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Abstract

The CYP2D6 enzyme is crucial for the metabolism of tamoxifen. The CYP2D6 gene is highly polymorphic, and individuals can

be extensive, intermediate, or poor tamoxifen metabolizers. The aim of this study was to determine the frequencies of the

CYP2D6 *3, *4, and *10 alleles in women with breast cancer who were treated with tamoxifen and analyze the association of

enzyme activity with prognostic factors and disease-free survival. We observed a high frequency of CYP2D6 *10, with an allelic

frequency of 0.14 (14.4%). The *3 allele was not present in the studied population, and *4 had an allelic frequency of 0.13

(13.8%). We conclude that patients with reduced CYP2D6 activity did not present worse tumor characteristics or decreased

disease-free survival than women with normal enzyme activity, as the difference was not statistically significant. We also

observed a high frequency of CYP2D6 *10, which had not been previously described in this specific population. This study is

the first in north-northeastern Brazil that aimed to contribute to the knowledge of the Brazilian regional profile for CYP2D6
polymorphisms and their phenotypes. These findings add to the knowledge of the distribution of different polymorphic CYP2D6
alleles and the potential role of CYP2D6 genotyping in clinical practice prior to choosing therapeutic protocols.
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Introduction

Cytochrome P450 is involved in the metabolism of

many drugs, including antidepressants, b-blockers, antiar-
rhythmics, antihypertensives, opioids, antipsychotics, and

antineoplastics (1). The gene encoding the enzyme is

highly polymorphic and is represented by more than 100

different, previously described alleles.

Tamoxifen (TMX), a selective modulator of the estrogen

receptor (ER), has been considered the gold standard

endocrine treatment of breast cancer (BC) for more than

three decades (2). It is used as an adjuvant endocrine

therapy in women with ER-positive breast tumors for

treatment of pre- and post-menopausal women with

metastatic BC, chemoprevention in high-risk women, and

treatment of women with in situ ductal carcinoma (3). The

clinical outcomes resulting from TMX treatment are influ-

enced by several factors, including activity of the cyto-

chrome P450 enzyme, patient adherence to treatment, use

of comedications that can inhibit conversion of TMX into

active metabolites, and other mechanisms of molecular

resistance (4).

TMX is a prodrug that requires metabolic activation to

perform its pharmacological activity (5). TMX biotransforma-

tion is dependent on the 2D6 subunit of cytochrome P450

(CYP2D6), which initiates demethylation and hydroxylation

and thereby generates various metabolites, mainly 4-OH-

tamoxifen, alpha-OH-tamoxifen, N-desmethyl-tamoxifen,
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and 4-OH-N-desmethyl-tamoxifen (6). These metabolites

compete with endogenous estrogen by binding to the ER.

4-OH-tamoxifen and 4-OH-N-desmethyl-tamoxifen (endox-

ifen), in particular, have a high affinity for the ER. Endoxifen

is considered the primary active metabolite of TMX because

it has a 100-times greater affinity for ER than TMX and is

3-10 times more potent in suppressing cell proliferation (7).

Polymorphism of the gene that encodes the CYP2D6

enzyme may increase or decrease the enzyme’s metabolic

activity. Accordingly, these polymorphisms may result in

lower levels of active TMX metabolites, which may result in

decreased therapeutic response to TMX. In fact, endoxifen

plasma concentration has a high inter-individual variability,

which has been described in patients with BC (8,9).

Four phenotypic categories have been assigned to

individuals according to enzyme function: poor metabolizer

(PM), intermediate metabolizer (IM), extensive metabolizer

(EM), and ultra-fast metabolizer (10,11). Individuals with two

PM alleles are classified as poor metabolizers. Individuals

with the genotypes EM/PM, EM/IM, or EM/EM have normal

metabolism and are classified as extensive metabolizers.

The genotypes IM/IM or IM/PM have enzymatic activity

ranging between extensive and poor and are referred to as

intermediate metabolizers (10,12). Patients classified as PM

(PM/PM) present with low endoxifen plasma levels and poor

clinical outcomes when treated with TMX (11,13,14).

