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ABSTRACT 

The cytochrome P450 (CYP) 2D6 and 2C19 enzymes had an influence in 

the clinical outcomes of breast cancer patients treated with tamoxifen. Forty-eight Thai 

breast cancer patients receiving tamoxifen therapy were recruited to investigate the 

impact of CYP2D6 and CYP2C19 polymorphisms in predicting tamoxifen efficacy and 

clinical outcomes in Thai breast cancer patients. The study was designed by matching 

24 cases and 24 controls. The CYP2D6 and CYP2C19 genotypes were determined 

using the microarray-based technique. The association of polymorphisms in CYP2D6 

and CYP2C19 on disease free survival (DFS) was evaluated using the Kaplan-Meier 

method and Cox regression analysis. 

Based on the genotype data, five CYP2D6 predicted phenotype groups 

were identified in this study including EM/EM (11 of 48, 22.9%), EM/IM (20 of 48, 

41.7%), EM/PM (2 of 48, 4.2%), IM/IM (12 of 48, 25%), IM/PM (3 of 48, 6.2%) and 

three CYP2C19 phenotype groups including EM/EM (21 of 48, 43.8%), EM/IM (24 of 

48, 50%) and PM/PM (3 of 48, 6.2%). The CYP2D6 variant alleles were *10 (44 of 

96, 45.9%), *5 (4 of 96, 4.2%), *41 (2 of 96, 2.1%), *4 (1 of 96, 1%), *36 (1 of 96, 

1%) and CYP2C19 variant alleles were *2 (24 of 96, 25%), *3 (6 of 96, 6.2%). 

Kaplan-Meier estimates showed significant shorter disease free survival in patients 

with homozygous TT compared to those with heterozygous CT or homozygous CC at 

nucleotides 100C>T and 1039C>T in post-menopausal (Log-rank test, P = 0.046), and 

had an increased risk of recurrence of breast cancer, but no statistically significant 

association was observed (HR, 2.01; 95% CI, 0.95-4.28; P = 0.068).  

The  CYP2D6  and  CYP2C19  polymorphisms  were not involved in  

tamoxifen efficacy, except in post-menopausal subgroup. As the number of breast 

cancer patients was  relatively  small in this study, the results should be confirmed in a 

larger group of prospective patients.  
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การตรวจวินิจฉัยทางเภสัชพนัธุศาสตร์และการแปลผลแบบ haplotype/predicted phenotypes ของยีน CYP2D6 
และ CYP2C19 ในผูป่้วยมะเร็งเตา้นมกบัผลการตอบสนองต่อการรักษาเสริมของยา tamoxifen ดว้ยเทคนิคไมโคร
อาเรย ์          
MICROARRAY-BASED PHARMACOGENETICS TESTING AND HAPLOTYPE/PREDICTED 
PHENOTYPES DETERMINATION OF CYP2D6 AND CYP2C19 CORRELATION WITH TAMOXIFEN 
RESPONSE IN THAI PATIENTS IN ADJUVANT TREATMENT OF BREAST CANCER 
 
มนตรี ช านาญพล     5336203  RACP/M 
 
วท.ม. (พยาธิวทิยาคลินิก) 
 
คณะกรรมการท่ีปรึกษาวิทยานิพนธ์: ชลภทัร สุขเกษม, Ph.D., วสันต ์จนัทราทิตย,์ Ph.D., วิไล หนุนภกัดี, Ph.D.,  
เอกวฒัน์ ผสมทรัพย,์ Ph.D. 

 
บทคดัยอ่ 

ไซโทโครม พี 450 (CYP) 2D6 และ 2C19 เป็นเอนไซม์ท่ีมีอิทธิพลต่อผลทางดา้นคลินิกของผูป่้วย
มะเร็งเตา้นมซ่ึงไดรั้บการรักษาเสริมดว้ยยาทามอกซิเฟน ตวัอยา่งผูป่้วยมะเร็งเตา้นมหญิงจ านวน 48 ราย ไดรั้บการ
คดัเลือกเพื่อน ามาศึกษา โดยแบ่งผูป่้วยออกเป็น 2 กลุ่ม เท่ากนั คือ กลุ่มท่ีไม่เกิดมะเร็งเตา้นมกลบัเป็นซ ้ า 24 ราย
และกลุ่มท่ีเกิดกลบัเป็นซ ้ า 24  ราย แลว้น าตวัอยา่งท่ีไดไ้ปศึกษาดว้ยเทคนิคไมโครอาเรย ์เพื่อหาความสัมพนัธ์
ระหวา่งความหลากหลายทางพนัธุกรรมของยนี CYP2D6 และ CYP2C19 กบัประสิทธิผลของยาทามอกซิเฟนและ
ระยะเวลาปลอดการกลบัเป็นซ ้ า โดยการวเิคราะห์ขอ้มูลใชส้ถิติ Kaplan-Meier method และ Cox regression  

ผลการศึกษาพบวา่ มีความถ่ีจีโนไทป์ของยนี CYP2D6 5 รูปแบบ ดงัน้ี EM/EM (11 of 48, 22.9%), 
EM/IM (20 of 48, 41.7%), EM/PM (2 of 48, 4.2%), IM/IM (12 of 48, 25%), IM/PM (3 of 48, 6.2%) และความถ่ี
จีโนไทป์ของยนี CYP2C19 3 รูปแบบ ดงัน้ี EM/EM (21 of 48, 43.8%), EM/IM (24 of 48, 50%), PM/PM (3 of 48, 
6.2%) ความถ่ีอลัลีลของยีน CYP2D6 ดงัน้ี *10 (44 of 96, 45.9%), *5 (4 of 96, 4.2%), *41 (2 of 96, 2.1%), *4 (1 
of 96, 1%), *36 (1 of 96, 1%) และความถ่ีอลัลีลของยีน CYP2C19 ดงัน้ี *2 (24 of 96, 25%), *3 (6 of 96, 6.2%) 
โดยพบวา่ลกัษณะความหลากหลายทางพนัธุกรรมของยีนทั้ง 2 ไม่มีความแตกต่างกนัระหวา่ง 2 กลุ่ม และจากการ
วเิคราะห์ระยะเวลาปลอดการกลบัเป็นซ ้ าของผูป่้วยมะเร็งเตา้นม พบวา่ ผูป่้วยกลุ่มวยัหมดประจ าเดือนท่ีมีจีโนไทป์
ของยีน CYP2D6 สนิปส์ต าแหน่ง 100C>T และ 1039C>T แบบ TT มีระยะเวลาปลอดการกลบัเป็นซ ้ าท่ีสั้นกวา่
กลุ่มท่ีมีจีโนไทป์แบบ CT และ/หรือ CC และพบวา่มีความเส่ียงต่อการกลบัเป็นซ ้ าของมะเร็งเตา้นมสูงมากกวา่ผูท่ี้
ไม่มีจีโนไทป์แบบน้ี 

โดยสรุป คือ ลกัษณะความหลากหลายทางพนัธุกรรมของยีน CYP2D6 และ CYP2C19 อาจจะมี
อิทธิพลต่อระยะเวลาปลอดการกลบัเป็นซ ้ าในผูป่้วยมะเร็งเตา้นมกลุ่มวยัหมดประจ าเดือน แต่เน่ืองจากขอ้มูล
จ านวนกลุ่มตวัอยา่งผูป่้วยท่ีใชใ้นการศึกษาน้ีมีจ านวนนอ้ย ดงันั้น จึงจ าเป็นตอ้งมีการศึกษาเพ่ิมเติมในอนาคต 
142 หนา้ 
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CHAPTER I 

                                 INTRODUCTION 

 

 

Breast cancer is the most prevalent cancer among women and affects 

approximately one million women worldwide and Thailand [1]. Tamoxifen is the 

selective estrogen receptor modulators (SERMs) that can bind to estrogen receptor/ 

progesterone receptors in breast cancer tissue. After tamoxifen binding with estrogen 

receptors, the activity of estrogen can be blocked. Therefore, it is the most commonly 

prescribed drug used therapy for the treatment and prevention of estrogen receptor 

(ER)-positive or progesterone receptor (PR)-positive breast cancers [2], treatment in 

women with ductal carcinoma in situ (DCIS) [3], and adjuvant treatment in women 

with pre-menopausal breast cancer [4]. It has been used for more than 30 years to treat 

breast cancer.  

Tamoxifen considered as a prodrug that primarily metabolized by 

cytochrome P450 (CYP) enzymes (including CYP2B6, CYP2C8, CYP2C9, 

CYP2C19, CYP2D6, CYP3A4 and CYP3A5), a group of predominance liver enzymes 

responsible for the metabolism of tamoxifen into active and inactive form [5]. 

Tamoxifen is required metabolism into its pharmacologic activity. It is described that 

4-hydroxytamoxifen (4-OH-tamoxifen) and 4-hydroxy-N-desmethyltamoxifen 

(endoxifen), are the potent active metabolites. Both metabolites exert a 30- to 100-fold 

higher affinity to ER compared with tamoxifen in repress estrogen dependent cell 

proliferation [6-8]. Several studies have reported that endoxifen is a greatest response 

for activity of tamoxifen, and endoxifen is more potent an antiestrogen than 4-OH-

tamoxifen and tamoxifen. 

Polymorphisms of CYP genes which has an activity importance for 

metabolism of drugs as certain allele variants determine either altered activity or non-

functional of enzyme activity [9]. The CYP isoenzymes which encoded by the 

CYP2D6 and CYP2C19 genes are responsible for the metabolism of a number of 

prescribed drugs [10]. The CYP2D6 gene that encode debrisoquine hydroxylase 
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enzyme and more than 100 allelic variants have been reported [9, 11], which lead to a 

broad spectrum of enzyme metabolic activity and difference of phenotype in within 

populations [12]. The CYP2D6 gene has result in four phenotypic types: individual 

carry two wild types allele as CYP2D6*1/*1, referred to extensive metabolizers (EM) 

with at least one functional allele. Intermediate metabolizers (IM) as CYP2D6*10/*10 

display two reduced activity alleles or one null activity allele. Poor metabolizers (PM) 

as CYP2D6*4/*4 display two alleles gene inactivation and are qualify by deficiency 

hydroxylation of a number of drug classes and xenobiotic. Ultra-rapid metabolizers 

(UM) as CYP2D6*1/*1XN display excess enzyme activity due to multiple copies of 

CYP2D6 alleles from gene duplication, which lead to higher plasma concentration of 

endoxifen [13, 14]. The distributions of normal functional, partially active functional 

and inactive functional CYP2D6 alleles depend on the ethnic/racial [15-17]. Reduced 

(partially active) functional alleles include CYP2D6*10 (100C>T) have a reported 

high frequency in Asian (51%), 6% in African populations and it is rare in Caucasian 

population (1-2%). Nonfunctional (Inactive) allele includes CYP2D6*4 (1846G>A) 

have reported highest frequency in European Caucasians (12-21%) and the lowest 

frequency in Asian populations (1%) [18, 19]. The UM phenotypes have a reported 

highest frequency in Ethiopian and Saudi Arabian populations [20].  

The CYP2C19 gene that encode S-mephenytoin hydroxylase enzyme, has 

two major variant alleles that result in deficiency of enzyme. The most common 

variation are represented by the CYP2C19*2 (681G>A) and *3 (636G>A) alleles [21, 

22]. It has been reported that patients with PM who receiving tamoxifen have 

significantly lower level of plasma concentrations of endoxifen [6, 23, 24]. Several 

studies suggested that the clinical outcome of PM patients with breast cancer on 

adjuvant tamoxifen lead to have the risk of breast cancer recurrence and a lower 

prevalence of hot flashes [25].  

Consequently, the aims of this study were investigated the impact of 

CYP2D6 and CYP2C19 polymorphisms in predicting tamoxifen efficacy and clinical 

outcomes in Thai breast cancer patients receiving tamoxifen as adjuvant therapy.       
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CHAPTER II 

OBJECTIVE 

 

 

The aims of this study were:  

1. To investigate the association between CYP2D6 and CYP2C19 

polymorphisms and tamoxifen response in Thai breast cancer patients. 

2. To investigate the association between CYP2D6 and CYP2C19  

polymorphisms and disease free survival in Thai breast cancer patients 

treated with adjuvant tamoxifen. 

3. To determine alleles and genotypes frequency of CYP2D6 and                       

CYP2C19 in Thai breast cancer patients. 
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CHAPTER III 

LITERATURE REVIEW 

 

 

3.1 Breast cancer 

Breast cancer is a malignant tumor that growth of breast cancer cell, and is 

the most common malignancy in women [26]. A malignant tumor is a group of cancer 

cells that may grow invade surround breast tissue or metastasis to distant the part of 

the human body. The malignant tumor can occur nearly in women but men can get it 

[27]. Because of damage to DNA effect on cells become cancer cells. In a normal cell, 

when DNA gets damaged the cell either repairs the damage or the cell dies but in 

cancer cells, cell doesn’t die by program cell death when DNA get damaged the cell is 

not repaired by itself. The environment factors influence on DNA damaged i.e. 

smoking cigarettes and drinking alcoholic. Breast cancer cells can spread from the 

original tumor by cell breaking away. Tumor cells go into the blood vessels or lymph 

vessels and grow into the other parts of body. The cancer cells may be found in lymph 

nodes near the breast [28]. Anything that increase chance of getting a disease is called 

risk factors includes older age, early age at menarche, older age at first birth or never 

having given birth, person history of breast cancer or benign breast disease, mother or 

sister with breast cancer, treatment with radiation therapy to the breast/chest, breast 

tissue that is dense on a mammogram, taking hormones such as estrogen and 

progesterone, obesity status, drinking alcoholic beverages and being white [29].  

It has been reported by the National Cancer Institute in 2009 that the 10 

leading cancers in Thai women are breast cancer (37%) followed by cervix cancer 

(14.4%), colon and rectum cancer (8.1%), bronchus and lung cancer (6.8%), liver and 

bile duct cancer (4%), ovary cancer (3.7%), corpus uteri cancer (3%), oral cavity 

cancer (2.9%), non-Hodgkin lymphoma (2.4%) and thyroid gland cancer (2.3%)[1].    
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3.2 Diagnosis of breast cancer 

The goals of breast cancer testing are to identify genetic risk in high risk 

patients, detect and diagnose breast cancer in its earliest stages, evaluate the cancer’s 

characteristics in order to guide treatment, determine how far it has spread, monitor 

the woman over time to detect, monitor the effectiveness of treatment. Currently, it has 

many methods to detect and diagnosis breast cancer includes [28, 29]: 

- Mammogram is an x-ray picture of tissues inside of the breast. Women 

should get screening mammograms to detect breast cancer early and the older age 

women more than 40 years should have mammograms every 1 or 2 years.  

- Biopsy by removal of cells or tissues using a microscope to check for 

signs of cancer by a pathologist. Four types of biopsies are as follows: Excisional 

biopsy: The removal of an entire lump of tissue, Incisional biopsy: The removal of 

part of a lump or a sample of   tissue, Core biopsy: The removal of tissue using a wide 

needle, Fine-needle aspiration (FNA) biopsy: The removal of tissue or fluid, using a 

thin needle.  

- Estrogen and Progesterone receptor is test to measure the amount of 

ER/PR    in cancer tissue. The test results show whether treatment to block estrogen 

and progesterone may inhibit the cancer proliferation. 

- MRI (Magnetic resonance imaging) is test procedure relies on principle 

of nuclear magnetic resonance imaging (NMRI) in order to create detailed pictures of 

areas inside the body. 

 

 

3.3 Factors associated with prognosis and treatment options 

If cancer is found, tests are done to study the cancer cells. Decisions about 

the best treatment are based on the results of these factors. The major factors are 

influenced prognosis and treatment options include that the stage of the cancer, the 

type of breast cancer, estrogen receptor and progesterone receptor levels in the tumor 

tissue, human epidermal growth factor type 2 receptor (HER2/neu) levels in the tumor 
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tissue, proliferation of tumor, a woman’s age, general health, menopausal status and 

whether the cancer has just been diagnosed or has recurrence [29]. 

 

 

3.4 Breast cancer treatment 

 

3.4.1. Surgery  

Surgery is medical specialty that uses operative manual on a patient to 

remove the cancer cell from the breast tissue. Some of the lymph nodes under the arm 

are usually taken out and looked at under a microscope to see if they contain cancer 

cells. Breast cancer surgery is mainly consisted of 4 procedures consist of breast 

conserving surgery is an operation to remove the cancer but not the breast itself, 

includes the lumpectomy to remove a tumor (lump) and a small amount of normal 

tissue around and partial mastectomy is remove the part of the breast that has cancer 

and some normal tissue around it and procedure is also called a segmental 

mastectomy. Total mastectomy is surgical operation to remove the whole breast that 

has cancer and procedure is also called a simple mastectomy, some of the lymph nodes 

under the arm may be removed for biopsy at the same time as the breast surgery or 

after and it is done through a separate incision. Modified radical mastectomy is 

surgical operation to remove the whole breast that has cancer, many of the lymph 

nodes under the arm, the lining over the chest muscles, and sometimes, part of the 

chest wall muscles and the last of surgery is radical mastectomy use to remove the 

breast that has cancer, chest wall muscles under the breast, and all of the lymph nodes 

under the arm and procedure is sometimes called a Halsted radical mastectomy. 

 

3.4.2 Radiation therapy  

Radiation is a cancer treatment that uses high energy x-rays or other types 

of radiation to kill cancer cells or keep them from growing. There are two types of 

radiation therapy. External radiation therapy uses a machine outside the body to send 

radiation toward the cancer. Internal radiation therapy uses a radioactive substance 

sealed in needles, seeds, wires, or catheters that are placed directly into or near the 
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cancer. The way the radiation therapy is given depends on the type and stage of the 

cancer being treated. 

 

3.4.3 Chemotherapy  

Chemotherapy is a cancer treatment that uses drugs to stop the growth of 

cancer cells, either by killing the cells or by stopping them from dividing. When 

chemotherapy is taken by mouth or injected into a vein or muscle, the drugs enter the 

bloodstream and can reach cancer cells throughout the body (systemic chemotherapy). 

When chemotherapy is placed directly into the cerebrospinal fluid, an organ, or a body 

cavity such as the abdomen, the drugs mainly affect cancer cells in those areas 

(regional chemotherapy). The way the chemotherapy is given depends on the type and 

stage of the cancer being treated. 

 

3.4.4 Sentinel lymph node biopsy  

It is followed by surgery is the removal of the sentinel lymph node during 

surgery. The sentinel lymph node is the first lymph node to receive lymphatic drainage 

from a tumor. A radioactive substance and/or blue dye are injected near the tumor. The 

first lymph node to receive the substance or dye is removed. A pathologist views the 

tissue under a microscope to look for cancer cells. If cancer cells are not found, it may 

not be necessary to remove more lymph nodes. After the sentinel lymph node biopsy, 

the surgeon removes the tumor (breast conserving surgery or mastectomy). 

 

3.4.5 Targeted therapy  

Targeted therapy is a type of treatment that uses monoclonal antibodies 

and tyrosine kinase inhibitors for the treatment of breast cancer. The antibodies attach 

to the substances and kill the cancer cells, block their growth, or keep them from 

spreading. They may be used in combination with chemotherapy as adjuvant therapy. 

