild-type protein in
in vitro analysis.*” These lines of evidence imply that
CYP2D6*10 remarkably reduces the plasma levels of active
metabolites, and influences the clinical outcomes in adjuvant
tamoxifen therapy, although the degree of its effects are not con-
clusive due to the small sample size.

The 5-year recurrence-free survival rate of patients
with CYP2D6*10/*10 (86.7%) tended to be lower than that
with CYP2D6*1/*1 (100%), without statistical significance
(P =0.18; data not shown), although 10-year recurrence-free
survival rates were significantly different between the two gen-
otypes. This result can be explained by the lower recurrence rate
within the first 5 years for all patients in this study compared
with a previous report® (Fig.2). This observation might be
caused by a limited number of samples and a limited registra-
tion period (3 months). Some of the patients with early recur-
rence were obviously unable to participate in this study because
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Table 4. Cox proportional hazard analysis for recurrence-free survival in breast cancer patients treated with tamoxifen

Univariate Multivariate

Variables

P-value Hazard ratio [95% Cl] P-value Hazard ratio [95% Cl]
CYP2D6 genotype
*1/*10 0.49 2.19 [0.24-19.79]
*10/*10 0.044 8.67 [1.06-71.09] 0.036 10.04 [1.17-86.27]
Age 1.00 0.99 [0.94-1.06]
Menopausal status 0.97 0.96 [0.31-3.04]
Tumor size 0.0090 2.24 [1.22-4.09] 0.023 2.15 [1.11-4.16]
Nodal status 0.39 1.71 [0.51-5.69]
Nuclear grade 0.41 1.37 [0.65-2.87]
ER 0.40 1.15 [0.83-1.61]
PR 0.45 0.90 [0.68-1.18]
Her-2 0.46 2.19 [0.28-17.38]

Note: Hazard ratio for *1/*10 or *10/*10 relative to *1/*1 is shown. Menopausal status, post versus premenopausal; and nodal status, n1 versus
nO; Her-2, positive versus negative; were analyzed as binary variables. The others were analyzed as ordinal variables. Cl, confidence interval; ER,

estrogen receptor status; PR, progesterone receptor.

Japanese is lower than in Caucasians, several PM- or inter-

025 L mediate (IM)-related polymorphisms in the CYP2D6 gene
% were reported (i.e. *4, *5, *[4, *18, *2], *4], *44),@2% and their
5 020} combined frequency was 11.4%.?329 Hence, the frequency of
‘ﬁ? *11*1 - heterozygote for */0 and either of these alleles was suspected to
s 015 *1/*10 ! X be 8-9%. Therefore, the frequency of subjects classified as IM-
A S “10/*10 related to the CYP2D6*10 allele was estimated to be 23-24%.
§ 0.10 - Patients heterozygous for the CYP2D6*10 allele and the other
t null allele also revealed the IM phenotype, which might have a
§ 0.05 higher risk of recurrence at a level almost the same as for
T .00 , | PMs.?” These data indicate that CYP2D6*10 is one of the

Years

Fig. 2. Annual hazard rates for recurrence-free survival comparing
patients with the CYP2D6*1/*1, *1/*10 and *710/*10 genotypes.

they could not visit the clinic due to their poor health condition
or death. Therefore, further analysis using a large number of
registered patients with longer entry periods is required for
verification of our results and investigation of the effect of
CYP2D6*10 on overall survival.

The allelic frequency of CYP2D6*10 has been reported to be
38.6% (41.8% in this study) in the Japanese population.?®
Approximately 15% of Japanese people are estimated to have
the CYP2D6*10/*10 genotype. Although the PM frequency in
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