Approximately 5-10% of Caucasians are carriers of two

null alleles (PM), with a total frequency of 26%. The most

common PM allele in this ethnic group is CYP2D6*4, which

is responsible for 75% of European PMs (15). Other null

alleles, also present in Caucasians, are represented by the

polymorphic alleles *3, *5, and *6 (16). In African-Americans

and Asians, themost common non-functioning variant is the

*5 allele, present in at least 6% of the population (17).

The IM phenotype is caused mainly by the presence of

the polymorphic allele *10. The frequency of this allele is

higher in eastern Asian groups (China, 56%; Korea, 45%;

and Japan, 38%) (16) than in Europeans (,2%). In the

African population, the polymorphic allele *17 is the main

cause of the IM phenotype, and it occurs in moderate to high

frequencies (9-34%). Another IM allele, CYP2D6*29, is

found at a relatively high frequency in a population in

Tanzania (20%) (15).

Studies conducted worldwide offer strong evidence of

the effectiveness of TMX for BC treatment; however,

clinical outcomes depend on bioactivation of the drug by

the CYP2D6 enzyme and on its pharmacological interac-

tions. In addition, the use of an individualized genetic

approach to hormone therapy is a promising option for the

improvement of BC treatment.

In Brazil, the frequencies of the various CYP2D6
alleles are poorly known. In this study, we determined the

frequencies of CYP2D6 *3, *4, and *10 alleles in women

with BC who were treated with tamoxifen, and analyzed

associations of enzyme activity with prognostic factors

and disease-free survival (DFS).

Material and Methods

Patients and study design
This was a cross-sectional study for determination of

allele frequency, and a cohort study to determine DFS. The

study population included women diagnosed with stage I-III

infiltrating breast adenocarcinoma who were treated with

adjuvant TMX for at least 24months and had tumors positive

for ER and/or progesterone receptor (PR). Women were

invited to participate in this study by their clinical oncologist

when they attended medical visits. Written informed consent

was obtained from all participants, and after signing, a blood

sample was collected from each participant by a trained

professional. The study was conducted from August 2011 to

December 2012 at the oncology outpatient clinic of the

Maranhense Institute of Oncology Aldenora Bello. The study

was approved by the Ethics Committee of the University

Hospital of the Federal University of Maranhão, under

protocol number 100/11 and in accordance with resolution

196/96 of the National Health Council.

Women diagnosed with ER- and/or PR-positive, infil-

trating grade I, II and III carcinoma treated with tamoxifen

for at least 24 months were eligible for inclusion. Exclusion

criteria were metastatic BC, HIV positivity, patients with

serious comorbidities, or patients who refused to participate

in this study.

Genetic analysis of polymorphisms
DNA was extracted from peripheral venous blood

samples using QIAmp1 DNA Mini and Blood Mini kits

(Qiagen, USA), according to the manufacturer’s protocols.

The extracted DNA was stored at the Maranhão Tumor

Bank at ––806C. Presence of the CYP2D6*3, CYP2D6*4,
andCYP2D6*10 polymorphisms were investigated by PCR

and restriction enzyme digestion, using 100 ng DNA as a

template, as described previously by Schur et al. (18) and

Kiyotani et al. (19).

Database and statistical analysis
Statistical analysis was performed using Epi Info soft-

ware, version 3.5.2 (Centers for Disease Control, USA). The

clinical, sociodemographic, and treatment data were

obtained from medical records and through interviews;

these data were stored in protocol files and in a computer-

ized database for statistical analysis. The CYP2D6 geno-

type categories were classified according to the phenotypes

cited above for the CYP2D6 combined analyses. DFS was

estimated using the Kaplan-Meier method and defined as

the period between diagnosis and local or distant recur-

rence. The Kaplan-Meier curves demonstrate the estimated

survival of patients with normal CYP2D6 and with reduced

CYP2D6 enzyme activity. The mean follow-up time was 73

months. The survival curves calculated for phenotypic

groups were compared using the log-rank test. P-values

,0.05 were considered to be statistically significant. Fisher’s

exact test was used for frequency analysis; odds ratios
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(ORs) and 95% confidence intervals (CIs) were calculated to

estimate associations between phenotype and disease

recurrence or distant metastasis.