Trastuzumab (Herceptin) is a monoclonal antibody that blocks the effects of the 

growth factor protein HER2, which sends growth signals to breast cancer cells. About 

one-fourth of patients with breast cancer have tumors that may be treated with 

trastuzumab combined with chemotherapy. Lapatinib is a tyrosine kinase inhibitor that 

blocks the effects of the HER2 protein and other proteins inside tumor cells. It may be 
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used to treat patients with HER2-positive breast cancer that has progressed following 

treatment with trastuzumab. 

 

3.4.6 Hormone therapy  

Hormone therapy is a cancer treatment that removes hormones or blocks 

their action and stops cancer cells from growing. Hormones are substances produced 

by glands in the body and circulated in the bloodstream. The female hormone 

estrogen, which makes some breast cancers grow, is mainly produced by the ovaries. 

Treatment to stop the ovaries from making estrogen is called ovarian ablation. 

Hormone therapy with tamoxifen or estrogens can act on cells all over the body and 

may increase the chance of developing endometrial cancer. Aromatase inhibitor is 

given to some postmenopausal women who have hormone-dependent breast cancer. 

Aromatase inhibitors decrease the body's estrogen by inhibiting aromatase activity 

converting androgen to estrogen. 

 

 

3.5 Indication guideline of adjuvant hormonal therapy for early 

breast cancer [1] 

 

3.5.1 Tamoxifen 

Tamoxifen is an antiestrogen drug  for used to  treat all stage of breast 

cancer patients in worldwide and treated with ER and PR positive and uncertain 

hormone receptor status is considered by more than 50 year old in breast cancer 

patients and post-menopausal status. Tamoxifen given for approximately five years 

after surgery to patients with early breast cancer and is the current standard of 

treatment breast cancer. It is reduced the risk of death about 25 percent and improved 

10 years survival of more than 10 percent for patients with involve node [30]. Several 

studies suggested that used tamoxifen monotherapy or tamoxifen alone follow by 

aromatase inhibitors (letrozole) as initial adjuvant endocrine therapy for hormone 

receptor-positive postmenopausal breast cancer patients. Breast cancer patients were 

assigned to receive 5 years of tamoxifen alone or 2 years of treatment with tamoxifen 

followed by 3 years of treatment with the aromatase inhibitors. The important factor 
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influence the treatment initiation with tamoxifen that approval for use include that 

hormonal status, loss of bone density, arthralgia, patient at high risk of late recurrence, 

and treatment cost [31-33].  

 

3.5.2 Aromatase Inhibitors (AIs) 

Aromatase inhibitors is the considered for endocrine treatment of post-

menopause breast cancer patients with ER positive and use in treating early stage, 

hormone receptor positive breast cancer and post menopause [34]. Aromatase 

inhibitors are different from tamoxifen in long term adverse effects. Breast cancer 

patients who receiving aromatase inhibitors (anastrozole) had significantly lower 

incidence of hot flashes, vaginal discharge, vaginal bleeding venous 

thromboembolism and had significantly higher incidence of fractures (hip, spine and 

wrist or radius) and musculoskeletal disorder [31, 33, 34]. The aromatase inhibitors in 

the adjuvant treatment of postmenopausal women have led to the following 

considerations in premenopausal patients:  

- If AI is need; switching to an AIs after taking tamoxifen for 2 to 3 years.                   

- Tamoxifen contraindication and/or tamoxifen resistance and time course 

over 5 years.          

- High risk of recurrence as metastasis to lymph node following 5 years 

tamoxifen (never received AIs).  

The factors that approval the use of AI include: stronger activity, less 

incidence of gynecological and thromboembolic events, and patient at high risk of 

early recurrence. CYP2D6 polymorphisms are an important factor influences the 

selection of adjuvant hormone treatment at the present [33].  

 

 

3.6 Pharmacogenetics 

Pharmacogenetics is a study of association between genetics of the 

individual person and drug response for individualized treatment. Pharmacogenetics 

focuses on the influence of single genes on drug response but pharmacogenomics take 

a broader view of the influence of an individual
'
s entire genome on their response to 

drug therapy. Pharmacology is the study of drugs and their interactions with the body. 
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Clinical responses via drug action could be beneficial or adverse effect depending on 

two major principles, pharmacodynamics and pharmacokinetics. PD is the study of 

what the drug act to our body does. PK is the study of what does our body act to the 

drug which is consisted of 4 major processes; absorption, distribution, metabolism and 

elimination. Machinery units of all processes in PD and PK are indeed functional 

proteins. Theirs property are depended on various factors including genetics. The 

knowledge of individual genetic background affects PD and PK resulting in different 

drug response is called pharmacogenomics [35, 36].  

Pharmacogenetics variations are associated with genetics of the individual 

patient and depend on PK and PD and include that: drug metabolizing enzymes, drug 

transporters, biomarker genes and drug target genes [35].  

Personalized medicine is applied from the understanding of 

pharmacogenetics in order to reach optimum drug therapy and select appropriate drug 

dose for treatment. Specific advantages that personalized medicine may offer patients 

and clinicians include that ability to make more informed medical decisions, higher 

probability of desired outcomes due to better-targeted therapies, reduced probability of 

negative side effects, focus on prevention and prediction of disease rather than 

reaction to it and reduced healthcare costs [37].                          

 

 

3.7 Pharmacokinetics and genetic variation 

The most common basis for genetic variation and thus the basis or a 

pharmacogenetics approach to drug therapy is the single nucleotide polymorphism 

(SNP). An SNP occurs when a single nucleotide is exchanged for another at a point in 

an individual
'
s genome. It is estimated that the human genome consist of 

approximately 3 billion nucleotides which in specific combinations form 25,000 to 

40,000 genes and encode approximately 100,000 proteins. SNPs that occur in coding 

regions of the genome have the potential to influence protein expression by altering an 

amino acid and causing premature stop codon within the protein called non 

synonymous and missense SNPs respectively. Substitution of this amino acid may 

change the structure or function of the protein. Certain alleles occur more commonly 

in some ethnic groups than in others. The impact of these SNPs on phenotypes and 
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their subsequent clinical consequence can again be divided into two fundamental 

branches of pharmacology, those that influence pharmacokinetics and 

pharmacodynamics [37-39]. The polymorphisms in genes that encode cytochrome 

P450 enzymes influence patient’s treatment outcome because of genes encoding drug 

metabolizing enzymes could be effect on drug elimination, which process has greatest 

role in the treatment of many different diseases. Polymorphisms of genes will have an 

effect on treatment outcome about 20-25% of all drug therapies [35].  

 

 

3.8 CYP polymorphisms 

 CYP superfamily is the most important human drug-metabolizing 

enzymes, which oxidation many of drug substrates. The cytochrome P450 superfamily 

has 57 functional CYP genes and 58 pseudogenes comprised of 18 families (i.e. 

CYP1A2, CYP1B1, CYP2A6, CYP2A13, CYP2B6, CYP2C8, CYP2C9, CYP2C19, 

CYP2D6, CYP2E1, CYP2F1, CYP2J2, CYP2R1 CYP2S1, CYP2W1, CYP3A4, 

CYP3A5, CYP3A7, CYP3A43, CYP4A11, CYP4A22, CYP4B1, CYP4F2, CYP5A1, 

CYP8A1, CYP19A1, CYP21A2 and CYP26A1 genes) [40]. More than 90% of human 

drug metabolism can be attributed to the following CYP3A4 (50%), 2D6 (30%), 2E1 

(2%), 2C19 (2%), 2C9 (10%), 2A6 (2%) and 1A2 (4%) [41]. CYP2D6, 2C19, 2C9 and 

2A6 enzymes are subject to stimulation and inhibition, and genetic variation has 

significant for enzyme activity distinction [35]. The cytochrome P450 polymorphisms 

compose of single nucleotide polymorphisms (base substitution), insertion, gene 

deletion, and gene duplications. The variation of CYP polymorphisms include copy 

number variation, which multiple gene copies influence on increase enzyme activity 

and reduce drug efficacy.  

 

3.8.1 CYP2D6  

CYP2D6 is the major enzyme active in metabolism of many drugs. The 

CYP2D6 enzyme is a metabolic liver enzyme explanation for 2-4 % of hepatic 

cytochrome P450 enzyme [36] and CYP2D6 enzyme is an important phase I drug 

enzyme related with metabolism approximately 25 % of prescribe drugs [18]. Many of 

drug substrates for CYP2D6 enzyme have been metabolized, listed in Table 3.1. The 
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CYP2D6 gene is located on chromosome 22 (22q13.1) includes CYP2D6 gene and 

CYP2D7P1 (cytochrome P450, family 2, subfamily D, polypeptide 7 pseudogene 1), 

CYP2D7P2 (cytochrome P450, family 2, subfamily D, polypeptide 7 pseudogene 2), 

CYP2D8P1 (cytochrome P450, family 2, subfamily D, polypeptide 8 pseudogene 1), 

CYP2D8P2 (cytochrome P450, family 2, subfamily D, polypeptide 8 pseudogene 2). 

The CYP2D6 gene composed of nine exons with an open reading frame of 1491 base 

pairs coding for 497 amino acids and eight introns [42-44]. The CYP2D6 gene is 

highly polymorphism, presently with over 90 known allelic variant 

(http://www.imm.ki.se/cypalleles/cyp2d6.htm). Gene alteration originated in single 

base substitution causing missense, nonsense or splice site mutation, frameshift and 

gene conversions with related pseudogenes. Genetic variation of CYP2D6 gene is 

association with CYP2D6 enzyme activity include decreased, increased and non-

functional enzyme. The CYP2D6 phenotypes include four phenotypic as show below 

[45]: 

-  Poor metabolizers (PM) lead to lacking of functional enzyme activity 

because of gene deletion or change of amino acid. Defective of gene caused altered 

drug metabolism or eliminated in pharmacokinetic phase II (sulphation or 

glucuronidation).   

- Intermediate metabolizers (IM), carrying two reduces functional alleles 

or one reduce functional allele and nonfunctional allele    

- Extensive metabolizers (EM), which carrying two functional alleles or 

one functional allele and this result in normal enzyme activity and drug concentration.   

- Ultra-rapid metabolizers (UMs), carrying more than two gene copies, 

duplicated, multiduplicated or amplified CYP2D6 genes. This result in enzyme activity 

that exhibit increased CYP2D6 enzyme activity and lead to higher plasma drug 

concentration in prodrug or lower plasma drug concentration in active drugs. 
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Table 3.1 Clinically relevant drug substrates for metabolism by CYP2D6 

enzymes [46]. 

 

CYP2D6 substrates 

Antidepressants Beta blockers Antipsychotics Others 

Amitriptyline Alprenolol Haloperidol Atomoxetine 

Clomipramine Carvedilol Risperidone Codeine 

Desipramine Propafenone Thioridazine Dextromethorphan 

Imipramine Brupranolol Clozapine Flecainide 

Fluoxetine Clonidine Olanzapine Mexiletine 

Paroxetine Debrisoquine Pimozide Ondansetron 

Tamoxetine Metoprolol Sertindole Tamoxifen 

Trimipramine Propranolol Thioridazine Tramad ol 

Venlafaxine Timolol Zuclopenthixol Tacrine 

 

Recently, it has been reported that analysis of tamoxifen pharmacology by 

evaluation the combined effect of 33 variant alleles of CYP2D6 on the plasma 

concentrations of tamoxifen and its metabolites. The result interpretation from 

CYP2D6 alleles nomenclature base on heterozygous or homozygous alleles for 

reduced functional (i.e., CYP2D6*9, *10, *17, *29, *36 and *41) and null alleles (i.e., 

CYP2D6*3-*8, *11, *14, *15, *19-*20, and *40) had related endoxifen 

concentrations. There is an important of allele variant in the activity of CYP2D6 in 

different ethnic/racial groups. The frequencies of gene duplication (PM phenotype, 

CYP2D6*3, *4 and *5) are higher in Caucasian, African population and Saudi Arabia. 

CYP2D6*4 is the most frequent variant allele in European population (12-23%) and 

present in 70-90% of all PM phenotype [47]. It is rare frequency in Asian population, 

however, IM phenotype (CYP2D6*10) is found higher frequencies in Asian 

population, especially Chinese and southeast Asian population but it is rare in 

Caucasian [4, 15, 40, 41], listed in Table 3.2. The concentrations of tamoxifen plasma 

are higher in UM compared with EM phenotype, which indicated the significant of 
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comprehensive CYP2D6 genotype to explanation of the variation in endoxifen plasma 

concentrations [48].  

 

Table 3.2 Most CYP2D6 alleles, enzyme effect and allele frequencies in ethnic 

groups [18, 49-51] 

 

CYP2D6  

alleles 

Nucleotide change Enzyme 

activity 

Allele frequencies (%) 

   Asian Caucasian African-

American 

*1 None Normal 20-40 30-40 28-50 

*2 -1584C>G Normal 9-20 20-35 10-80 

*3 2549Adel No enzyme 0.8-1 1-4 0-0.5 

*4 1846G>A No enzyme 0.5-3 12-23 2-7 

*5 CYP2D6 deleted No enzyme 4-6 1.5-7 0.5-6 

*10 100C>T Decreased 40-70 2-8 3-8 

*17 1023C>T,2850C>T Decreased 0.5 0.1-0.3 10-30 

*41 -1584C>G, 

2850C>T 

4180G>C 

Decreased 0-2 8 - 

*1XN duplicate active 

gene 

Increased 0.5 0.2-1 2-5 

*2XN duplicate active 

gene 

Increased 0-2 1-5 - 

 

3.8.2 CYP2D6 inhibitors   

There are CYP2D6 inhibitors such as drugs that make extensive 

meatabolizers perform to poor matebolizers. Some inhibitors are CYP2D6 substrates 

or some inhibitors are not CYP2D6 substrates. Quinidine is not substrate of CYP2D6 

but it is the most potent inhibitor of CYP2D6 because of quinidine sulphate is 

converted extensive metabolizers to poor metabolizers [52]. Many drugs are CYP2D6 

inhibitors can be found in Table 3.3. Antidepressants are the most important CYP2D6 

inhibitors in patient receiving adjuvant tamoxifen such as fluoxetine (Prozac), 

paroxetine (Paxil), bupropion (Wellbutrin), and duloxetine (Cymbalta). They can 

inhibit CYP2D6 enzyme activity and may reduce tamoxifen plasma level. Patients 
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receiving tamoxifen drug should be advised not to start new prescription drug without 

checking the CYP2D6 inhibitors [53]. 

 

Table 3.3 Inhibitors of CYP2D6 

 

 CYP2D6 inhibitors  

Amitriptyline Propoxyphene Perphenazine 

Bupropion Imatinib Haloperidol 

Chlorpheniramine Fluoxetine Duloxetine 

Chloroquine Cimetidine Terbinafine 

Chlorpromazine Paroxetine Diphenhydramine 

Quinacrine Propafenone Venlafaxine 

Quinidine Quinine Yohimbine 

 

 

3.8.3 CYP2C19 

CYP2C19 enzyme plays the minor role in tamoxifen metabolism. This 

enzyme is a member of CYP450 family 2C and it is a metabolic liver enzyme 

explanation for 25% of hepatic cytochrome P450 enzyme [54]. Many of drug 

substrates for CYP2C19 enzyme have been metabolized and eliminated common 

prescription drugs, including anti-depressants, anti-convulsants, anti-cancer, proton 

pump inhibitors, anti-malaria, anti-ulcer, and  antithrombotics, as shown in Table 3.4 

and other drugs has been metabolized by CYP2C19 enzyme and approved by FDA 

(www.fda.gov) for genetic testing before treatment. CYP2C19 enzyme produced from 

the CYP2C19 (cytochrome P450, family 2, subfamily C, polypeptide 19) gene that it 

has nine exons and is located on chromosome 10q24 [55]. The CYP2C19 isoenzyme 

has considerable genetic variation. The most common variant polymorphisms result in 

many null alleles (i.e. CYP2C19*2, *3, *4, *5, *6, *7, and *8), resulting in a 

phenotype of absent CYP2C19 enzyme activity. This phenotype is the most common 

phenotype in Asians and Oceania population (approximately 20%) and occurs in 

Caucasians and African (approximately 3-5%) [56]. In recently, it has been reported 
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that clinical impact of CYP2C19*17 has been evaluated and demonstrated the 

association with increased CYP2C19 enzyme activity in vivo [57]. The distribution of 

CYP2C19*17 allele frequencies is 25% in German population [58], 18% in Swedish 

and Ethiopian population, and it is rare in Chinese population (4%) [57]. The poor 

metabolizer (PM) is association with decreased enzyme activity in patients who have 

drug therapy such as patients who received clopidogrel treatment of cardiovascular 

disease that have been shown to response poorly to standard doses due to reduced 

metabolic activation of the drug [4, 59-61].  

 

Table 3.4 Clinically relevant drug substrates for metabolism by CYP2C19 

enzymes [46]. 

 

 CYP2C19 substrates  

Anti-epileptics Proton pump inhibitors Others 

Diazepam  Omeprazole  Prasugrel  

Phenytoin Dexlansoprazole  Ticagrelor  

Phenobarbitone Pantoprazole  Cyclophosphamide 

Citalopram  Esomeprazole  Progesterone 

 Rabeprazole  Voriconazole 

  Clopidogrel  

 

The clinical impact of the CYP2C19 genotype is influenced by whether a 

drug is activated, listed in Table 3.5. The two most common variant alleles are 

CYP2C19*2 (681G>A, rs4244285) and CYP2C19*3 (636G>A, rs4986893), which has 

nonfunctional enzyme activity.  
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Table 3.5 Most CYP2C19 variant alleles, enzyme effect and allele frequency in 

ethnic groups [54, 61, 62] 

 

CYP2C19 

alleles 

Nucleotide 

change 

Enzyme 

activity 

Allele frequencies (%) 

   Asian Caucasian African-

American 

*1 none Normal 63.1 86.4 81 

*2 681G>A No enzyme 31.2 12.7 18.2 

*3 636G>A No enzyme 5.7 0.9 0.8 

 

Several studies had compared to CYP3A4/5, CYP2D6 and CYP2C19 

variation effect to tamoxifen and its metabolites level. Then it could be concluded that 

CYP2D6 is the rate-limiting enzyme suggesting as a predictor of drug response [19]. 

Many studies have been examined the reliable of CYP2D6 polymorphisms in order to 

predict the clinical outcome of adjuvant tamoxifen therapy. It is conflicting results 

have been appeared up to date [19, 63, 64]. The latest ongoing prospective research is 

doing by NCI [26].  

 

 

3.9 Tamoxifen metabolisms 

In primary breast cancer, adjuvant tamoxifen significantly decreases 

relapse rates and mortality in pre- and postmenopausal patients and the therapy benefit 

from 5 years of adjuvant tamoxifen is maintained, even 10 years after primary 

diagnosis [65]. However, up to 50% of patients who receive adjuvant tamoxifen had 

recurrence or die from tumor-specific resistance or host genetic factors. Since 

tamoxifen is a prodrug requiring metabolic activation to exert pharmacological 

activity. The major and minor enzymes for tamoxifen metabolism are CYP2D6 and 

CYP2C19, which these enzyme convert tamoxifen (inactive form) to active 

metabolites. It has been reported that 4-hydroxytamoxifen, a minor metabolite of 

tamoxifen, display 100-fold more affinity for the estrogen receptor than tamoxifen and 

N-desmethyl tamoxifen. Recent several research have demonstrated that 4-hydroxy-N-

desmethyl tamoxifen (endoxifen), major secondary metabolite of tamoxifen, is more 
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potent than 4-hydroxytamoxifen in terms of binding affinity to estrogen receptor [6, 

7]. Thus drug metabolism enzyme polymorphisms possible indicate group of patients 

that being benefit or non-benefit from receiving adjuvant tamoxifen. 