Results

Characteristics of patients
A total of 58 women with BC who fulfilled the inclusion

criteria were evaluated. Epidemiological profiles are listed

in Table 1. Most patients (58.6%) were #50 years of age,

married (44.8%), and predominantly of brown skin color

(46.6%). A total of 44.8% of patients completed at least

high school, 17.2% were illiterate, and 38% had completed

elementary school. The average number of pregnancies

per woman was 3.6; five women (8.6%) were nulliparous.

The majority of these women (51.7%) had their menarche

between 12 and 13 years of age.

Forty-seven percent of patients had not reached

menopause at the time of BC diagnosis. Twenty-five

patients (43.1%) reported previous use of hormonal contra-

ceptives, and 23 (39.6%) reported use of hormone replace-

ment therapy. Only one patient presented with a previous

history of cancer. Two cases presented with metachronous

second primary tumors: one with contralateral BC and one

with thyroid cancer. Twenty-eight patients (48.2%) reported

a family history of cancer with at least one case of cancer in

first- and second-degree relatives.

Table 2 describes the clinical characteristics and

immune histopathological profiles of tumors and treat-

ments. Initial staging was established at diagnosis in more

than 70% of the patients. ‘‘Moderately differentiated’’ was

the predominant histological grade (75.9%).

Expression of human epidermal growth factor receptor

2 (HER2), which is associated with tumor aggressiveness,

was observed in 17.2% of cases. The right breast was

more commonly affected (60.3%) than the left; one case of

bilateralism was observed (1.7%). Tumor sizes between

2 and 5 cm were observed in most cases (39.7%).

Compromised lymph nodes were observed in more than

half of the patients (53.3%). More than 80% of the patients

were given radiation therapy and chemotherapy, and all,

except one who refused, underwent tumor excision.

Frequency of CYP2D6 alleles and genotypes
Three differentCYP2D6 gene polymorphic alleles were

investigated: two alleles with null enzymatic activity (*3, *4)

and one with reduced activity (*10). Table 3 shows the

observed allelic frequencies and genotype distribution for

the CYP2D6 gene. The polymorphic allele *4 was present

in 25.8% of the studied population, with a frequency of 0.13

(13.8%). The polymorphic allele *10was detected in 24.1%

of the patients, with a frequency of 0.14 (14.4%). The *3

allele was not present in the studied population. Most

patients (73.1%) did not have any of these polymorphic

alleles and had a genotype corresponding to the wild-type

(wt). The *4 allele was heterozygous in 14 patients and

homozygous in one patient. The *10 allele was hetero-

zygous in 11 patients and homozygous in three patients.

The most frequent genotype was wt/wt (65.5%), followed

by *4/*10 (15.5%). Most of the women in the study (77.5%)

presented with the EM phenotype, followed by IM (20.7%),

and PM (1.7%).

Some classic prognostic factors of BC found in the study

population, such as tumor size, histologic grade, lymph node

status and expression of HER-2, are reported in Table 4.

There was no association between tumor characteristics

with a worse prognosis and reduced CYP2D6 activity as this

difference was not statistically significant. The only PM

patient presented with a tumor larger than 2 cm, with

moderately differentiated histology, positive lymph nodes,

and positive HER2 expression.

Polymorphic alleles were not identified (*3/*4/*10) in

patients of black skin color; all presented with the wt/wt

genotype and normal enzyme activity. The reduced function

genotypes, IM and PM, were more frequently observed in

white women (33.3%) than in women of brown skin color

(25.9%) or women of black skin color (P=0.07). The *10
allelic frequency was higher in women of brown skin color

than in the other groups (0.18) (Table 5).

Table 1. General characteristics of the 58 women included in

the study.

Characteristics n %

Age at diagnosis

20-29 1 1.7

30-39 16 27.6

40-49 17 29.3

50-59 8 13.8

60-69 13 22.4

§70 3 5.2

Marital status

Married 26 44.8

Single 21 36.2

Consensual union 1 1.7

Widow 10 17.2

Self-reported ethnicity

Caucasian 18 31.0

Mullato 27 46.6

Black 13 22.4

Education levels

Illiterate 10 17.2

High school graduate or less 38 63.8

College graduate 11 19.0

Number of pregnancies

0 5 8.6

§1 53 91.4

Age at menarche

11 years 9 15.5

12-13 years 30 51.7

§14 years 19 32.7
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Enzyme activity and disease-free survival
The study results demonstrated that patients with

reduced enzyme activity did not have shorter DFS than

women with normal CYP2D6 activity (log-rank test,

P=0.75; Figure 1). The only patient classified as PM did

not have local or distant recurrence; however, her use of

TMX was interrupted due to endometrial thickening.

Discussion

The association between CYP2D6 enzyme activity

phenotypes and successful treatment of BC with TMX is still

uncertain. Some studies have shown strong evidence that

the effectiveness of TMX treatment for hormone receptor-

positive breast tumors depends on CYP2D6 hepatic enzyme

metabolism (5,7-10,20). These studies indicate that women

with BC who are carriers of one or more alleles that result in

decreased CYP2D6 function, or those who use potent

enzyme inhibitors, such as fluoxetine and paroxetine, have

inferior therapy outcomes than women with normal CYP2D6

enzyme function. In those cases, genetic testing might be

useful to predict the benefit of TMX therapy.

Conversely, some authors report the lack of an

association between enzyme genotype and clinical

response in women treated with TMX (9,11-13). Two

studies conducted in Sweden report an association between

the polymorphic allele *4 and better clinical response in

patients treated with TMX (11,21). In addition, Japanese

researchers demonstrated that the clinical response of

women with the polymorphic allele *10 were not significantly

different from those observed in women with a normal

phenotype (12,13).

In the present study, patients who were carriers of the

polymorphic alleles *4 and *10, corresponding to the IM and

PM phenotypes, respectively, did not have a shorter DFS

than women with normal CYP2D6 activity, and did not

Table 2. Clinical features, tumor characteristics, and treatment

of patients.

Characteristics n %

Clinical stage

I 12 20.7

IIA 15 25.9

IIB 14 24.1

IIIA 11 19.0

IIIB 2 3.4

IIIC 4 6.9

Histologic grade

Well differentiated 6 10.3

Moderately differentiated 44 75.9

Poorly differentiated 4 6.9

Uninformed 4 6.9

Receptors status

ER++ 54 93.1

PR++ 47 81.0

HER2++ 10 17.2

Laterality

Right 35 60.3

Left 22 37.9

Bilateral 1 1.7

Tumor size (cm)

,2 18 31.0

2-5 23 39.7

.5 9 15.5

Uninformed 8 13.8

Lymph node status

0 25 43.1

1-3 17 29.3

4-9 11 18.9

§10 3 5.1

Uninformed 2 3.5

Radiotherapy

Yes 52 89.7

No 6 10.3

Chemotherapy

Yes 47 81.0

No 11 19.0

Surgery

No 1 1.7

Setorectomy 1 1.7

Quadrantectomy with axillary dissection 22 38.4

Simple mastectomy 6 10.3

Modified mastectomy with axillary
lymphadenectomy

28 49.1

ER++: positive estrogen receptor; PR++: positive progesterone

receptor; HER2++: positive for human epidermal growth factor

receptor 2.

Table 3. Allele and genotypic frequency and distribution of

CYP2D6.

Alleles n (%) Enzyme activity Allele
frequency (%)

CYP2D6*wt 45 (77.5) Functional 73.1

CYP2D6*3 0 Non-functional 0

CYP2D6*4 15 (25.8) Non-functional 13.8

CYP2D6*10 14 (24.1) Dysfunctional 14.4

Genotype n Phenotype %

wt/wt 38 EM homozygous 65.5

wt/*4 5 EM heterozygous 8.6

wt/*10 2 EM heterozygous 3.4

*4/*10 9 IM heterozygous 15.5

*10/*10 3 IM homozygous 5.2

*4/*4 1 PM 1.7

wt: wild type; EM: extensive metabolizer; IM: intermediate

metabolizer; PM: poor metabolizer. Fisher’s test was used for

frequency analysis.
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present worse tumor characteristics compared with those of

women having normal enzymatic activity. Thus, CYP2D6

polymorphisms would not seem to be a prognostic factor in

BC and are not predictive factors of response to TMX

treatment. However, this study sample was small, and

therefore the results should be analyzed with caution.