 

3.9.1 Primary tamoxifen metabolism pathway 

Formation of the major metabolite N-desmethyltamoxifen (NDM-tam) is 

primarily catalyzed by CYP3A4 and 3A5, with minor contributions by CYP2D6 and 

other CYP isoforms (Figure 1). 4-hydroxy tamoxifen is an active metabolite in minor 

pathway and it is catalyzed by CYP2D6 (minor metabolized by CYP2B6, CYP2C9, 

CYP2C19 and CYP3A). The steady state plasma concentration of N-

desmethyltamoxifen after 20 mg tamoxifen is administered daily are 654.9 nM about 2 

times of [tamoxifen][23]. Although CYP3A4/5 is identified as major enzymes 

involved in the principal TAM sequential metabolic routes. Their genetic variations 

has been reported that no statistical significant association with plasma concentration 

of tamoxifen and its metabolites. Therefore CYP3A4/5 polymorphisms might not 

effect to tamoxifen treatment outcome. 

 

3.9.2 Secondary tamoxifen metabolism pathway 

Another clinically active metabolite, endoxifen, is primarily catalyzed by 

CYP2D6, with minor contributions by CYP3A4/5 (Figure 3.1).  CYP2D6 is the most 

significant enzymes that modulate plasma endoxifen concentration [6]. Recent clinical 

studies have demonstrated that common CYP2D6 genetic variation (leading to low or 

absent CYP2D6 enzyme activity), or the inhibition of CYP2D6 enzyme activity 

significantly lower the plasma concentrations of endoxifen. Patients homozygous for a 

CYP2D6 null allele had significantly lower endoxifen concentrations (mean, 21.9 nm) 

than patients with one (mean, 62.4 nm) or two (mean, 88.6 nm) CYP2D6 functional 

alleles [19].  
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Figure 3.1 Biotransformation pathways of tamoxifen [19, 23]. The relative 

contribution of each pathway to the overall oxidation of tamoxifen is shown by the 

thickness of the arrow, and the principal P450 isoforms responsible are highlighted in 

larger fonts. Modified slightly from Jin,Y. et al. J. Natl Cancer Inst. 97(1):30-39 

(2005). 

 

CYP2C19 is the minor enzyme that effect to tamoxifen metabolism. 

Furthermore, previous studies reported that the clearance tamoxifen metabolites 

mediated by many enzyme others including sulfotransferase (SULT1A1), UDP-

glucurunosyltransferase (UGT) 2B15 and UGT1A4 [66]. Tamoxifen has limitations; 

only about 20–30% of patients with advanced disease respond to tamoxifen, and many 

patients who initially respond to treatment ultimately become resistant [67-69].  

 

 

3.10 CYP2D6 predicted phenotype and tamoxifen efficacy 

 It has been known for long time that tamoxifen metabolized by major 

CYP2D6 and it is requiring metabolic activation to 4-OHtam to exert pharmacological 

activity [8] but endoxifen that it is an important secondary metabolite, only recently it 

had been reported that endoxifen play the major role in suppress breast cancer cell 
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proliferation similar to 4-OHtam but it has high ER affinity and more potent than 4-

OHtam by studied of Sterns V and colleagues [6]. From their research found that both 

of two metabolites (4-OHtam and endoxifen) had induced similar change on the 

pattern of gene expression in human breast cancer cell (MCF7) and plasma 

concentration of endoxifen had 10 fold higher than 4-OHtam. Buck MB and 

colleagues [70] had investigated the growth inhibitory effect of tamoxifen and its 

major metabolites in MCF-7 and T47D treated with tamoxifen and tamoxifen 

metabolites and mRNA expression of TGFb2. They had found that only two 

metabolites 4-OHtam and endoxifen had significant associated with antiproliferative 

activity and were able to induce TGFβ2 and TβRII. Johnson MD and colleagues [7] 

had been reported that endoxifen play the major role in inhibiting estrogen stimulated 

MCF-7 and the regulation of estrogen responsive genes. Jin Y and colleagues [23] 

investigated the association between CYP2D6 genotype and plasma concentrations of 

tamoxifen and its metabolites. The result shown that had significantly lower plasma 

concentration of endoxifen in patients with CYP2D6 homozygous variant genotype 

(20.0 nM, 95% CI = 11.1 to 28.9 nM) or a heterozygous genotype (43.1 nM, 95% CI = 

33.3 to 52.9 nM) compared with a homozygous wild type genotype (78.0 nM, 95%CI 

= 65.9 to 90.1 nM), both P = 0.003. 

 

 

3.11 CYP2D6 polymorphisms and conflicting of tamoxifen treatment 

outcome 

 Several studies investigated the clinical impact of tamoxifen 

pharmacokinetics that influence on the clinical outcome of breast cancer patients who 

received adjuvant tamoxifen. The evidence from published studies investigating drug 

metabolizing enzymes and transporter genes as predictive factors of tamoxifen 

efficacy and clinical outcome of breast cancer patients are conflicting study results.   

Most of researcher recommended identify of polymorphisms of drug metabolizing 

enzymes may be useful in optimizing therapy with adjuvant tamoxifen but any 

researcher found that no association between polymorphisms of drug metabolizing 

enzymes and transporter genes and clinical outcome of breast cancer patients receiving 

adjuvant tamoxifen. It divided into two groups include positive and negative results.   
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 3.11.1 Positive studies on breast cancer patients using adjuvant 

tamoxifen  

 Goetz MP and colleagues [25] reported that breast cancer patients with the 

CYP2D6*4/*4 genotype had significantly worse relapse free time (RF-time, P = 

0.023) and disease free survival (DFS, P = 0.012), but not overall survival (P = 0.169) 

compared with  heterozygous or homozygous for the wild type allele and patients with 

the CYP2D6*4/*4 genotype had significantly worse RFS (HR= 1.85, P = 0.176) and 

DFS (HR = 1.86, P = 0.089). The CYP3A5*3 variant was not associated with any of 

these clinical outcomes. 

 Schroth W and colleagues [71] evaluated the polymorphisms in CYP2D6 

relationship with clinical outcomes in breast cancer patients receiving adjuvant 

tamoxifen. The result shown that had significantly increased risk of recurrence for 

heterozygous extensive /intermediate metabolizers (HR = 1.40) and homozygous poor 

metabolizers (HR = 1.90) compared with homozygous extensive metabolizers. There 

were significantly worse disease free survival (HR = 1.29) and event free survival (HR 

= 1.33) but  no significant difference in overall survival (HR = 1.15).  

 Serrano D and colleagues [72] investigated the polymorphisms in 

CYP2D6, CYP2C19 and SULT1A1 correlation with tamoxifen efficacy in Italian breast 

cancer treated with tamoxifen. The results shown that breast cancer patients with a 

CYP2D6*2A allele had significantly associated with increased tamoxifen efficacy (P = 

0.00001) and CYP2D6 poor metabolizer alleles shown the increased risk for breast 

cancer recurrence compared to the others phenotype (P = 0.035) but in contrast, 

CYP2C19 and SULT1A1 polymorphisms had not significantly correlation with the 

tamoxifen efficacy. 

 Abraham JE and colleagues [73] evaluated CYP2D6 variants as predictive 

factors of tamoxifen efficacy and clinical outcome in breast cancer patients from 

United Kingdom treated with adjuvant tamoxifen. They found that only CYP2D6*6 

was associated with decreased breast cancer specific survival (BCSS) (P value = 0.02, 

HR = 1.95) and it had not been reported the association with other variants that 

different from the previous reported to be associated with poor metabolizer 

(CYP2D6*4) clinical outcomes, had significantly difference in BCSS. 
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 Madlensky L and colleagues [74] explored breast cancer outcomes are 

associated with endoxifen and other metabolites of tamoxifen and long term breast 

cancer clinical outcomes. It is shown that had significantly the relationship between 

endoxifen concentrations and reduced the recurrence rate. It is the first report on the 

association between endoxifen concentrations and clinical outcomes in breast cancer 

patients treated with tamoxifen.  

 Kiyotani K and colleagues [75] investigated the relationships of 

polymorphisms in CYP2D6 and transporter genes on clinical outcome of Japanese 

breast cancer patients receiving tamoxifen. CYP2D6 variants were significantly 

associated with shorter recurrence free survival (HR= 9.52) in patients with two 

variant alleles compared with wild type alleles and result shown that CYP2D6 variant 

alleles were associated with lower plasma level of endoxifen and 4-hydroxytamoxifen 

(P value = 0.0000043 and 0.00052) but no difference was found in transporter genes 

polymorphisms. 

 Xu Y and colleagues [76], established the relationship between 

CYP2D6*10 genotype and tamoxifen efficacy and survival time of breast cancer 

patients receiving tamoxifen. CYP2D6*10 (100C>T) homozygous variants had 

significantly lower plasma level of 4-OHtam compared with homozygous wild type (P 

value = 0.04) and found that patients with homozygous variants had significantly 

reduced DFS compared with homozygous or heterozygous wild type of CYP2D6*10 

(P value = 0.04, HR = 4.7). 

 Lim JSL and colleagues [77], investigated the influence of CYP2D6, 

CYP3A5, CYP2C9 and CYP2C19 polymorphisms on tamoxifen efficacy in Asian 

breast cancer patients. This study revealed that polymorphisms in CYP2D6*5 and *10 

were significantly associated with higher N-desmethyltamoxifen (NDM) and lower 

plasma of endoxifen concentration. No significant relationship between 

polymorphisms in CYP3A5, CYP2C9, CYP2C19 and tamoxifen metabolites. 
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 3.11.2 Negative studies on breast cancer patients using adjuvant 

Tamoxifen  

 Okishiro M and colleagues [78], their result shown that no significant 

difference recurrence free survival (RFS) between CYP2D6*10/*10 and patients with 

homozygous CYP2D6 wild type or heterozygous CYP2D6 genotype. RFS did not 

significant difference between CYP2C19*2/2, *2/*3, *3/*3 and CYP2C19 wt/wt, 

wt/*2, wt/*3. So, they concluded that the CYP2D6*10/*10 and CYP2C19 genotypes 

were not associated with recurrence free survival of primary breast cancer patients 

treated with adjuvant tamoxifen.  

  Wegman P and colleagues [79] reported the conflicting result that had 

significantly better disease free survival in post-menopause patients with homozygous 

CYP2D6*4 and had significantly improved RFS in patients with homozygous 

CYP3A5*3 alleles (HR = 0.20, P = 0.002) but there were no difference between 

genotypes of CYP2D6, SULT1A1 or UGT2B15 and recurrence free survival time. 

 Toyama T and colleagues [80], found that the result had no significantly 

correlations between CYP2D6*10 genotype and clinical pathologic parameters and 

there was no significantly association between CYP2D6*10 and DFS, DDFS, BCSS or 

OS in breast cancer patients who had received adjuvant tamoxifen. 

 

 

3.12 Pharmacogenetics of Aromatase Inhibitor therapy 

 Aromatase inhibitors used for treatment in post-menopausal women 

because of aromatase enzyme are mediated conversion of androstenedione to estrone 

in peripheral tissue. So, it is drug of choice for therapy in breast cancer patients with 

post-menopause status. It divided into two mechanisms included that first, Anastrazole 

and letrozole inhibit aromatase that the enzyme reversibly bind to heme component of 

aromatase enzyme and they are catalyzed the conversion of androstenedione to 

estrone. Both drugs are used in advance breast cancer. The secondary enzyme is 

exemester that irreversibly bind to substrate complex, permanently inactivating 

aromatase and had led to prolong estrogen deficiency [81]. Aromatase, an enzyme of 

the cytochrome P450 subfamily and the product of the CYP19A1 gene, is highly 

expressed in the placenta and in the granulose cells of ovarian follicles in 



Montri Chamnanphon  Literature Review / 24 

 

premenopausal women. Its expression depends on cyclical gonadotropin stimulation 

[3]. In addition, aromatase is also present at lower levels in several non-glandular 

tissues that include subcutaneous fat, liver, muscle, brain, normal breast and breast 

cancer tissue [4]. Estrogen production after menopause is solely from non-glandular 

sources, particularly subcutaneous fat. In menopause, androstenedione produced in the 

adrenals and, to a small extent, testosterone produced in the ovaries are released to the 

circulation and then sequestered to non-glandular tissues (e.g. liver and breast cells), 

where they are converted to estrone and estradiol, respectively, by aromatase located 

in these tissues [5]. In the liver and in breast tissue, estrone and estradiol undergo 

oxidation by cytochrome P450s to a number of hydroxylated metabolites [6]. Estrone 

and estradiol in these tissues also undergo conjugation by sulfotransferases or 

deconjugation by steroid sulfates [7]. In all tissues, hydroxysteroid (17-beta) 

dehydrogenase (HSD17B) converts androstenedione to testosterone and estrone to 

estradiol [5]. Furthermore, from previous studied [81], Yu KD and colleagues had 

been suggested that the efficacy of tamoxifen treatment in post-menopausal women 

with breast cancer who present with CYP2D6 homozygous (EM) wild type is similar 

to patients receiving aromatase inhibitors (AI).  

 

 

3.13 Estrogen receptor 

 An estrogen receptor is a protein molecule found inside those cells that are 

targets for estrogen action. Estrogen receptor plays the major role for 

pharmacodynamics and plays an important role in the development and growth of the 

mammary gland during puberty, pregnancy, and lactation. Increased exposure of E2 

(natural estrogen receptor agonist) including early menarche and later menopause, is 

associated with increased risk of breast cancer, and may contribute to tumor growth 

[83-85]. There are two different forms of the estrogen receptor consist of ERα and 

ERβ. Two form of estrogen receptors are encoded of dissimilar genes, ESR1 and ESR2 

on the sixth and fourteenth chromosome (6q25.1 and 14q23.2), respectively. Estrogen 

hormone activated estrogen receptors predominantly to form ERα (αα) or ERβ (ββ) 

homodimers and sometime ERαβ (αβ) heterodimers which depend on the different 

type of estrogenic ligands, cell types or cell status whether is normal or disease state 
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[83, 86]. E2 treatment stimulates breast cancer cell proliferation and the growth of 

human tumor. Tamoxifen binds to the estrogen receptor by competition with natural 

estrogen hormone. After tamoxifen binding, breast cancer cell proliferation undergoes 

down regulation due to the lack of estrogen stimulate signaling [87]. Therefore 

estrogen receptor plays the major role in predictive factors to hormonal treatment 

response. Immunohistochemistry is the standard technique to determine the 

individuals’ estrogen receptors status to being the criteria for tamoxifen or aromatase 

inhibitors adjuvant therapy. Patients who are hormonal sensitive, ERα positive, or with 

expression of the E2-stimulated PR are received the anti-hormone or aromatase drugs 

and have longer time to recurrence (disease-free or relapse-free survival time), than 

the patients who are not hormonal sensitive [84, 85, 88-91]. However, not all of the 

ERα positive patients’ response to the tamoxifen so the additional markers to predict 

clinical responses are still needed and sought. The absence of PR has been one 

predictor for poor responses to tamoxifen [90, 91]. Because the PR gene is ER-

regulated, its expression has been interpreted to indicate a functioning ER and, 

therefore, an E2-responsive tumor. Alternative growth factor-sensitive pathways, 

identified by the presence of the EGF receptor family member HER2, are also 

associated with poor response to endocrine therapy and may cause decreased PR 

expression [91-93]. As mention before, there are two subtypes of ER, ERα and the 

more recently isolated receptor named ERβ with different expression profiles in 

normal and malignant tissues, let us to the new knowledge that ER+ breast tumors 

might be even more heterogeneous than originally supposed [87]. The biological 

information of ERβ has become available to date, its potential role in breast tumor 

formation and response to endocrine therapy is of considerable interest and 

investigation [94]. The study shows that expression of ERβ is an independent marker 

for favorable prognosis after adjuvant tamoxifen treatment in ERα -negative breast 

cancer patients [95]. 
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3.14 Current status of microarray based testing 

 

3.14.1 Clinical microarray testing  

In recent years, a new technology, DNA microarray is measure of the 

expression of thousands of genes simultaneously. DNA microarrays rely on the 

hybridization properties of nucleic acids to monitor DNA or RNA abundance on a 

genomic scale in different types of cells. It seems to be an important tool for diagnosis 

of diseases at a molecular level. Applications are for example the improvement of 

diagnosis and treatment of cancer and the improvement of the effectiveness of drug. 

Clinical microarray based test has led to study in the treatment and diagnosis of 

diseases. Recently, it used to detect disease marker and various genotypes, have 

significant part of clinical diagnostic, and hold promise in improve disease diagnosis, 

patient stratification in clinical trial, and selection of the appropriate drug and to guide 

dosage adjustment. The AmpliChip P450 Test contained for two cytochrome P450 

genes (included CYP2D6 and CYP2C19). This information genotype may be used for 

help the clinician in determining the appropriate drug and dose for therapeutics, and 

determining the therapeutic strategy for improvement patient outcome by improve 

drug efficacy and increase patient outcome [96-98].  

 Microarray based technology has recently introduced into various clinical 

tests as the advantage over to the traditional DNA based tests and histopathological 

assays. Their unique ability are including to simultaneously measure the relative 

expression level of a large number of clinically relevance genes, or to genotype a large 

number of allelic variants at one or more loci at once. These features are essential for 

the accurate diagnosis and prognosis of disease with genetic complexity contribution. 

The increasing number applications of microarray technology to drugs development, 

drugs safety and efficacy are exponentially growing in pharmacogenomics field. Gene 

technology pave a way toward personalize medicine. This microarray technology has 

led to improve patient outcome by decrease adverse drug reactions and improve drug 

efficacy [97, 99]. The AmpliChip CYP450 Test, for example is the first US FDA 

approved based tests for diagnostic applications.  

The test is intended to identify CYP2D6 and CYP2C19 genotypes and 

predicted phenotypes from genomic DNA extracted from a whole blood sample. These 
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genes regulate the metabolism of prescribed drugs of approximately 25 % [100].  

There are four predicted phenotypes: poor, intermediate, extensive and ultra-rapid 

metabolizers.  The interpreted results may help the clinician for determining the 

appropriate drug and doses. This test has the potential to replace lengthy trial 

approaches and provide a quick and more efficient mean for individual optimizing 

treatment (Figure 3.2). Several microarray based clinical testing are currently 

available (Table 3.7). 

 

 

Figure 3.2 Patterns of AmpliChip CYP450 test: from establish genotype, 

predicted phenotype to optimized drug dose [97]. 

 

The AmpliChip CYP450 Test has been designed to be comprehensive in 

reporting the most common allelic variants of both CYP2D6 and CYP2C19. 

Nonfunctional CYP2C19 composed of two allelic variants (CYP2C19*2 and *3), each 

leading to enzyme activity, account for the virtually 100% of Asian poor metabolizers, 

and between 85%–90% of Caucasian and African poor metabolizers [100]. In contrast, 

the CYP2D6 locus is far more polymorphic and has unique challenges in terms of the 

breath of genetic variation that underlies inherited enzyme activity aberrancies, 

including gene deletion (CYP2D6*5), various types of point mutations, in-frame 

deletions and gene conversion events. CYP2D6 gene duplication of functional alleles 
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can lead to excesses in enzyme activity [20]. The AmpliChip CYP450 test microarray 

contains more over 15,000 oligonucleotide probe querying for over 30 polymorphisms 

of the CYP2D6 gene and 2 single nucleotide polymorphisms within the CYP2C19 

gene, reporting 33 variant alleles, including 7 duplicated alleles of CYP2D6 and 3 

alleles of CYP2C19. The genotyping accuracy of the AmpliChip CYP450 Test was 

excellent when tested against direct sequencing analysis of over 400 clinical samples 

with a sensitivity of 99.2% and a specificity of 100% for CYP2D6 and a sensitivity of 

and specificity of 100% for CYP2C19 (Table 3.6). This accuracy is due primarily 

from the use of redundant probe tiling on the microarray, which in turn allows one to 

set very robust cutoffs to discriminate between homozygous wild-type or mutants or 

heterozygotes. The single block contains with 40 oligonucleotide sequences and up to 

six blocks contain with a total of 240 oligonucleotide probes are used for the 

determination of each genetic alteration, and over 15,000 probes are synthesized on 

the microarrays’ chip. From an assay development point of view, the human CYP2D6 

locus provides many of the challenges seen in other parts of the genome, including the 

presence of highly conserved nonfunctional pseudogenes [44]. Several studies 

reported that the associations between CYP2D6 or CYP2C19 genotype and drug 

responses, and the genes are considered valid biomarkers by the FDA. The medical 

community is not well versed in the use of such genetic information in making 

treatment decisions. Thus, even when robust FDA-approved in vitro diagnostics such 

as the AmpliChip CYP450 Test are available, further clinical research will be needed 

to establish where such genotype information will provide the greatest benefit to 

maximize drug efficacy and enhance drug safety [102]. 

 

Table 3.6 Performance of AmpliChip CYP450 Test
a 

 

 
CYP2D6 CYP2C19 

Samples Accuracy (%) Samples Accuracy (%) 

Specificity 

(normal alleles) 
100 100 270 100 

Sensitivity 

(mutant alleles) 
492 92.2 246 99.5 

a
Data were quoted from the package insert of AmpliChip CYP450 Test 
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3.14.2 Types of Microarrays [97, 103]  

The Microarray experiments can be categorized in three methods depends 

on the kind of immobilized sample used construct arrays and the information fetched. 

Microarray expression analysis: the cDNA derived from the mRNA of known genes is 

immobilized. The sample has genes from both the normal as well as the diseased 

tissues. Spots with more intensity are obtained for diseased tissue gene if the gene is 

over expressed in the diseased condition. This expression pattern is then compared to 

the expression pattern of a gene responsible for a disease. Microarray for mutation 

analysis:  the researchers use gDNA. The genes might differ from each other by as less 

as a single nucleotide base. A single base difference between two sequences is known 

as Single Nucleotide Polymorphism (SNP) and detecting them is known as SNP 

detection. Comparative Genomic Hybridization: It is used for the identification in the 

increase or decrease of the important chromosomal fragments harboring genes 

involved in a disease.   

     

3.14.3 Applications of Microarrays [99, 103, 104]    

Gene discovery, DNA microarray technology helps in the identification of 

new genes, know about their functioning and expression levels under different 

conditions. Disease diagnosis, DNA microarray technology helps researchers learn 

more about different diseases such as heart diseases, mental illness, infectious disease 

and especially the study of cancer. Until recently, different types of cancer have been 

classified on the basis of the organs in which the tumors develop. Now, with the 

evolution of microarray technology, it will be possible for the researchers to further 

classify the types of cancer on the basis of the patterns of gene activity in the tumor 

cells. This will tremendously help the pharmaceutical community to develop more 

effective drugs as the treatment strategies will be targeted directly to the specific type 

of cancer. Drug discovery; microarray technology has extensive application 

in pharmacogenomics. Pharmacogenomics is the study of correlations between 

therapeutic responses to drugs and the genetic profiles of the patients. Comparative 

analysis of the genes from a diseased and a normal cell will help the identification of 

the biochemical constitution of the proteins synthesized by the diseased genes. The 

researchers can use this information to synthesize drugs which combat with these 
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proteins and reduce their effect. Toxicological research; microarray technology 

provides a robust platform for the research of the impact of toxins on the cells and 

their passing on to the progeny. Toxicogenomics establishes correlation between 

responses to toxicants and the changes in the genetic profiles of the cells exposed to 

such toxicants. 
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CHAPTER IV 

MATERIALS AND METHODS 

 

 

4.1 Subjects 

 Between February 1997 and January 2008, forty eight patients were 

recruited from department of medicine, Ramathibodi hospital. The inclusion criteria 

included Thai women age over 18 years old, breast cancer patients who received 

adjuvant tamoxifen and histological diagnosis of breast cancer with estrogen and/or 

progesterone receptor positive. Patients had received coincident or previous other 

malignancy and had received co-medication of SSRIs (selective serotonin reuptake 

inhibitors) was excluded from this study because of the information of SSRIs was 

interact with tamoxifen. These breast cancer patients were classified in two groups 

(Figure 4.1). To increase the statistical power of this study, we ruined the individual 

matching and used all available control after verifying by the clinician. However, that 

the breast cancer patients cases and controls had similar characteristics. The patients in 

group 1 consisted of breast cancer patients who had recurrence of breast cancer while 

receiving adjuvant tamoxifen was defined as a case group. The group 2 consisted of 

breast cancer patients who had already completed 5 years of adjuvant tamoxifen 

treatment been defined as a control group. The information of patients clinical data 

which collected from medical records composed of age at diagnosis of breast cancer, 

date of surgery, type of surgery, menstruation status, ER/PR status, her -2 status, 

histologic grading tumor, lymphovascular involvement status, surgery margin status, T 

stage of tumor, nodal involvement, number of nodes dissection, start and stop date of 

chemotherapy either neoadjuvant or adjuvant setting, start and stop date of adjuvant 

radiotherapy, start and stop date of tamoxifen and date and site of the first disease 

recurrence were recorded. The study was reviewed by the ethics committee of 

Ramathibodi Hospital (MURA2010/541/S3) and all patients written informed consent 

before enrolled. In this study, the definition of disease free survival as the survival 

endpoint was defined as the time from surgery to the occurrence of breast event. 
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(local, regional, or distant occurrence or contralateral breast cancer) or death from any 

cause. Patients who were alive without a breast recurrence were censored at the date of 

their last disease evaluation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Research design procedure 

48 Breast cancer patients treated with adjuvant tamoxifen 

(Genomic DNA) 

24 Breast cancer patients with 

non-recurrence (Genomic DNA)             

: Control 

 

24 Breast cancer patients with 

recurrence (Genomic DNA)             

: Case 

 

Genotyping study by Microarray technique 

Amplichip CYP450 test (CYP2D6 & CYP2C19) 

Hardy-Weinberg equilibrium analysis in Breast cancer 

patients by Haploviews v. 4.2 

 

Association Analysis of SNPs and Haplotype 

By Haploviews v. 4.2 

Survival analysis by clinical data and genetic factors 

By STATA v. 12 
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4.2 Materials 

 

4.2.1 Instruments  

- Applied Biosystems Gold-plated 96-Well GeneAmp System 9700        

thermal cycler (Applied Biosystems, Foster City, CA) 

- Affymetrix GeneChip Fluids Station 450Dx  

- Affymetrix GeneChip Scanner 3000Dx  

 

4.2.2 Reagents and GeneChip 

- DNase I, RNase-free recombinant (Roche Diagnostics) 

- Alkaline Phosphatase, from calf intestine (Roche Applied Science) 

-Terminal transferase, recombinant (includes 5X terminal Transferase 

reaction buffer and CoCl2 solution) (Roche Applied Science) 

- Streptavidin, R-phycoerythrin conjugate, 1 mg/mL (Roche Diagnostics) 

- CYP450 master mix 

- CYP450 primer A 

- CYP450 primer B 

- Mg
2+ 

 

- TdT labeling 

- B1 oligonucleotide solution 

- CYP450 microarray Gene Chip 

- CYP450 positive control  

- CYP450 negative control 

- 0.5 M EDTA, pH 8.0 (Invitrogen Corp., Carlsbad, CA)  

- Water, distilled or deionized 

- Water, molecular biology grade, nuclease-free 

- AccuGENE 20X SSPE buffer (Cambrex, Rockland, ME)  

- Triton
®
 X-100 surfactant (Sigma-Aldrich, St. Louis, MO) 

- Denhardt 
'
s solution, 50X concentrate (Sigma-Aldrich) 

- Sodium azide solution, 5% (w/v) (VWR international, Mississauga,   

Ontario) 

- Acetylated bovine serum albumin, 20 mg/mL (Sigma-Aldrich)  
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4.3 Methods 

 The AmpliChip CYP 450 (CYP2D6 and CYP2C19) Test is composed of 

five main steps; PCR amplification of DNA extraction; fragmentation and labeling of 

the amplified products; hybridization and staining; scanning of microarray; and 

analysis of the CYP450 genotypes and predicted phenotypes. 

 

4.3.1 Specimen and control preparation 

Genomic DNA was extracted from each whole blood (EDTA tube). The 

DNA must be at a concentration of approximately 2-20 ng/µL (50-500 ng/PCR) and 

have an A260/A280 ratio of 1.50-1.85. If the DNA must be diluted, use 10 mM Tris-HCl, 

0.1 mM EDTA, 0.09% sodium azide, pH 8.0 as diluent. Store undiluted and diluted 

specimen DNA at 2-8 
o
C for up to one week or frozen at -20 

o
C for up to one month 

with no more than three freeze-thaw cycles. Prepare the working CYP450 positive 

control as follow: To a labeled 2.0 mL screw-cap tube, add 54 µL  A-CHIP (-) C and 

CYP450 (+) C. Cap the tube and vortex for 5 seconds. 

 

4.3.2 Reagent preparation 

Place 96 well plate into the MicroAmp tray and lock in place with retainer. 

Equilibrate working master mix components (Table 4.1) for 15 minutes at room 

temperature. Mix working master mix components by inverting 10-15 times and label 

two 2.0 mL tubes as A and B and then prepare working master mix A and working 

master mix B by pipetting the reagent volumes. Cap tubes and invert 10-15 times to 

mix.  

 

Table 4.1 Preparation of working master mixes A and B 

 

Working master mixes A and B 

Reagents 1 reaction 

AmpliChip CYP450 Test master mix 25μl 

AmpliChip CYP450 Test primer mix A or primer mix B 25μl 

AmpliChip CYP450 Test magnesium chloride solution 25μl 

Total volume 75μl 
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Working master mix A and B must be used within 1 hour of preparation. Pipette 75 µL 

working master mix A and B into two amplification tube for each specimen and 

control. Do not cap the reaction tubes at this time. Fill remaining amplification tubes 

that will not be used for specimen or control with 100 µL water. Place the tray 

containing working master mix A and B in resealable plastic bag and seal the plastic 

bag securely until ready to use. Working master mix A and B are stable for 1 hour at 

room temperature. Add 25 µL of each prepared specimen, working CYP450 positive 

control and negative control to the appropriate amplification tube containing working 

master mix A and B. Cap the amplification tubes. Once prepared specimens and 

controls are added to working master mix A and B, amplification must be started 

within 15 minutes. Transfer the prepared specimens and controls in the amplification 

tray. The remainder of the prepared specimens may be stored at 2-8 
o
C for 1 week or at 

-20 
o
C for up to 1 month, with up to three freeze-thaw cycles. 

 

4.3.3 Amplification 

Program the thermal cycler 9700 for the AmpliChip CYP450 Test as 

follows: 

 HOLD Program:   2 min 50 
o
C 

 HOLD Program:   10 min 95 
o
C 

 CYCLE Program (35 cycles): 20 sec 95 
o
C, 4 min 67 

o
C 

 HOLD Program:   7 min 72 
o
C 

 HOLD Program:   4 
o
C Indefinitely 

Place the tray or retainer assembly into the thermal cycler block and ensure 

that all of the tubes are tightly capped. Before start the method program. Set the ramp 

speed to max and reaction volume to 100 µL in the method options screen. Press start 

again. The program runs approximately 3 hours and 30 minutes. Upon completion of 

amplification including the 72 
o
C HOLD step, removed the tray from the thermal 

cycler and place in the MicroAmp base. If necessary, reaction tubes can be left in the 

thermal cycler at 4 
o
C for up to 18 hours after amplification has completed. If 

amplicon fragmentation will not be performed within 30 minutes of removing reaction 

tubes from the thermal cycler, store the amplification tray at -20 
o
C. The amplified 

products can be stored at -20 
o
C up to 1 week.  
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4.3.4 Fragmentation and labeling of the amplified products 

Prepare a solution of 20 mM EDTA by adding 1 mL 0.5 M EDTA to 24 

mL of deionized water and mix thoroughly. 20 mM EDTA is stable for 6 months from 

the date of preparation, stored at 2-8 
o
C in a clean and closed plastic container. Prepare 

working fragmentation mix for 24 fragmentation reactions as followed by pipetting the 

volumes listed in the (Table 4.2). Below in the specified order into a 2.0 mL tube that 

is kept on ice and briefly vortex working fragmentation mix. 

 

Table 4.2 Preparation of working fragmentation mix 

 

Fragmentation mix 

Reagents 24 reactions (µL) 

Water, nuclease-free 191.4 

20 mM EDTA 3.3 

Alkaline Phosphatase(1 U/ µL ) 22 

DNase I, RNase-free recombinant (10 U/µL) 3.3 

Total volume 220 µL 

 

Label a new MicroAmp tray/retainer assembly as fragmentation. One 

reaction tube is needed for each specimen and control. Place the tubes in the 

MicroAmp tray and lock in place with retainer, and place on ice. Remove the caps 

from the working master mix A and B amplification tubes. Gently mix amplicon by 

pipetting up and down three times before removing and transferring 8 µL of the 

amplicon from each working master mix A and B reaction into the appropriate tube of 

the fragmentation tray on ice. Add 8 µL working fragmentation mix to each of the 

tubes containing amplicon in the fragmentation tray on ice. Gently mix each specimen 

and control by pipetting up and down three times with the pipette. Cap the reaction 

tubes. Immediately transfer the Fragmentation tray/retainer assembly into the 9700 

thermal cycler programming as follow with the DNase fragmentation thermal cycling 

Protocol: 

HOLD Program:   20 min 25 
o
C 

 HOLD Program:  10 min 95 
o
C 
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 HOLD Program:  4 
o
C

  
Indefinitely 

Before start the method program. Set the ramps to max and reaction 

volume to 24µL in the method options screen. Press start again. The program runs 

approximately 40 minutes. Upon completion of fragmentation, prepare the working 

labeling for 24 labeling reaction as follows by pipetting the volumes listed in the 

(Table 4.3) below in the specified order into a 2.0 mL tube that is kept on ice: 

 

Table 4.3 Preparation of working labeling mix 

 

Working labeling mix 

Reagents 1 reaction (µL) 

5X Terminal Transferase Reaction Buffer 6.8  

25 mM CoCl2 0.8   

AmpliChip TdT Labeling Reagent (TdT) 0.8  

Terminal transferase, recombinant (400 U/ µL) 1.6  

Total volume 10 µL 

 

Briefly vortex the working labeling mix. Remove the fragmentation tray 

from the thermal cycler and place into an amplification base. Remove the caps from 

the fragmentation tubes carefully to avoid creating aerosols of the fragmentation 

amplicon. Add 10 µL Working Labeling Mix into each of the tubes containing 

amplicon in the Fragmentation Tray. Gently mix each specimen or control by pipetting 

up and down three times with the pipettor. Cap the reaction tubes with new caps. 

Immediately transfer the fragmentation tray or retainer assembly into the 9700 thermal 

cycler programmed as follows with the labeling thermal cycling protocol:  

HOLD Program:  35 min 37 
o
C 

 HOLD Program:  5 min 95 
o
C 

 HOLD Program:  4 
o
C Indefinitely 

Start the method program. Set the ramp speed to max and reaction volume 

to 34 µL in the method options screen. Press start again. The program runs 

approximately 45 minutes. Upon completion of labeling of the fragmented amplicon, 

remove the fragmentation tray from the thermal cycler and place into an amplification 

base. Store the fragmentation tray at 2-8 
o
C for up to 18 hours until ready to perform 
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the microarray hybridization. If not proceeding to the hybridization step within 18 

hours, store the labeled fragmentation tray at -20 
o
C. The labeled fragmented amplified 

products can be stored at -20 
o
C for up to 1 week. 

 

4.3.5 Hybridization 

Prepare a solution of 10% Triton X-100 by slowly pipetting 10 mL Triton 

X-100 into a clean empty container, then adding 90 mL water. Mix well. 10% Triton 

X-100 is stable for 6 months from the date of preparation, stored at 15-30 
o
C in a 

clean, closed plastic container that protects the Triton X-100 from exposure to light. 

Prepare hybridization buffer by adding the component volumes listed in the following 

(Table 4.4) to a 0.5 mL tube and mixing by inversion: 

 

Table 4.4 Preparation of hybridization buffer 

 

Hybridization buffer 

Reagents 1 reaction (µL) 

20X SSPE 125 

10% Triton X-100 2.5 

B1 Oligo 50 

50X Denhardt 
,
s Solution 10 

5% Sodium azide 9 

Water, deionized or distilled 303.5 

Total volume 0.5 mL 

 

Hybridization buffer is stable for 6 months from the date of preparation, 

stored at 2-8 
o
C in a clean, closed plastic container. Prepare stain solution by adding 

the component volumes listed in the following (Table 4.5) to a 0.5 mL tube wrapped 

in foil and vortex for 30 seconds:  
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Table 4.5 Preparation of stain solution 

 

Stain solution 

Reagents 1 reaction (µL) 

20X SSPE 140 

Acetylated Bovine Serum Albumin (20 mg/mL) 25 

Streptavidin, R-phycoerythrin conjugate (1 mg/mL) 5 

5% Sodium azide 9 

Water, deionized or distilled 321 

Total volume 0.5 mL 

 

Stain Solution is stable for 6 months from the date of preparation, stored at 2-8 
o
C in a 

clean, closed plastic container that protects the Stain Solution from exposure to light. 

4.3.5.4 Prepare Wash Buffer by combining the component volumes listed in the 

following (Table 4.6) in a suitable container and mixing thoroughly: 

 

Table 4.6 Preparation of wash buffer 

 

Wash buffer 

Reagents 1 liter 

20X SSPE 150 mL 

10% Triton X-100 0.5 mL 

5% Sodium azide 18 mL 

Water, distilled or deionized 831.5 mL 

Total volume 1.0 L 

 

Label one 1.5 mL tube for each specimen and control. Add 500 µL 

hybridization buffers to each tube. Mix each fragmented/labeled specimen and control 

amplicon with the pipette and then add 20 µL to the appropriately labeled tube. Cap 

the tubes and vortex each tube for 10 seconds. Incubate the tubes at 95 
o
C for 10 

minutes in a dry heat block. Remove the tubes from the heat block and immediately 

place each tube in the ice water bath. Add 500 µL stain solution into the appropriate 

number of 1.5 mL tubes, one for each specimen and control. Label one array for each 

specimen and control. 
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4.3.6 Hybridization and staining 

Load the appropriated tube that contain hybridization buffer and denatured 

fragmented/labeled amplicon to position 1 and a tube containing stain solution to 

position 2 of each module to be used on the GeneChip fluidics station. After 

hybridization and staining are completed, remove the array from the GeneChip fluidics 

station before closing the washblock door. Visually inspect the array window for air 

bubbles. If air bubbles are present, reinsert the array, close the washblock door and the 

GeneChip fluidics station will automatically refill the array with wash buffer. Follow 

the module instructions to complete the protocol. 