Okishiro et al. (12) also observed that genetic

polymorphisms of CYP2D6*10 were not associated with

prognosis, endometrial thickness, or bone mineral density

in Japanese BC patients treated with adjuvant tamoxifen.

Park et al. (22) found no significant association with any of

the CYP2D6 genetic variants and prognostic factors,

including tumor size, nodal status, Ki67, PR negativity,

and HER2 positivity.

Table 4. Association between the CYP2D6 *10 genotype and patient characteristics.

Characteristics n CYP2D6 normal activity CYP2D6 reduced activity P OR (95%CI)

Patients 58 45 (77.6) 13 (22.4)

Tumor size (cm) 0.33 1.6 (0.4-6.3)

#2 cm 24 20 (45.5) 4 (33.3)

.2 cm 32 24 (54.5) 8 (66.7)

Uninformed 2

Histologic grade 0.26 ––

Well differentiated 6 6 (13.3) 0

Moderately differentiated 44 34 (75.5) 10 (100)

Poorly differentiated 4 4 (8.8) 0

Uninformed 4

Lymph node status 0.28 1.8 (0.4-6.9)

Negative 25 21 (47.7) 4 (33.3)

Positive 31 23 (52.3) 8 (66.7)

Uninformed 2

Her2 status 0.69 1.83 (0.3-8.9)

Negative 37 30 (66.7) 7 (53.8)

Positive 10 7 (15.6) 3 (23.1)

Uninformed 11

Odds ratios and 95% confidence intervals were calculated to estimate associations between phenotype and disease recurrence or

distant metastasis. No statistically significant differences were observed (P.0.05).

Table 5. Association between the CYP2D6 genotype and phenotype according to patient self-reported ethnicity.

Characteristics Self-reported ethnicity (n, %) P

Caucasian (n=18) Mullato (n=27) Black (n=13)

Genotype 0.17

wt/wt 11 (61.1) 14 (51.9) 13 (100)

wt/*4 1 (5.6) 4 (14.8) 0

wt/*10 0 2 (7.4) 0

*4/*10 5 (27.8) 4 (14.8) 0

*10/*10 1 (5.6) 2 (7.4) 0

*4/*4 0 1 (3.7) 0

Phenotype 0.07

Normal activity 12 (66.7) 20 (74.1) 13 (100)

Reduced activity 6 (33.3) 7 (25.9) 0

Allele frequency –

*3 0 0 0

*4 0.16 0.18 0

*10 0.16 0.18 0

Odds ratios and 95% confidence intervals were calculated to estimate associations between phenotype and disease recurrence or

distant metastasis. wt: wild type. No statistically significant differences were observed (P.0.05).
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This study is the first in north-northeastern Brazil that

aimed to contribute to the knowledge of the Brazilian

regional profile of CYP2D6 polymorphisms and their

phenotypes. Other studies have been performed address-

ing this subject in southern and southeastern regions of

Brazil. Jardim et al. (14) evaluated the presence of the

polymorphic alleles *3, *4, *5, *6, and *10, in addition to the

phenotypes of TMX metabolism, in 30 patients from

southeastern Brazil. They reported allelic frequencies of

33% and 38% for the polymorphic alleles *4 and *10,
respectively. The polymorphic alleles *5 and *6 were found

to be heterozygous in only one patient, and allele *3was not
present in the studied population. Our results are similar to

those of Jardim et al. (14); allele *10was observed at higher

frequencies than allele *4, and allele *3 was not observed.

Another Brazilian study, published by Antunes et al. (15),

evaluated the relationship between CYP2D6 genotypes and

phenotypes and serum levels of endoxifen in 97 patients

with BC from the southern region of the country. Sixteen

alleles were studied (*1, *2, *3, *4, *5, *6, *7, *8, *9, *10, *11,
*15, *17, *29, *35, and *41); the authors reported allelic

frequencies of 2%, 18.1%, and 1% for the polymorphic

alleles *3, *4, and *10, respectively, and the distribution of

phenotypes was 88.7% for EM, 4.1% for IM, and 4.1% for

PM.