 

4.3.7 Microarray scan and report  

To prevent leaked of liquid from the array, apply one tough-spot over each 

of the two septa located on the back of each Array and press to ensure that the spots 

remain flat.  Load the array into the scanner autoloader; they may be loaded in any 

order and scan arrays with AMDS and AmpliChip CYP450 data analysis software. 

Before start scanner, select CYP2D6, CYP2C19 or both to define the desired report on 

the additional information window or batch information window within the AmpliChip 

CYP450 test data analysis software. Start the scanning function. The results will be 

automatically generated after scanning and can be reviewed by following the links in 

AMDS. 

 

 

4.4 Results interpretation 

 

4.4.1 CYP2D6 genotypes and phenotypes 

DNA samples were isolated by the salting out procedure and were adjusted 

to a concentration of 20 ng/µl, and purified DNA was amplified by PCR. AmpliChip 

CYP 450 test used for detection of CYP2D6 and CYP2C19 polymorphisms according 

to the manufacturer’s instructions. The AmpliChip CYP 450 microarray contained 

with over 15,000 different oligonucleotide probes that was synthesized on a glass 

surface to analyze both sense and antisense strands of an amplified target DNA 

samples. The AmpliChip CYP450 microarray assay dist inguished 29 known 
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polymorphisms in the CYP2D6 gene including gene duplication and gene deletion. 

The polymorphisms of CYP2D6 were detected results in the identification of 33 alleles 

(Table 4.7). i.e. 

Normal functional alleles  : *1,*2,*35 

Reduced functional alleles  : *9,*10, *14B, *17,*29,*36,*41,*10XN, *17XN  

  and *41XN 

Nonfunctional alleles         : *3, *4, *5, *6, *7, *8, *11, *14A, *15, *19,*20,  

    *31, *40 and *4XN 

Duplicated alleles (increased functional): *1XN, *2XN and *35XN 

Unknown functional alleles : *25, *26, *30   

 

The combination of polymorphisms allows for the prediction of the likely enzymatic 

activity of the CYP2D6 allelic gene product [11]. The nucleotide changes listed in bold 

font define the allele. 
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Table 4.7 Cytochrome P450 2D6 mutation detected 33 alleles 

 

CYP2D6 

alleles 

Nucleotides change Effect Enzyme 

Activity 

*1 None  Normal 

*2ABD -1584G, 1039C>T, 1661G>C, 

2850C>T,4180G>C 

R296C, S486T Normal 

*3 2549Adel 259Frameshift None 

*4ABDJ

K 

100C>T, 1039C>T, 1661G>C, 

1846G>A, 2850C>T, 4180G>C 

splicing defect None 

*5 Gene deletion CYP2D6 

deleted 

None 

*6ABC 1707Tdel, 1976G>A, 4180G>C 118Frameshift None 

*7 2935A>C H324P None 

*8 1661G>C, 1758G>T, 

2850C>T,4180G>C 

G169X None 

*9 2613-2615delAGA K281del Reduced 

*10AB 100C>T, 1039C>T, 1661G>C, 

4180G>C 

P34S Reduced 

*11 883G>C, 1661G>C, 2850C>T,4180G>C Splicing defect None 

*14A 100C>T, 1758G>A, 2850C>T,4180G>C G169R None 

*14B 1661G>C,1758G>A, 

2850C>T,4180G>C 

G169R Reduced 

*15 138 ins T 46Frameshift None 

*17 1023C>T, 1661G>C, 

2850C>T,4180G>C 

T107I, R296C Reduced 

*19 1661G>C, 2539-2542delAACT, 

2850C>T,4180G>C 

255Frameshift None 

*20 1661G>C, 1973insG,1978C>T, 

2850C>T, 4180G>C 

211Frameshift None 

*25 3198C>G R343G Unknown 

*26 3277T>C I369T Unknown 

*29 1659G>A, 1661G>C, 2850C>T, 

3183G>A, 4180G>C 

V136I, V338M Reduced 
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CYP2D6 

alleles 

Nucleotides change Effect Enzyme 

Activity 

*30 1661G>C, 1855-1863ins 

(TTTCGCCCC)repeat, 

2850C>T,4180G>C 

174_175insFRP Unknown 

*31 1661G>C,2850C>T,4042G>A,4180G>C R440H None 

*35 -1584G, 31G>A,1661G>C, 

2850C>T,4180G>C 

V11M Normal 

*36 100C>T,1039C>T, 1661G>C,4180G>C,  

gene conversion to CYP2D7 in exon 9 

P34S Reduced 

*40 1023C>T, 1661G>C,1863ins(TTT 

CGC CCC)2; 2850C>T,4180G>C 

T107I, 

174_175insFRP

x2 

None 

*41 -1584C, 1661G>C, 2850C>T, 

2988G>A, 4180G>C 

R296C, 

splicing defect, 

S486T 

Reduced 

*1XN Duplicate active *1 genes  

(n is not determined-range 2-13) 

N active  

genes 

Increased 

*2XN Duplicate active *2 genes  

(n is not determined-range 2-13) 

N active  

genes 

Increased 

*4XN Duplicate inactive *4 genes  

(n is not determined) 
 

None 

*10XN Duplicate partially active *10 genes 

(n is not determined) 
 

Reduced 

*17XN Duplicate partially active *17 genes (n is 

not determined) 
 

Reduced 

*35XN Duplicate partially active *35 genes (n is 

not determined) 
 

Increased 

*41XN Duplicate partially active *41 genes (n is 

not determined) 
 

Reduced 

 

4.4.2 Predicted CYP2D6 phenotypes  

The combination of the activity of the enzymes encoded by the two 

CYP2D6 alleles determines the overall metabolic activity for individual. There are 

four phenotypic types (Table 4.8):  

 Poor metabolizers (PM): No enzyme activity, increased risk for drug 

toxicity/side effects and little to no therapeutic effect with pro -drugs. Genotypes 

consistent with the poor metabolizer phenotype are those with no active CYP2D6 

alleles. 
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 Intermediate metabolizers (IM):  Reduced enzyme activity,  some 

therapeutic effect with increased potential for toxicity/side effects. Genotypes 

consistent with the intermediate metabolizer phenotype are those with one active and 

one inactive CYP2D6 allele, one inactive and one partially active CYP2D6 allele, or 

two partially active CYP2D6 alleles 

 Extensive metabolizers (EM):  N o r m a l  e n z ym e  a c t i v i t y,  d r u g  i s 

metabolized efficiently, resulting in therapeutic effect with minimal toxicity. 

Genotypes consistent with the normal metabolizer phenotype include two active 

CYP2D6 alleles or one active and one partially active CYP2D6 allele. Increased 

caution may be appropriate for individuals having one partially active allele. 

 Ultra-rapid metabolizers (UM):  Excess enzyme activity,  drug is 

extensively metabolized, resulting in increased or lack of therapeutic effect depending 

on pro-drug status. Genotypes consistent with ultra-metabolizer phenotype include 

three or more active CYP2D6 alleles due to duplication of an active allele. 

 

4.4.3 CYP2C19 genotypes and phenotypes 

 CYP2C19 genotypes distinguished 2 polymorphisms and determination of 

3 alleles (Table 4.9). The two of most common allele variant of CYP2C19 (i.e. 

CYP2C19*2 and CYP2C19*3) result in a nonfunctional enzymes (Table 17). 

 

Table 4.8 Cytochrome P450 2C19 mutations detected 3 alleles 

 

CYP2C19 allele Nucleotide change Predicted Enzyme Activity 

*1 None (wild type) Normal 

*2 681G>A None 

*3 636G>A None 
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Table 4.9 Drug metabolism phenotypes associated with CYP2C19 allelic variants 

 

Allele 1 2 3 

1 E E E 

2  P P 

3   P 

 

The combination of the activity of the enzymes encoded by the two 

CYP2D6 alleles determines the overall metabolic activity for individual. There are two 

phenotypic types:  

 Poor metabolizers (PM): are at increased risk of drug-induced side effects 

due to diminished drug elimination or for pro-drugs lack of therapeutic effect resulting 

from failure to generate the active form of the drug. Genotypes consistent with the 

poor metabolizer phenotype are those with no active CYP2C19 alleles. 

 Extensive metabolizers (EM):  Normal enzyme activity; drug is 

metabolized efficiently, resulting in therapeutic effect with minimal toxicity. 

Genotypes consistent with the normal metabolizer phenotype include two active 

CYP2C19 alleles. 

 

 

4.5 Statistical analysis 

 Descriptive statistics were used to describe the clinical characteristics of 

the subjects. Hardy-Weinberg equilibrium was conducted with Haploview 4.2. The 

Fisher’s exact test or Chi-square test was used to compare the different alleles and 

patients characteristics between cases and controls. Disease free survival (DFS) was 

defined as the time from surgery to the occurrence of breast event (local, regional, or 

distant occurrence or contralateral breast cancer) or death from any cause. Patients 

who were alive without a breast cancer relapse were censored at the last follow up 

date. Survival curves were estimated with the Kaplan-Meier method. Statistical 

significance of a relationship between breast cancer outcomes and each of the genetic 

polymorphisms was compared by the log-rank test. The Univariate Cox proportion 
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hazard model was used to estimation the hazard ratio (HR) for comparing the 

genotype of each group. All tests were two sided and P values of less than 0.05 were 

considered statistically significant. Statistical analyses were conducted using STATA 

version 12. 
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CHAPTER V 

RESULTS 

 

 

5.1 The clinical data of breast cancer patients 

 This study used microarray technique for genotyping and identifies 

polymorphisms in CYP2D6 and CYP2C19. The characteristics of these patients can be 

found in Table 5.1. All breast cancer patients who received adjuvant tamoxifen 

treatment for 5 years were recruited. Cases group composed of 24 patients defined as 

patients who had completed 5 years of adjuvant tamoxifen and controls group 

composed of 24 patients defined as patients who had disease recurrence while 

receiving adjuvant tamoxifen therapy. There were no statistically significant 

differences in the clinical characteristics of patients in these two groups. The median 

ages of all women in this study were 50 ± 11 years. Patients received adjuvant 

tamoxifen treatment from February 1997 to January 2008 with a median follow up 

time of control and case group of 100.2 (range, 66.5-173.6) months and 32.5 (range, 

9.0-70.7) months, respectively. The numbers of pre- and post-menopausal women 

were 30 and 18, respectively. All women were estrogen receptor positive by 

immunohistochemistry except one subject estrogen receptor negative but had 

progesterone receptor positive. All women baseline characteristics were similar. 

Twenty four patients had positive axillary lymph nodes. Most patients were treated 

with a modified radical mastectomy. The regimen of adjuvant chemotherapy 

composed of CMF, Adriamycin based and Adriamycin-Taxane based regimens. Three 

patients in this study did not receive adjuvant chemotherapy despite being eligible for 

treatment because they had positive axillary lymph nodes (N1) (two patients in control 

arm and one patient in case arm). The overall median follow up time was 67.3 (range, 

9.1-157.1) months. 
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Table 5.1 Characteristics of breast cancer patients according to two groups 

Characteristics Non-recurrence Recurrence P 

Age (years), n (%) (n=24) (n=24) 0.248
c 

≤ 50 10 (41.67) 14 (58.33)  

>50 14 (58.33) 10 (41.67)  

Menstrual status, n (%)   0.233
c 

Pre-menopause 13 (54.17) 17 (70.83)  

Post-menopause 11 (45.83) 7 (29.17)  

Tumor size (cm.), n (%)   1.000
b 

≤ 2 5 (20.83) 4 (16.67)  

2.1-5 16 (66.67) 17 (70.83)  

>5 3 (12.50) 3 (12.50)  

ER
d
, n (%)   1.000

b 

Positive 24 (100.00) 23 (95.83)  

Negative 0 (0.00) 1 (4.17)  

PR
e
, n (%)   1.000

b,* 

Positive 5 (20.83) 15 (62.50)  

Negative 3 (12.50) 7 (29.17)  

Unknown 16 (66.67) 2 (8.33)  

Her-2, n (%)   1.000
b,* 

Positive 0 (0.00) 1 (4.17)  

Negative 8 (33.33) 17 (70.83)  

Unknown 16 (66.67) 6 (25.00)  

Grading, n (%)   1.000
b,* 

1 2 (8.33) 2 (8.34)  

2 9 (37.50) 12 (50.00)  

3 4 (16.67) 5 (20.83)  

Unknown 9 (37.50) 5 (20.83)  

Lymph node status, n (%)   0.920
c 

0 12 (50.00) 12 (50.00)  

1-3 5 (20.83) 6 (25.00)  

≥4 7 (29.17) 6 (25.00)  

LVI
f
, n (%)   0.796

c,* 

Positive 8 (33.33) 8 (33.33)  

Negative 11 (45.83) 13 (54.17)  

Unknown 5 (20.84) 3 (12.50)  

Margin, n (%)   0.701
b 

Positive 3 (12.50) 5 (20.83)  

Negative 21 (87.50) 19 (79.17)  

Chemotherapy, n (%)   0.179
b 

No chemotherapy 1 (4.17) 2 (8.33)  

CMF
g 

15 (42.50) 9 (37.50)  

Adrinamycin base 8 (33.33) 10 (41.67)  

Adrinamycin-Taxane base 0 (0.00) 3 (12.50)  

Radiation, n (%)   0.376
c 

Yes 8 (33.33) 11 (45.83)  

No 16 (66.67) 13 (54.17)  
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b
Fisher 

'
s exact test; 

c
Chi-square test; 

d
ER, estrogen receptor; 

e
PR, progesterone receptor; 

f
LVI, 

lymphovascular invasion; 
g
CMF; cyclophosphamide,methotrexate,fluouracil, 

*
The data were not 

included in P value analysis 

 

 

5.2 Hardy-Weinberg equilibrium of breast cancer patients  

 CYP2D6 and CYP2C19 genotype frequencies were tested for Hardy-

Weinberg equilibrium by using Haploview 4.2. Samples were successfully genotyped 

100 percent for each SNP, list in Table 5.2. Genotype frequencies for both CYP2D6 

and CYP2C19 of cases and control were in Hardy-Weinberg equilibrium. Hardy-

Weinberg equilibrium probability value (HWpval) of CYP2D6 included that -1584C>G 

(0.1911), 100C>T (0.944), 1039C>T (0.7253), 1661G>C (0.1715), 2850C>T (0.9505), 

and 4180G>C (0.3062), respectively and HWpval of CYP2C19 included that 681G>A 

(1.0) and 636G>A (1.0). Minor allele frequency (MAF) of polymorphisms in CYP2D6 

including -1584C>G, 100C>T, 1039C>T, 1661G>C, 2850C>T, and 4180G>C of 

CYP2D6 were 0.115, 0.49, 0.479, 0.417, 0.115, and 0.406, respectively and two single 

nucleotide polymorphisms (SNPs) had MAF less than 0.05 including 1846G>A 

(0.010) and *36 (0.010). Minor allele frequency of polymorphisms in CYP2C19 

including 681G>A, 636G>A were 0.26 and 0.062, respectively.  

 

Table 5.2 Minor allele frequency of polymorphisms in CYP2D6 and CYP2C19  

 

SNPs Position SNP ID ObsHET PredHET HWpval MAF 

CYP2D6       

-1584C>G 42528382 rs1080985 0.15 0.20 0.191 0.115 

100C>T 42526694 rs1065852 0.48 0.50 0.944 0.490 

1039C>T 42525756 rs1081003 0.46 0.50 0.725 0.479 

1661G>C 42525132 rs1058164 0.38 0.49 0.172 0.417 

1846G>A 42524947 rs1800716 0.02 0.02 1.000 0.010 

2850C>T 42523943 rs16947 0.19 0.20 0.951 0.115 

4180G>C 42522613 rs1135840 0.40 0.47 0.392 0.377 
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SNPs Position SNP ID ObsHET PredHET HWpval MAF 

CYP2C19       

681G>A 96541616 rs4244285 0.40 0.39 1.000 0.260 

636G>A 96540410 rs4986893 0.13 0.12 1.000 0.062 

ObsHET, Observed Heterozygosity; PredHET, Predicted Heterozygosity; HWpval, Hardy-Weinberg P 

value; MAF, Minor Allele Frequency 

The rs numbers in parentheses are the accession numbers in the National Center for Biotechnology 

information single nucleotide polymorphism (SNP) database, dbSNP 

 

 

5.3 Linkage disequilibrium map of CYP2D6 and CYP2C19 

 The results of linkage disequilibrium (LD) map of CYP2D6 and CYP2C19 

SNPs were shown in Figure 5.1. It had one LD block of CYP2D6 that consist of two 

tagSNPs including 100C>T (rs1065852) and 1039C>T (rs1081003), which had length 

of linkage disequilibrium block approximately 0.9 kilo base (kb) . No linkage 

disequilibrium block of polymorphisms in CYP2C19.  

 

 

 

Figure 5.1 Linkage disequilibrium maps of CYP2D6 and CYP2C19 
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5.4 Haplotype analysis of CYP2D6  

  Haplotype analysis showed that CYP2D6 SNPs 100C>T and 1039C>T are 

in linkage disequilibrium (D′= 1.0, r-squared = 0.959), list in Table 5.3. Haplotype 

frequencies comprised of CC (51.0%), TT (47.9%), and CT (1.0%), respectively.  

 

Table 5.3 Haplotype frequencies of CYP2D6  

 

Haplotype Non-recurrence Recurrence Chi-square P 

CYP2D6 Number Freq. Number Freq.   

CC 26 0.54 23 0.48 0.375 0.540 

TT 22 0.46 24 0.50 0.167 0.683 

CT 0 0.00 1 0.02 1.011 0.315 

 

 

5.5 CYP2D6 and CYP2C19 polymorphisms profile 

 This study was determined CYP2D6 and CYP2C19 genotypes of these 48 

patients. Allele frequencies and summarized genotypes and phenotypes are shown in 

Table 5.4. The CYP2D6 allele frequencies were *10 (45.90%), *1 (34.40%), *2 

(10.40%), *5 (4.20%), *41 (2.10%), *4 (1.00%), *35 (1.00%) and *36 (1.00%), 

respectively. There were seven mutant SNPs and one gene conversion of CYP2D6 

from 29 polymorphisms found in this study including -1584C>G, 100C>T, 1039C>T, 

1661G>C, 1846G>A, 2850C>T, 4180G>C, and CYP2D6*36 gene conversion (Table 

5.5), and one gene deletion is CYP2D6*5. The most variant alleles is CYP2D6*10 

(100C>T) that similar frequencies in Asian population. It is rare frequencies of 

CYP2D6 null alleles (*4, *5) in this study compared with Caucasian population (Table 

5.4). The frequencies of CYP2D6 genotype were *1/*1 (16.70%), *1/*2 (2.10%), 

*1/*5 (2.10%), *1/*10 (27.00%), *1/*36 (2.10%), *1/*41 (2.10%), *2/*2 (4.20%), 

*2/*4 (2.10%), *2/*10 (8.30%), *5/*10 (6.20%), *10/*10 (22.90%), *10/*35 (2.10%) 

and *10/*41 (2.10%), respectively, listed in Table 5.7. The most genotype is 

CYP2D6*1/*10 (27.00%). There are two CYP2D6 predicted phenotypes (Table 5.8) 

including EM (*1/*1, *1/*2, *1/*5, *1/*10, *1/*36, *1/*41, *2/*2, *2/*4, *2/*10 and 
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*10/*35) and IM (*5/*10 and *10/*10). However, no homozygous PM and gene 

duplication was observed in this study. The frequencies of homozygous EM patients 

with two functional alleles (EM/EM) were 11 (23.00%) and heterozygous EM patients 

with one reduced or non-functional alleles (EM/IM, EM/PM, and EM/PM) were 22 

(45.80%). There were 12 (25.00%) patients had homozygous IM (IM/IM) with two 

reduced functional alleles and 3 (6.20%) patients had heterozygous IM (IM/PM) with 

one reduced functional allele and one non-functional allele (Table 5.7).  

 The CYP2C19  allele frequencies were CYP2C19*1  (68.80%), *2 

(25.00%), and *3 (6.20%), respectively. There were two mutant SNPs of CYP2C19 

including 681G>A (CYP2C19*2) and 636G>A (CYP2C19*3). The most variant 

alleles were CYP2C19*2 (rs4244285) and CYP2C19*3 (rs4986893), respectively. The 

frequencies of CYP2C19 variant alleles were similar frequencies in South East Asian 

population but it were higher frequencies than Caucasian and African -American 

population (Table 5.4). The frequencies of CYP2C19 genotype were *1/*1 (43.80%), 

*1/*2 (37.50%), *1/*3 (12.50%), and *2/*2, respectively, listed in Table 5.6. The most 

variant CYP2C19 genotype is *1/*2. There are two CYP2C19 predicted phenotypes 

(Table 5.8) including EM (*1/*1, *1/*2, *1/*3) and PM (*2/*2). The frequencies of 

homozygous EM patients with two functional alleles (EM/EM) were 21 (43.80%) and 

heterozygous EM patients with one reduced or non-functional alleles (EM/PM) were 

24 (50.00%). There were 3 (6.20%) patients had homozygous PM (PM/PM) with two 

non-functional allele (Table 5.7).  

The CYP2D6 and CYP2C19 polymorphisms including SNPs, genotypes 

and phenotypes were compared the different between cases versus control group by 

Chi- square test and Fisher’s exact test. All analyses were performed in STATA version 

12.0. 
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Table 5.5 Allelic frequencies of CYP2D6 and CYP2C19 among two groups  

Alleles Total 

No. 

Non-recurrence   

n (%) 

Recurrence  

n (%) 

P  

CYP2D6 (n=48) (n=24) (n= 24)  

-1584C>G, rs1080985     

   CC 39 19 (79.17) 20 (83.33) 1.000
b 

   CG 7 3 (12.50) 4 (16.67) 1.000
b 

   GG 2 2 (8.33) 0 (0.00) 0.489
b 

100C>T, rs1065852     

   CC 13 7 (29.17) 6 (25.00) 0.745
c 

   CT 23 12 (50.00) 11 (45.83) 0.773
c
 

   TT 12 5 (20.83) 7 (29.17) 0.740
c
 

1039C>T, rs1081003     

   CC 14 7 (29.17) 7 (29.17) 1.000
c 

   CT 22 12 (54.55) 10 (45.83) 0.562
c
 

   TT 12 5 (20.83) 7 (25.00) 0.505
c
 

1661G>C, rs1058164     

   GG 11 5 (20.83) 6 (25.00) 0.731
c 

   GC 18 10 (41.67) 8 (33.33) 0.551
c
 

   CC 19 9 (37.50) 10 (41.67) 0.768
c
 

1846G>A, rs3892097     

   GG 47 24 (100) 23 (95.83) 1.000
b 

   GA 1 0 (0.00) 1 (4.17) 1.000
b 

   AA 0 0 (0.00) 0 (0.00) -
 

2850C>T, rs16947     

   CC 38 18 (75.00) 20 (83.33) 0.724
b 

   CT 9 5 (20.83) 4 (16.67) 1.000
b 

   TT 1 1 (4.17) 0 (0.00) 1.000
b 

4180G>C, rs1135840     

   GG 10 4 (16.67) 6 (25.00) 0.477
c 

   GC 19 11 (45.83) 8 (33.33) 0.376
c
 

   CC 19 9 (37.50) 10 (41.67) 0.768
c
 

CYP2C19     

681G>A, rs4244285     

   GG 26 12 (50.00) 14 (58.33) 0.562
c
 

   GA 19 9 (37.50) 10 (41.67) 0.768
c
 

   AA 3 3 (12.50) 0 (0.00) 0.234 

636G>A, rs4986893     

   GG 42 21 (87.50) 21 (87.50) 1.000
b 

   GA 6 3 (12.50) 3 (12.50) 1.000
b 

   AA 0 0 (0.00) 0 (0.00) -
 

b
 Fisher 

'
s exact test; 

c
 Chi-square test; The rs numbers in parentheses are the accession numbers in the 

National Center for Biotechnology information single nucleotide polymorphism (SNP) database,dbSNP. 
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Table 5.6 CYP2D6 and CYP2C19 allele frequencies compared between groups 

 

Alleles Total No. Non-recurrence 

n (%) 

Recurrence  

n (%) 

P 

CYP2D6 (n=96) (n=48) (n=48)  

*1 33 17 (35.42) 16 (33.33) 0.830
c 

*2 10 7 (14.58) 3 (6.26) 0.181
c 

*4 1 0 (0.00) 1 (2.08) 1.000
b 

*5 4 2 (4.17) 2 (4.17) 1.000
b 

*10 44 20 (41.67) 24 (50.00) 0.413
c 

*35 1 0 (0.00) 1 (2.08) 1.000
b 

*36 1 1 (2.08) 0 (0.00) 1.000
b 

*41 2 1 (2.08) 1 (2.08) 1.000
b 

CYP2C19     

*1 66 31 (64.58) 35 (72.91) 0.378
c
 

*2 24 14 (29.16) 10 (20.83) 0.346
c
 

*3 6 3 (6.26) 3 (6.26) 1.000
b 

b
 Fisher 

'
s exact test                            

c
 Chi-square test 
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Table 5.7 CYP2D6 and CYP2C19 genotype frequencies and associated predicted 

phenotypes 

 

Genotypes Total 

No. 

Non-recurrence 

n (%) 

Recurrence  

n (%) 

Predicted 

Phenotypes 

P 

CYP2D6 (n=48) (n=24) (n=24)   

*1/*1 8 4 (16.67) 4 (16.67) EM/EM 1.000
b 

*1/*2 1 1 (4.16) 0 (0.00) EM/EM 1.000
b
 

*1/*5 1 0 (0.00) 1 (4.16) EM/PM 1.000
b
 

*1/*10 13 7 (29.17) 6 (25.00) EM/IM 0.745
c 

*1/*36 1 1 (4.16) 0 (0.00) EM/IM 1.000
b
 

*1/*41 1 0 (0.00) 1 (4.16) EM/IM 1.000
b
 

*2/*2 2 2 (8.33) 0 (0.00) EM/EM 0.489
b 

*2/*4 1 0 (0.00) 1 (4.16) EM/PM 1.000
b
 

*2/*10 4 2 (8.33) 2 (8.33) EM/IM 1.000
b
 

*5/*10 3 2 (8.33) 1 (4.16) PM/IM 1.000
b
 

*10/*10 11 4 (16.67) 7 (29.17) IM/IM 0.303
c 

*10/*35 1 0 (0.00) 1 (4.16) IM/EM 1.000
b
 

*10/*41 1 1 (4.16) 0 (0.00) IM/IM 1.000
b
 

CYP2C19      

*1/*1 21 10 (41.67) 11 (45.83) EM/EM 0.771
c 

*1/*2 18 8 (33.33) 10 (41.67) EM/PM 0.551
c 

*1/*3 6 3 (12.50) 3 (12.50) EM/PM 1.000
b
 

*2/*2 3 3 (12.50) 0 (0.00) PM/PM 0.234
b 

Abbreviations: EM, extensive metabolizer; IM, intermediate metabolizer; PM, poor metabolizer. 
 

b
 Fisher 

'
s exact test; 

c
 Chi-square test 
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Table 5.8 CYP2D6 and CYP2C19 predicted phenotypes / genotypes according to 

two groups 

 

Predicted 

Phenotype 

Genotype Non-recurrence 

n (%) 

Recurrence 

n (%) 

P 

CYP2D6  (n=24) (n=24)  

EM/EM *1/*1, *1/*2, *2/*2 7 (29.20) 4 (16.70) 0.303
c 

EM/IM *1/*10, *2/*10, *10/*35, 

*1/*36, *1/*41 

10 (41.70) 10 (41.70) 1.000
c 

EM/PM *1/*5, *2/*4 0 (0.00) 2 (8.30) 0.489
b 

IM/IM *10/*10, *10/*41 5 (20.80) 7 (29.20) 0.505
c
 

IM/PM *5/*10 2 (8.30) 1 (4.10) 1.000
b
 

CYP2C19     

EM/EM *1/*1 10 (41.70) 11 (45.80) 0.771
c 

EM/PM *1/*2, *1/*3 11 (45.80) 13 (54.20) 0.564
c 

PM/PM *2/*2 3 (12.50) 0 (0.00) 0.234
b 

Abbreviation: EM, extensive metabolizer; IM, intermediate metabolizer; PM, poor metabolizer. 
b
 Fisher 

'
s exact test                 

c
 Chi-square test 
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Table 5.9 Allele frequencies of CYP2D6 and CYP2C19 among pre- and post-

menopause breast cancer patients 

 

SNPs Genotype Pre-menopause 

n (%) 

Post-menopause 

n (%) 

P  

CYP2D6 (n= 30) (n= 18)  

-1584C>G,rs1080985    

   CC 25 (83.33) 14 (77.78) 0.711
b 

   CG 4 (13.33) 3 (16.67) 1.000
b 

   GG 1 (3.33) 1 (5.56) 1.000
b 

100C>T,rs1065852    

   CC 6 (20.00) 7 (38.89) 0.190
b 

   CT 18 (60.00) 5 (27.78) 0.031
c
 

   TT 6 (20.00) 6 (33.33) 0.325
b 

1039C>T,rs1081003    

   CC 7 (23.33) 7 (38.89) 0.251
c
 

   CT 17 (56.67) 5 (27.78) 0.052
c
 

   TT 6 (20.00) 6 (33.33) 0.325
b 

1661G>C,rs1058164    

   GG 7 (23.33) 4 (22.22) 1.000
b 

   GC 11 (36.67) 7 (38.89) 0.878
c
 

   CC 12 (40.00) 7 (38.89) 0.939
c
 

1846G>A,rs3892097    

   GG 29 (96.67) 18 (100.00) 1.000
b 

   GA 1 (3.33) 0 (0.00) 1.000
b 

   AA 0 (0.00) 0 (0.00) -
 

2850C>T,rs16947    

   CC 24 (80.00) 14 (77.78) 1.000
b 

   CT 5 (16.67) 4 (22.22) 0.711
b 

   TT 1 (3.33) 0 (0.00) 1.000
b 

4180G>C,rs1135840    

   GG 6 (20.00) 4 (22.22) 1.000
b 

   GC 12 (40.00) 7 (38.89) 0.939
c
 

   CC 12 (40.00) 7 (38.89) 0.939
c
 

CYP2C19    

681G>A,rs4244285    

   GG 17 (56.67) 9 (50.00) 0.654
c
 

   GA 11 (36.67) 8 (44.44) 0.594
c
 

   AA 2 (6.67) 1 (5.56) 1.000
b 

636G>A,rs4986893    

   GG 26 (86.67) 16 (88.89) 1.000
b 

   GA 4 (13.33) 2 (11.11) 1.000
b 

   AA 0 (0.00) 0 (0.00) -
 

The rs numbers in parentheses are the accession numbers in the National Center for Biotechnology 

information single nucleotide polymorphism (SNP) database, dbSNP. 
b
 Fisher 

'
s exact tes, 

c
 Chi-square test 
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Table 5.10 CYP2D6 and CYP2C19 allele frequencies among two groups 

 

Alleles Pre-menopause  

n (%) 

Post-menopause  

n (%) 

P 

CYP2D6 (n=60) (n=36)  

*1 20 (33.33) 13 (36.11) 0.781
c 

*2 6 (10.00) 4 (11.11) 1.000
b 

*4 1 (1.67) 0 (0.00) 1.000
b 

*5 2 (3.33) 2 (5.55) 0.629 

*10 29 (48.33) 15 (41.67) 0.526
c 

*35 0 (0.00) 1 (2.78) 0.375
b 

*36 1 (1.67) 0 (0.00) 1.000
b 

*41 1 (1.67) 1 (2.78) 1.000
b 

CYP2C19    

*1 42 (70.00) 24 (66.67) 0.733
c 

*2 14 (23.33) 10 (27.77) 0.626
c 

*3 4 (6.67) 2 (5.56) 1.000
b 

b
 Fisher 

'
s exact test                 

c
 Chi-square test 
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Table 5.11 CYP2D6 and CYP2C19 genotype frequencies and associated predicted 

phenotypes among two groups 

 

Genotypes Pre-menopause 

n (%) 

Post-menopause 

n (%) 

Predicted 

Phenotype 

P 

CYP2D6 (n=30) (n=18)   

*1/*1 4 (13.34) 4 (22.22) EM/EM 0.451
b 

*1/*2 0 (0.00) 1 (5.56) EM/EM 0.375
b 

*1/*5 1 (3.33) 0 (0.00) EM/PM 1.000
b 

*1/*10 10 (33.34) 3 (16.66) EM/IM 0.317
b 

*1/*36 1 (3.33) 0 (0.00) EM/IM 1.000
b 

*1/*41 0 (0.00) 1 (5.56) EM/IM 0.375
b 

*2/*2 1 (3.33) 1 (5.56) EM/EM 1.000
b 

*2/*4 1 (3.33) 0 (0.00) EM/PM 1.000
b 

*2/*10 3 (10.00) 1 (5.56) EM/IM 1.000
b 

*5/*10 1 (3.33) 2 (11.11) PM/IM 0.547
b 

*10/*10 7 (23.34) 4 (22.22) IM/IM 1.000
b 

*10/*35 0 (0.00) 1 (5.56) IM/EM 0.375
b 

*10/*41 1 (3.33) 0 (0.00) IM/IM 1.000
b 

CYP2C19     

*1/*1 14 (46.67) 7 (38.89) EM/EM 0.765
b 

*1/*2 10 (33.33) 8 (44.44) EM/PM 0.543
b 

*1/*3 4 (13.33) 2 (11.11) EM/PM 1.000
b 

*2/*2 2 (6.67) 1 (5.56) PM/PM 1.000
b 

Abbreviation: EM, extensive metabolizer; IM, intermediate metabolizer; PM, poor metabolizer.             
 

b
 Fisher 

'
s exact test.

 c
 Chi-square test 
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Table 5.12 CYP2D6 and CYP2C19 predicted phenotypes / genotypes among two 

groups 

 

Predicted 

Phenotype 

Genotype Pre-menopause 

n (%) 

Post-menopause 

n (%) 

P 

CYP2D6  (n=30) (n=18)  

EM/EM *1/*1, *1/*2, 

*2/*2,*1/*10, 

5 (16.70) 6 (33.30) 0.288
b 

EM/IM 

*2/*10 

*10/*35, *1/*36, 

*1/*41 

14 (46.70) 6 (33.30) 0.364
c 

EM/PM *1/*5, *2/*4 2 (6.60) 0 (0.00) 0.521
b 

IM/IM *10/*10, *10/*41 8 (26.70) 4 (22.20) 1.000
b
 

IM/PM *5/*10 1 (3.30) 2 (11.10) 0.547
b
 

CYP2C19     

EM/EM *1/*1 14 (46.70) 7 (38.90) 0.599
c 

EM/PM *1/*2, *1/*3 14 (46.70) 10 (55.60) 0.551
c 

PM/PM *2/*2 2 (6.60) 1 (5.50) 1.000
b 

Abbreviation: EM, extensive metabolizer; IM, intermediate metabolizer; PM, poor metabolizer 
                    

b
 Fisher 

'
s exact test; 

 c
 Chi-square test 
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5.6 Disease free survival analysis 

 

5.6.1 CYP2D6 polymorphisms and clinical outcomes 

 Time to develop breast cancer recurrence was evaluated using the 

Kaplan-Meier analysis. The disease free survival was calculated from surgery to the 

time of breast cancer recurrence or beginning of breast cancer event (local, regional, or 

distant occurrence, or contralateral breast cancer) or death from any cause.  Patients 

carrying heterozygous GA at nucleotide 1846G>A (CYP2D6*4) had significantly 

shorter disease free survival than patients with homozygous G/A in overall and pre-

menopause group (Log-rank test; P = 0.031 and P = 0.019, respectively). No 

statistically significant difference DFS was detectable for others nucleotide (Table 

5.16). Furthermore, Kaplan-Meier estimates showed significant shorter disease free 

survival in patients with homozygous variant (TT) compared those with heterozygous 

CT or homozygous wild type (CC) at nucleotides 100C>T and 1039C>T 

(CYP2D6*10) in post-menopause group (Log-rank test; P = 0.046, 0.046), which two 

SNPs are in linkage disequilibrium. 
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Table 5.13 Log-rank test of CYP2D6 genotypes, predicted phenotypes and others 

model 

 

CYP2D6 genotypes No. Log-rank Test; P value 

  Overall Pre-menopause Post-menopause 

(Wt/Wt vs. Wt/V vs. V/V) 48    

   -1584C>G  0.439 0.356 0.744 

   100C>T  0.658 0.671 0.135 

   1039C>T  0.579 0.361 0.135 

   1661G>C  0.613 0.376 0.341 

   1846G>A  0.031 0.020 - 

   2850C>T  0.640 0.616 0.448 

   4180G>C  0.400 0.078 0.341 

Wt/Wt vs. (Wt/V + V/V) 48    

   -1584C>G  0.787 0.697 0.558 

   100C>T  0.844 0.398 0.384 

   1039C>T  0.847 0.154 0.384 

   1661G>C  0.560 0.163 0.521 

   1846G>A  0.031 0.019 - 

   2850C>T  0.502 0.870 0.448 

   4180G>C  0.321 0.025 0.521 

(Wt/Wt + Wt/V) vs. V/V 48    

   -1584C>G  0.225 0.349 0.472 

   100C>T  0.363 0.720 0.046 

   1039C>T  0.363 0.720 0.046 

   1661G>C  0.608 0.667 0.143 

   1846G>A  - - - 

   2850C>T  0.398 0.349 - 

   4180G>C  0.608 0.667 0.143 

*1/*1 vs. *1/*10 vs. 