The frequency observed for the *10 allele in this study

was surprisingly high, considering that this allele occurs

with greater frequency in eastern Asian populations (China,

0.56; Korea, 0.45; and Japan, 0.38) (16) than its frequency

in African-Americans (0.06), Ethiopians (0.03-0.09), and

Europeans (,0.02) (17). This reflects the importance of the

presence of Asian people in our sample, which may be a

result of miscegenation with Amerindians who, according

to historical evidence, originated in Asia (23-25). Therefore,

the frequency distribution of CYP2D6 alleles in southern

Amerindians might be expected to be similar to that of

Asian populations. Jorge et al. (26) reported results from a

study including Ngawbe and Embera Amerindians from

Panama and Colombia, which were similar to our results.

They found a high frequency of the *10 allele (6.9 and 14%,

respectively) and an absence of the *3 allele, which is rare

in Asians.

The frequency of the *4 allele (13.5%) observed in this

study was similar to that found in European populations

(17.5-23%) (6) and other Latin American populations, such

as those from Colombia (19.4%) (27), Venezuela (13.4%)

andMexico (1.2-7.3%) (28). In contrast, the allelic frequency

of *4 reported in this study was higher than that found in

Asian populations (0-1%) (29).

Evaluation of the relationships between phenotypic

presentation stratified by skin color and allele frequencies

showed that the *4 allele was more frequent in women of

brown skin color (0.18), although these patients were largely

heterozygous (wt/*4) and carriers of one wt allele (14.8%),

and thus had normal enzyme activity. Nonetheless, Silveira

et al. (30) reported an increased frequency of the *4 allele in

white individuals (0.14) compared with those with black and

brown skin color (0.10) in a study of 364 Brazilians who were

not oncology patients. In our study, white women had higher

percentages of reduced function genotypes (33.3%), IM and

PM, than women of brown (25.9%) and black skin color

(P=0.07), when grouped by metabolic phenotypes. The

absence of the studied polymorphic alleles in black women

was a relevant finding, which could be explained by the low

frequency of these alleles in African populations. In these

populations, the dysfunctional *17 allele is dominant, and

higher frequencies (16 to 26%) are observed (31). Hence,

although the *17 allele was not included in this study, it may

have an important representation in the population of the

state of Maranhão because of the presence of quilombola

communities including descendants of Afro-Brazilian slaves.

In conclusion, the results obtained in the present study

demonstrated the existence of genetic polymorphisms in

the gene encoding the CYP2D6 enzyme in a population of

women with BC. The results emphasized the frequency of

the *10 allele (14.4%) and a significant percentage of

women with reduced CYP2D6 activity (22.4%). These

results highlight the important regional variability of allelic

frequencies in this Brazilian population, characterized by

various patterns of miscegenation. These results also

reflect the importance of the Asian and Caucasian origins

of this population of predominantly European origin,

reflected by the frequency of the *4 allele, and of Asian

origin, reflected by the frequency of the *10 allele; both

Figure 1. Disease-free survival was estimated using the Kaplan-

Meier method and defined as the period between diagnosis and

local or distant recurrence. Survival curves between phenotypic

groups were compared using the log-rank test. P=0.75, not

statistically significant.
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alleles were observed in 15.5% of patients. These findings

contribute to the knowledge about the distribution of

different polymorphic CYP2D6 alleles in the Brazilian

population and the potential role of CYP2D6 genotyping in

clinical practice prior to deciding on therapeutic protocols.

The individual optimization of BC treatment is an

ongoing goal of oncology research. According to data

reported in the literature and the results obtained in the

present study, patients with low CYP2D6 enzyme activity

do not receive the expected benefits of TMX treatment, and

therefore may be candidates for other therapies. Hence,

other studies in this area are necessary to elucidate and

confirm this association.

We conclude that patients with reduced CYP2D6

activity did not present worse tumor characteristics or

reduced DFS than women with normal enzymatic activity

as the differences were not statistically significant. We

observed a high frequency of CYP2D6 *10, which had not

been previously described in this population.
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