*10/*10 

32 0.447 0.569 0.099 

Wt/Wt vs. Wt/*10 vs. 

*10/*10 

40 0.355 0.957 0.074 

EM/EM vs. EM/IM vs. 

IM/IM 

43 0.529 0.881 0.103 

Wt/Wt vs. Wt/V vs. V/V 48 0.655 0.747 0.123 
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5.6.2 CYP2C19 polymorphisms and clinical outcomes 

 There was no significant differences disease free survival of CYP2C19 

genotypes between breast cancers cases versus breast cancers controls in the overall, 

pre-menopause, and post-menopause groups (Table 5.14). 

 

Table 5.14 Log-rank test of CYP2C19 genotypes and others model 

 

CYP2C19 genotypes No. Log-rank Test; P value 

  Overall Pre-menopause Post-menopause 

Wt/Wt vs. Wt/V vs. V/V 48    

   681G>A  0.317 0.270 0.618 

   636G>A  0.979 0.267 0.291 

Wt/Wt vs. (Wt/V + V/V) 48    

   681G>A  0.474 0.205 0.656 

   636G>A  0.979 0.267 0.291 

(Wt/Wt + Wt/V) vs. V/V 48    

   681G>A  0.136 0.174 0.472 

   636G>A  - - - 

homo*1 vs. het*1 vs. 

homo*2 

48 0.329 0.388 0.765 

homoEM vs. hetEM vs. 

homoPM 

48 0.329 0.388 0.765 
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5.7 Kaplan-Meier analysis 

 

5.7.1 CYP2D6 genotypes and disease free survival comparison among 

homozygous variant, heterozygous and homozygous wild type in overall group 

There was significant differences disease free survival of CYP2D6 

genotype in patients with heterozygous GA at nucleotide 1846G>A compared with 

homozygous GG between breast cancers cases versus breast cancers controls (Log-

rank test, P = 0.031). No statistically significant differences disease free survivals 

were found in other SNPs (-1584C>G, 100C>T, 1039C>T, 1661G>C, 2850C>T and 

4180G>C). 
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C) 100C>T 

 
 

 

D) 1039C>T 

 

E) 1661G>C 
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F) 2850C>T 

 

G) 4180G>C 

 

 

Figure 5.2 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in overall group (comparison among homozygous variant, 

heterozygous and homozygous wild type). A) 1846G>A, B) -1584C>G, C) 

100C>T, D) 1039C>T, E) 1661G>C, F) 2850C>T and G) 4180G>C 
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5.7.2 CYP2D6 genotypes and disease free survival comparison among 

homozygous variant, heterozygous and homozygous wild type in pre-menopause 

group 

There were significant differences disease free survival of CYP2D6 

genotypes in patients with heterozygous GA at nucleotide 1846G>A compared with 

homozygous wild type (GG) between breast cancers cases versus breast cancers 

controls (Log-rank test, P = 0.019). No statistically significant differences disease free 

survivals were found in other SNPs (-1584C>G, 100C>T, 1039C>T, 1661G>C, 

2850C>T and 4180G>C). 
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C) 100C>T 

 

D) 1039C>T 

 
 

E) 1661G>C 
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F) 2850C>T 

 

G) 4180G>C 

 

 

Figure 5.3 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in pre-menopause group (comparison among homozygous 

variant, heterozygous and homozygous wild type). A) 1846G>A, B) -1584C>G, C) 

100C>T, D) 1039C>T, E) 1661G>C, F) 2850C>T and G) 4180G>C 
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 5.7.3 CYP2D6 genotypes and disease free survival comparison 

among homozygous variant, heterozygous and homozygous wild type in post-

menopause group 

There was no significant differences disease free survival of CYP2D6 

genotype in patients with homozygous variant at nucleotide -1584C>G, 100C>T, 

1039C>T, 1661G>C, 1846G>A, 2850C>T and 4180G>C compared with homozygous 

wild type and heterozygous compared between breast cancers cases versus breast 

cancers controls in post-menopause group (Log-rank test, P > 0.05). 
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C) 1039C>T 

 

D) 1661G>C 

 

 

E) 1846G>A 

No comparison analysis is performed because the factor variable has only 

one value for every stratum 
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F) 2850C>T 

 

 
 

G) 4180G>C 

 

 

Figure 5.4 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in pre-menopause group (comparison among homozygous 

variant, heterozygous and homozygous wild type). A) -1584C>G, B) 100C>T, C) 

1039C>T, D) 1661G>C, E) 1846G>A, F) 2850C>T and G) 4180G>C 
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 5.7.4 CYP2D6 genotypes and disease free survival comparison 

among homozygous wild and those with homozygous variant and heterozygous in 

overall group 

There was significant differences disease free survival of CYP2D6 

genotype in patients with homozygous wild type (GG) at nucleotide 1846G>A 

compared those with homozygous variant (AA) and heterozygous (GA) compared 

between breast cancers cases versus breast cancers controls in overall group (Log-rank 

test, P = 0.031). No statistically significant differences disease free survivals were 

found in other SNPs     (-1584C>G, 100C>T, 1039C>T, 1661G>C, 2850C>T and 

4180G>C). 
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C) 100C>T 

  
 

D) 1039C>T 

  

E) 1661G>C 
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F) 2850C>T 

 

G) 4180G>C 

 
 

Figure 5.5 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in overall group (comparison among homozygous wild type 

and those with homozygous variant and heterozygous). A) 1846G>A, B) -

1584C>G, C) 100C>T, D) 1039C>T, E) 1661G>C, F) 2850C>T and G) 4180G>C 
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5.7.5 CYP2D6 genotypes and disease free survival comparison among 

homozygous wild type and those with homozygous variant and heterozygous in 

pre-menopause group 

There was significant differences disease free survival of CYP2D6 

genotype in patients with homozygous wild type (GG) at nucleotide 1846G>A 

compared those with homozygous variant and heterozygous compared between breast 

cancers cases versus breast cancers controls (Log-rank test, P = 0.020). No statistically 

significant differences disease free survivals were found in other SNPs (-1584C>G, 

100C>T, 1039C>T, 1661G>C, 2850C>T and 4180G>C). 
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C) 1039C>T 

  

D) 1661G>C 

  

E) 1846G>A 
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F) 2850C>T 

 

 

G) 4180G>C 

 

 
 

Figure 5.6 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in pre-menopause group (comparison among homozygous 

wild type and those with homozygous variant and heterozygous). A) -1584C>G, 

B) 100C>T, C) 1039C>T, D) 1661G>C, E) 1846G>A, F) 2850C>T and G) 

4180G>C 
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5.7.6 CYP2D6 genotypes and disease free survival comparison among 

homozygous wild type and those with homozygous variant and heterozygous in 

post-menopause group 

There was no significant differences disease free survival of CYP2D6 

genotype in patients with homozygous wild type at nucleotide -1584C>G, 100C>T, 

1039C>T, 1661G>C, 1846G>A, 2850C>T and 4180G>C compared those with 

homozygous variant and heterozygous compared between breast cancers cases versus 

breast cancers controls (Log-rank test, P > 0.05). 
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C) 1039C>T 

 
 

D) 1661G>C 

 

 

E) 1846G>A 

  No comparison analysis is performed because the factor variable has only 

one value for every stratum 
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F) 2850C>T 

         

 

G) 4180G>C 

 
 

Figure 5.7 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in post-menopause group (comparison among homozygous 

wild type and those with homozygous variant and heterozygous). A) -1584C>G, 

B) 100C>T, C) 1039C>T, D) 1661G>C, E) 1846G>A, F) 2850C>T and G) 

4180G>C 
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 5.7.7 CYP2D6 genotypes and disease free survival comparison 

among homozygous variant and those with homozygous wild and heterozygous 

type in overall group 

There was no significant differences disease free survival of CYP2D6 

genotype in patients with homozygous variant at nucleotide -1584C>G, 100C>T, 

1039C>T, 1661G>C, 1846G>A, 2850C>T and 4180G>C compared those with 

homozygous wild type and heterozygous compared between breast cancers cases 

versus breast cancers controls (Log-rank test, P > 0.05). 
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C) 1039C>T 

 

 

D) 1661G>C 

 

 

E) 1846G>A          

 No comparison analysis is performed because the factor variable has only 

one value for every stratum 
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F) 2850C>T 

 

 

G) 4180G>C 

 
 

Figure 5.8 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in overall group (comparison among homozygous variant and 

those with homozygous wild type and heterozygous). A) -1584C>G, B) 100C>T, 

C) 1039C>T, D) 1661G>C, E) 1846G>A, F) 2850C>T and G) 4180G>C 
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5.7.8 CYP2D6 genotypes and disease free survival comparison among 

homozygous variant and those with homozygous wild and heterozygous type in 

pre-menopause group 

There were no significant differences disease free survival of CYP2D6 

genotypes in patients with homozygous variant at nucleotide -1584C>G, 100C>T, 

1039C>T, 1661G>C, 1846G>A, 2850C>T and 4180G>C compared those with 

homozygous wild type and heterozygous compared between breast cancers cases 

versus breast cancers controls (Log-rank test, P > 0.05). 
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C) 1039C>T 

 

 

D) 1661G>C 

 

 

E) 1846G>A 

No comparison analysis is performed because the factor variable has only 

one value for every stratum 
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F) 2850C>T 

 

 

G) 4180G>C 

 

 
 

Figure 5.9 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in pre-menopause group (comparison among homozygous 

variant and those with homozygous wild type and heterozygous). A) -1584C>G, 

B) 100C>T, C) 1039C>T, D) 1661G>C, E) 1846G>A, F) 2850C>T and G) 

4180G>C 

 

 

0
.0

0
0

.2
5

0
.5

0
0

.7
5

1
.0

0

0 50 100 150 200
analysis time

2850C/C+C/T 2850T/T

Kaplan-Meier survival estimates

0
.0

0
0

.2
5

0
.5

0
0

.7
5

1
.0

0

0 50 100 150 200
analysis time

4180G/G+G/C 4180C/C

Kaplan-Meier survival estimates

Log rank test; P = 0.667 

Log rank test; P = 0.349 



Montri Chamnanphon       Results / 90 

 

5.7.9 CYP2D6 genotypes and disease free survival comparison among 

homozygous variant and those with homozygous wild and heterozygous type in 

post-menopause group 

There was significant differences disease free survival of CYP2D6 

genotype in patients with homozygous variant at nucleotide 100C>T and 1039C>T 

compared those with homozygous wild type and heterozygous compared between 

breast cancers cases versus breast cancers controls in post-menopause group (Log-rank 

test, P = 0.046). No statistically significant differences disease free survivals were 

found in other SNPs (-1584C>G, 1661G>C, 2850C>T and 4180G>C). 
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C) -1584C>G 

 

 

D) 1661G>C 

 

 

E) 1846G>A 

  No comparison analysis is performed because the factor variable has only 

one value for every stratum 

 

F) 2850C>T 

No comparison analysis is performed because the factor variable has only 

one value for every stratum 
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G) 4180G>C 

 
 

Figure 5.10 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in post-menopause group (comparison among homozygous 

variant and those with homozygous wild type and heterozygous). A) 100C>T, B) 

1039C>T, C) -1584C>G, D) 1661G>C, E) 1846G>A, F) 2850C>T and G) 

4180G>C 
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5.7.10 CYP2D6 genotypes and disease free survival comparison among 

*1/*1, *1/*10 and *10/*10   

There was no significant differences disease free survival of CYP2D6 

genotypes in patients with homozygous variant allele (CYP2D6*10/*10) compared 

with heterozygous (CYP2D6*1/*10) and homozygous wild type (CYP2D6*1/*1) 

between breast cancers cases versus breast cancers controls among three groups. 

 

A) Overall group 

 

B) Pre-menopause group 
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C) Post-menopause group 

 

 

Figure 5.11 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in difference group (comparison among *1/*1, *1/*10 and 

*10/*10). A) Overall group, B) Pre-menopause, C) Post-menopause  

 

5.7.11 CYP2D6 genotypes and disease free survival comparison among 

Wt/Wt , Wt/*10 and *10/*10  

There was no significant differences disease free survival of CYP2D6 

genotypes in patients with homozygous variant allele (CYP2D6*10/*10) compared 

with heterozygous (CYP2D6 Wt/*10) and homozygous wild type (CYP2D6 Wt/Wt) 

between breast cancers cases versus breast cancers controls among three groups. 
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A) Overall group 

 

 

 

B) Pre-menopause group 
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C) Post-menopause group 

 

 

Figure 5.12 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in difference group (comparison among Wt/Wt, Wt/*10 and 

*10/*10). A) Overall group, B) Pre-menopause, C) Post-menopause  

 

5.7.12 CYP2D6 predicted phenotypes and disease free survival 

comparison among EM/EM, EM/IM and IM/IM  

There were no significant differences disease free survival of CYP2D6 

genotypes in patients with homozygous IM allele (IM/IM) compared with 

heterozygous EM allele (EM/IM) and homozygous EM allele (EM/EM) between 

breast cancers cases versus breast cancers controls among three groups. 
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B) Pre-menopause group 

 

 

C) Post-menopause group 

 

 

Figure 5.13 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in difference group (comparison among EM/EM, EM/IM and 

IM/IM). A) Overall group, B) Pre-menopause, C) Post-menopause  
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5.7.13 CYP2D6 genotypes and disease free survival comparison among 

Wt/Wt, Wt/V and V/V 

There was no significant differences disease free survival of CYP2D6 

genotypes in patients with homozygous variant allele compared with heterozygous 

allele (Wt/V) and homozygous wild type (Wt/Wt) between breast cancers cases versus 

breast cancers controls in among three groups. 

 

A) Overall group  
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C) Post-menopause group 

 

 

 

Figure 5.14 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in difference group (comparison among Wt/Wt, Wt/V and 

V/V). A) Overall group, B) Pre-menopause, C) Post-menopause  

 

5.7.14 CYP2C19 genotypes and disease free survival comparison 

among homozygous wild type, heterozygous and homozygous variant in overall 

group 

There was no significant differences disease free survival of CYP2C19 

genotypes in patients with homozygous variant allele compared with heterozygous and 

homozygous wild type between breast cancers cases versus breast cancers controls in 

overall group. 
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A) 681G>A 

 
 

 

B) 636G>A 

 

 
 

Figure 5.15 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in overall group (comparison among homozygous wild type, 

heterozygous and homozygous variant). A) 681G>A, B) 636G>A  
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5.7.15 CYP2C19 genotypes and disease free survival comparison 

among homozygous wild type, heterozygous and homozygous variant in pre-

menopause group 

There was no significant differences disease free survival of CYP2C19 

genotypes in patients with homozygous variant allele compared with heterozygous and 

homozygous wild type between breast cancers cases versus breast cancers controls in 

pre-menopausal group. 

A) 681G>A 

 
 

B) 636G>A 

 

 

Figure 5.16 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in pre-menopause group (comparison among homozygous 

wild type, heterozygous and homozygous variant). A) 681G>A, B) 636G>A  
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5.7.16 CYP2C19 genotypes and disease free survival comparison 

among homozygous wild type, heterozygous and homozygous variant in post-

menopause group  

There was no significant differences disease free survival of CYP2C19 

genotypes in patients with homozygous variant allele compared with heterozygous and 

homozygous wild type between breast cancers cases versus breast cancers controls in 

post-menopausal group. 

A) 681G>A 

 

 

B) 636G>A 

 

 

Figure 5.17 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in post-menopause group (comparison among homozygous 

wild type, heterozygous and homozygous variant). A) 681G>A, B) 636G>A  
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5.7.17 CYP2C19 genotypes and disease free survival comparison 

among homozygous wild type and those with heterozygous and homozygous 

variant in overall group  

There was no significant differences disease free survival of CYP2C19 

genotypes in patients with homozygous variant allele compared with heterozygous and 

homozygous wild type between breast cancers cases versus breast cancers controls in 

overall group. 

A) 681G>A 
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Figure 5.18 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in overall group (comparison among homozygous wild type 

and those with heterozygous and homozygous variant). A) 681G>A, B) 636G>A  
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5.7.18 CYP2C19 genotypes and disease free survival comparison 

among homozygous wild type and those with heterozygous and homozygous 

variant in pre-menopause group  

There was no significant differences disease free survival of CYP2C19 

genotypes in patients with homozygous variant allele compared with heterozygous and 

homozygous wild type between breast cancers cases versus breast cancers controls in 

pre-menopause group. 

A) 681G>A 

 
B) 636G>A 

 

 

Figure 5.19 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in pre-menopause group (comparison among homozygous 

wild type and those with heterozygous and homozygous variant). A) 681G>A, B) 

636G>A  
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5.7.19 CYP2C19 genotypes and disease free survival comparison 

among homozygous wild type and those with heterozygous and homozygous 

variant in post-menopause group  

There was no significant differences disease free survival of CYP2C19 

genotypes in patients with homozygous variant allele compared with heterozygous and 

homozygous wild type between breast cancers cases versus breast cancers controls in 

post-menopause group. 
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Figure 5.20 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in post-menopause group (comparison among homozygous 

wild type and those with heterozygous and homozygous variant). A) 681G>A, B) 

636G>A  
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5.7.20 CYP2C19 genotypes and disease free survival comparison 

among homozygous variant and those with heterozygous and homozygous wild 

type in overall group 

There was no significant differences disease free survival of CYP2C19 

genotypes in patients with homozygous variant allele compared with heterozygous 

plus homozygous wild type between breast cancers cases versus breast cancers 

controls in overall group. 

 

A) 681G>A 

 
 

B) 636G>A 

No comparison analysis is performed because the factor variable has only 

one value for every stratum. 

 

Figure 5.21 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in overall group (comparison among homozygous variant and 

those with heterozygous and homozygous wild type). A) 681G>A, B) 636G>A  
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5.7.21 CYP2C19 genotypes and disease free survival comparison 

among homozygous variant and those with heterozygous and homozygous wild 

type in pre-menopause group 

There was no significant differences disease free survival of CYP2C19 

genotypes in patients with homozygous variant allele compared with heterozygous 

plus homozygous wild type between breast cancers cases versus breast cancers 

controls in pre-menopause group. 

 

A) 681G>A 

 

 
 

B) 636G>A 

No comparison analysis is performed because the factor variable has only 

one value for every stratum 

 

Figure 5.22 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in pre-menopause group (comparison among homozygous 

variant and those with heterozygous and homozygous wild type). A) 681G>A, B) 

636G>A  

 

 

 

 

 

0
.0

0
0

.2
5

0
.5

0
0

.7
5

1
.0

0

0 50 100 150 200
analysis time

681G/G+G/A 681A/A

Kaplan-Meier survival estimates

Log rank test; P = 0.174 



Montri Chamnanphon       Results / 108 

 

5.7.22 CYP2C19 genotypes and disease free survival comparison 

among homozygous variant and those with heterozygous and homozygous wild 

type in post-menopause group 

There was no significant differences disease free survival (DFS) of 

CYP2C19 genotypes in patients with homozygous variant allele compared with 

heterozygous plus homozygous wild type between breast cancers cases versus breast 

cancers controls in post-menopause group. 

 

A) 681G>A 

 

 
 

 

B) 636G>A 

No comparison analysis is performed because the factor variable has only 

one value for every stratum 

 

Figure 5.23 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2D6 genotypes in post-menopause group (comparison among homozygous 

variant and those with heterozygous and homozygous wild type). A) 681G>A, B) 

636G>A  
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5.7.23 CYP2C19 genotypes and disease free survival comparison 

among Homo*1, Het*1 and Homo*2 

There was no significant differences disease free survival (DFS) of 

CYP2C19 genotypes in patients with homozygous *2 (CYP2C19*2/*2) compared with 

heterozygous *1 (CYP2C19*1/*2 and *1/*3) and homozygous *1 (CYP2C19*1/*1) 

between breast cancers cases versus breast cancers controls among three groups. 

 

A) Overall group 

 

 

B) Pre-menopause group 
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C) Post-menopause group 

 

 

 

Figure 5.24 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2C19 genotypes in difference groups (comparison among Homo*1, Het*1 and 

Homo*2). A) overall group, B) pre-menopause, C) post-menopause  

 

5.7.24 CYP2C19 predicted phenotypes and disease free survival 

comparison among EM, IM and PM 

There were no significant differences disease free survival of CYP2C19 

predicted phenotypes in patients with PM compared with IM and EM between breast 

cancers cases versus breast cancers controls among three groups. 

A) Overall group 
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B) Pre-menopause group 

 

 
 

C) Post-menopause group 

 

 

 

Figure 5.25 Kaplan-Meier probabilities of disease free survival of patients with 

CYP2C19 genotypes in difference groups (comparison among EM, IM and PM). 

A) Overall group, B) Pre-menopause, C) Post-menopause  
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5.8 Relationship between risk of breast cancer recurrence and 

CYP2D6 and CYP2C19 genetic polymorphisms  

Risk estimates were calculated by logistic regression. Patients with 

heterozygous GA at nucleotide 1846G>A showed an increased risk of developing 

recurrence but the difference was not statistically significant was observed in overall 

and pre-menopause group (HR, 7.32; 95% CI, 0.88-60.82; P = 0.065 and HR, 9.15; 

95% CI, 0.95-88.05; P = 0.055, respectively). On the other hand, in pre-menopause 

group, the result showed that patients with heterozygous GC at nucleotide 4180G>C in 

pre-menopause women had significantly decreased risk of developing recurrence 

compared to patients with homozygous GG (HR, 0.29; 95% CI, 0.08-0.97; P = 0.045), 

listed in Table 5.15. In overall and post-menopause group, patients with homozygous 

TT at nucleotide 100C>T and 1039C>T had tend to increased risk of developing 

recurrence but no statistically significant association was observed (HR, 2.01; 95% CI, 

0.95-4.28; P = 0.068). On the other hand, patients with homozygous TT at nucleotides 

100C>T and 1039C>T in pre-menopause group had tend to decreased risk but no 

significant association was observed, list in Table 5.15. The CYP2D6 and CYP2C19 

genotype were estimated by using a univariate Cox proportion hazard model. The 

hazard ratio presented in Table 5.16 shows tend to increased risk of disease recurrence 

but it was not statistically significant. In the overall and post-menopause group, 

patients with homozygous CYP2D6*10, homozygous IM or homozygous variant had 

increased risk for disease recurrence compared to patients with homozygous or 

heterozygous wild type. In contrast, pre-menopause women had decreased risk for 

disease recurrence compared to patients with homozygous wild type but it was not 

statistically significant. 

 

 

 

 

 



 T
a
b

le
 5

.1
5
. 

R
is

k
 e

st
im

a
ti

o
n

 b
et

w
ee

n
 g

en
o
ty

p
es

 a
n

d
 r

ec
u

rr
en

ce
s 

in
 b

re
a
st

 c
a
n

ce
r 

p
a
ti

en
ts

 a
m

o
n

g
 t

h
re

e 
g
ro

u
p

s 

G
en

o
ty

p
e
 

 
O

v
er

a
ll

 
 

 
P

r
e-

m
en

o
p

a
u

se
 

 
 

P
o
st

-m
en

o
p

a
u

se
 

 

C
Y

P
2
D

6
 

N
 

H
R

 (
9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 

-1
5
8
4
C

>
G

 
4
8
 

 
 

3
0
 

 
 

1
8
 

 
 

C
C

 
3
9
 

1
.0

 (
re

f)
 

 
2
5
 

1
.0

 (
re

f)
 

 
1
4
 

1
.0

 (
re

f)
 

 

C
G

 
7
 

1
.2

4
 (

0
.4

2
-3

.6
5
) 

0
.6

9
0
 

4
 

1
.9

6
 (

0
.5

5
-6

.9
4
) 

0
.2

9
6
 

3
 

0
.8

7
 (

0
.3

0
-2

.5
1
) 

0
.7

9
5
 

G
G

 
2
 

5
.8

8
e-

1
6

 
1
.0

0
0
 

1
 

6
.0

3
e-

1
6
 

1
.0

0
0
 

1
 

1
.4

0
e-

8
 

1
.0

0
0
 

C
G

 +
 G

G
 

9
 

0
.8

6
 (

0
.2

9
-2

.5
3
) 

0
.7

8
8
 

5
 

1
.2

8
 (

0
.3

7
-4

.4
8
) 

0
.6

9
9
 

4
 

0
.5

4
 (

0
.0

6
-4

.4
9
) 

0
.5

6
9
 

A
n
d
 

 
 

 
 

 
 

 
 

 

C
C

 +
 C

G
 

4
6
 

1
.0

 (
re

f)
 

 
2
9
 

1
.0

 (
re

f)
 

 
1
7
 

1
.0

 (
re

f)
 

 

G
G

 
2
 

5
.7

1
e-

1
6

 
1
.0

0
0
 

1
 

5
.7

9
e-

1
6
 

1
.0

0
0
 

1
 

1
.4

4
e-

8
 

1
.0

0
0
 

1
0
0
C

>
T

 
 

 
 

 
 

 
 

 
 

C
C

 
1
3
 

1
.0

 (
re

f)
 

 
6
 

1
.0

 (
re

f)
 

 
7
 

1
.0

 (
re

f)
 

 

C
T

 
2
3
 

0
.9

5
 (

0
.3

5
-2

.5
7
) 

0
.9

1
9
 

1
8
 

0
.6

2
 (

0
.1

9
-2

.0
0
) 

0
.4

2
9
 

5
 

0
.8

6
 (

0
.2

6
-2

.8
6
) 

0
.8

0
6
 

T
T

 
1
2
 

1
.4

5
 (

0
.4

9
-4

.3
2
) 

0
.5

0
5
 

6
 

0
.5

6
 (

0
.1

2
-2

.5
0
) 

0
.4

4
6
 

6
 

1
.9

1
 (

0
.8

1
-4

.4
7
) 

0
.1

3
9
 

C
T

 +
 T

T
 

3
5
 

1
.1

0
 (

0
.4

3
-2

.7
7
) 

0
.8

4
5
 

2
4
 

0
.6

1
 (

0
.2

0
-1

.8
7
) 

0
.3

8
6
 

1
1
 

2
.0

3
 (

0
.3

9
-1

0
.4

7
) 

0
.4

0
0
 

an
d
 

 
 

 
 

 
 

 
 

 

C
C

 +
 C

T
 

3
6
 

1
.0

 (
re

f)
 

 
2
4
 

1
.0

 (
re

f)
 

 
1
2
 

1
.0

 (
re

f)
 

 

T
T

 
1
2
 

1
.5

0
 (

0
.6

2
-3

.6
2
) 

0
.3

6
7
 

6
 

0
.8

0
 (

0
.2

3
-2

.7
8
) 

0
.7

2
1
 

6
 

2
.0

1
 (

0
.9

5
-4

.2
8
) 

0
.0

6
8
 

1
0
3
9
C

>
T

 
 

 
 

 
 

 
 

 
 

C
C

 
1
4
 

1
.0

 (
re

f)
 

 
7
 

1
.0

 (
re

f)
 

 
7
 

1
.0

 (
re

f)
 

 

C
T

 
2
2
 

0
.7

6
 (

0
.2

9
-2

.0
2
) 

0
.5

9
0
 

1
7
 

0
.4

8
 (

0
.1

6
-1

.4
4
) 

0
.1

8
8
 

5
 

0
.8

6
 (

0
.2

6
-2

.8
6
) 

0
.8

0
6
 

T
T

 
1
2
 

1
.2

7
 (

0
.4

5
-3

.6
3
) 

0
.6

5
3
 

6
 

0
.4

7
 (

0
.1

1
-1

.9
7
) 

0
.2

9
9
 

6
 

1
.9

1
 (

0
.8

1
-4

.4
7
) 

0
.1

3
9
 

C
T

 +
 T

T
 

3
4
 

0
.9

2
 (

0
.3

8
-2

.2
2
) 

0
.8

4
8
 

2
3
 

0
.4

7
 (

0
.1

7
-1

.3
6
) 

0
.1

6
4
 

1
1
 

2
.0

3
 (

0
.3

9
-1

0
.4

7
) 

0
.4

0
0
 

an
d
 

 
 

 
 

 
 

 
 

 

C
C

 +
 C

T
 

3
6
 

1
.0

 (
re

f)
 

 
2
4
 

1
.0

 (
re

f)
 

 
1
2
 

1
.0

 (
re

f)
 

 

T
T

 
1
2
 

1
.5

0
 (

0
.6

2
-3

.6
2
) 

0
.3

6
7
 

6
 

0
.8

0
 (

0
.2

3
-2

.7
8
) 

0
.7

2
1
 

6
 

2
.0

1
 (

0
.9

5
-4

.2
8
) 

0
.0

6
8
 

T
o
 c

o
n
ti

n
u
e

 Fac. of Grad. Studies, Mahidol Univ.                                                       M.Sc. (Clinical Pathology) / 113 



 

G
en

o
ty

p
e
 

 
O

v
er

a
ll

 
 

 
P

r
e-

m
en

o
p

a
u

se
 

 
 

P
o
st

-m
en

o
p

a
u

se
 

 

C
Y

P
2
D

6
 

N
 

H
R

 (
9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 

1
6
6
1
G

>
C

 
 

 
 

 
 

 
 

 
 

G
G

 
1
1
 

1
.0

 (
re

f)
 

 
7
 

1
.0

 (
re

f)
 

 
4
 

1
.0

 (
re

f)
 

 

G
C

 
1
8
 

0
.6

2
 (

0
.2

1
-1

.8
0
) 

0
.3

8
4
 

1
1
 

0
.4

7
 (

0
.1

4
-1

.5
5
) 

0
.2

1
3
 

7
 

1
.0

6
 (

0
.3

2
-3

.5
3
) 

0
.9

2
2
 

C
C

 
1
9
 

0
.9

2
 (

0
.3

3
-2

.5
3
) 

0
.8

7
1
 

1
2
 

0
.5

0
 (

0
.1

5
-1

.6
4
) 

0
.2

5
0
 

7
 

1
.7

7
 (

0
.5

9
-5

.3
0
) 

0
.3

0
9
 

G
C

 +
 C

C
 

3
7
 

0
.7

6
 (

0
.3

0
-1

.9
2
) 

0
.5

6
2
 

2
3
 

0
.4

8
 (

0
.1

7
-1

.3
8
) 

0
.1

7
4
 

1
4
 

1
.9

6
 (

0
.2

4
-1

6
.3

0
) 

0
.5

3
4
 

an
d
 

 
 

 
 

 
 

 
 

 

G
G

 +
 G

C
 

2
9
 

1
.0

 (
re

f)
 

 
1
8
 

1
.0

 (
re

f)
 

 
1
1
 

1
.0

 (
re

f)
 

 

C
C

 
1
9
 

1
.2

4
 (

0
.5

5
-2

.7
8
) 

0
.6

1
0
 

1
2
 

0
.8

0
 (

0
.3

0
-2

.1
8
) 

0
.6

6
9
 

7
 

1
.7

0
 (

0
.8

0
-3

.6
0
) 

0
.1

6
6
 

1
8
4
6
G

>
A

 
 

 
 

 
 

 
 

 
 

G
G

 
4
7
 

1
.0

 (
re

f)
 

 
2
9
 

1
.0

 (
re

f)
 

 
1
8
 

1
.0

 (
re

f)
 

 

G
A

 
1
 

7
.3

2
 (

0
.8

8
-6

0
.8

2
) 

0
.0

6
5
 

1
 

9
.1

5
 (

0
.9

5
-8

8
.0

5
) 

0
.0

5
5
 

0
 

- 
- 

A
A

 
0
 

- 
- 

0
 

- 
- 

0
 

- 
- 

G
A

 +
 A

A
 

1
 

7
.3

2
 (

0
.8

8
-6

0
.8

2
) 

0
.0

6
5
 

1
 

9
.1

5
 (

0
.9

5
-8

8
.0

5
) 

0
.0

5
5
 

0
 

- 
- 

an
d
 

 
 

 
 

 
 

 
 

 

G
G

 +
 G

A
 

4
8
 

1
.0

 (
re

f)
 

 
3
0
 

1
.0

 (
re

f)
 

 
1
8
 

1
.0

 (
re

f)
 

 

A
A

 
0
 

- 
- 

0
 

- 
- 

0
 

- 
- 

2
8
5
0
C

>
T

 
 

 
 

 
 

 
 

 
 

C
C

 
3
8
 

1
.0

 (
re

f)
 

 
2
4
 

1
.0

 (
re

f)
 

 
1
4
 

1
.0

 (
re

f)
 

 

C
T

 
9
 

0
.7

9
 (

0
.2

7
-2

.3
3
) 

0
.6

7
8
 

5
 

1
.2

1
 (

0
.3

5
-4

.2
3
) 

0
.7

6
7
 

4
 

0
.6

7
 (

0
.2

3
-1

.9
5
) 

0
.4

6
5
 

T
T

 
1
 

4
.2

4
e-

1
5

 
1
.0

0
0
 

1
 

5
.9

5
e-

1
6
 

1
.0

0
0
 

0
 

- 
- 

C
T

 +
 T

T
 

1
0
 

0
.6

9
 (

0
.2

4
-2

.0
3
) 

0
.5

0
5
 

6
 

0
.9

0
 (

0
.2

6
-3

.1
4
) 

0
.8

7
0
 

4
 

0
.4

5
 (

0
.0

5
-3

.7
8
) 

0
.4

6
5
 

an
d
 

 
 

 
 

 
 

 
 

 

C
C

 +
 C

T
 

4
7
 

1
.0

 (
re

f)
 

 
2
9
 

1
.0

 (
re

f)
 

 
1
8
 

1
.0

 (
re

f)
 

 

T
T

 
1
 

4
.4

4
e-

1
5

 
1
.0

0
0
 

1
 

5
.7

9
e-

1
6
 

1
.0

0
0
 

0
 

- 
- 

T
o
 c

o
n
ti

n
u
e

 Montri Chamnanphon                                                                                                              Results / 114 



  

G
en

o
ty

p
e
 

 
O

v
er

a
ll

 
 

 
P

r
e-

m
en

o
p

a
u

se
 

 
 

P
o
st

-m
en

o
p

a
u

se
 

 

C
Y

P
2
D

6
 

N
 

H
R

 (
9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 

4
1
8
0
G

>
C

 
 

 
 

 
 

 
 

 
 

G
G

 
1
0
 

1
.0

 (
re

f)
 

 
6
 

1
.0

 (
re

f)
 

 
4
 

1
.0

 (
re

f)
 

 

G
C

 
1
9
 

0
.4

9
 (

0
.1

7
-1

.4
5
) 

0
.2

0
2
 

1
2
 

0
.2

9
 (

0
.0

8
-0

.9
7
) 

0
.0

4
5
 

7
 

1
.0

6
 (

0
.3

2
-3

.5
3
) 

0
.9

2
2
 

C
C

 
1
9
 

0
.7

9
 (

0
.2

8
-2

.1
7
) 

0
.6

4
3
 

1
2
 

0
.3

4
 (

0
.1

0
-1

.1
5
) 

0
.0

8
2
 

7
 

1
.7

7
 (

0
.5

9
-5

.3
0
) 

0
.3

0
9
 

G
C

 +
 C

C
 

3
8
 

0
.6

3
 (

0
.2

5
-1

.5
9
) 

0
.3

2
6
 

2
4
 

0
.3

1
 (

0
.1

1
-0

.9
2
 

0
.0

3
4
 

1
4
 

1
.9

6
 (

0
.2

4
-1

6
.3

0
) 

0
.5

3
4
 

an
d
 

 
 

 
 

 
 

 
 

 

G
G

 +
 G

C
 

2
9
 

1
.0

 (
re

f)
 

 
1
8
 

1
.0

 (
re

f)
 

 
1
1
 

1
.0

 (
re

f)
 

 

C
C

 
1
9
 

1
.2

4
 (

0
.5

5
-2

.7
8
) 

0
.6

1
0
 

1
2
 

0
.8

0
 (

0
.3

0
-2

.1
8
) 

0
.6

6
9
 

7
 

1
.7

0
 (

0
.8

0
-3

.6
0
) 

0
.1

6
6
 

C
Y

P
2
C

1
9
 

 
 

 
 

 
 

 
 

 

6
8
1
G

>
A

 
 

 
 

 
 

 
 

 
 

G
G

 
2
6
 

1
.0

 (
re

f)
 

 
1
7
 

1
.0

 (
re

f)
 

 
9
 

1
.0

 (
re

f)
 

 

G
A

 
1
9
 

0
.9

0
 (

0
.3

9
-2

.0
3
) 

0
.7

9
8
 

1
1
 

0
.6

6
 (

0
.2

4
-1

.7
9
) 

0
.4

1
0
 

8
 

1
.2

7
 (

0
.6

0
-2

.7
0
) 

0
.5

2
7
 

A
A

 
3
 

5
.2

0
e-

1
6

 
1
.0

0
0
 

2
 

5
.9

1
e-

1
7
 

1
.0

0
0
 

1
 

2
.6

4
e-

8
 

1
.0

0
0
 

G
A

 +
 A

A
 

2
2
 

0
.7

4
 (

0
.3

3
-1

.6
8
) 

0
.4

7
7
 

1
3
 

0
.5

3
 (

0
.1

9
-1

.4
4
) 

0
.2

1
4
 

9
 

1
.3

9
 (

0
.3

1
-6

.2
5
) 

0
.6

6
2
 

an
d
 

 
 

 
 

 
 

 
 

 

G
G

 +
 G

A
 

4
5
 

1
.0

 (
re

f)
 

 
8
 

1
.0

 (
re

f)
 

 
1
7
 

1
.0

 (
re

f)
 

 

A
A

 
3
 

2
.0

1
e-

1
6

 
1
.0

0
0
 

2
 

7
.1

6
e-

1
7
 

1
.0

0
0
 

1
 

1
.4

4
e-

8
 

1
.0

0
0
 

6
3
6
G

>
A

 
 

 
 

 
 

 
 

 
 

G
G

 
4
2
 

1
.0

 (
re

f)
 

 
2
6
 

1
.0

 (
re

f)
 

 
1
6
 

1
.0

 (
re

f)
 

 

G
A

 
6
 

1
.0

2
 (

0
.3

0
-3

.4
1
) 

0
.9

7
9
 

4
 

2
.0

2
 (

0
.5

7
-7

.1
5
) 

0
.2

7
7
 

2
 

2
.2

3
e-

8
 

1
.0

0
0
 

A
A

 
0
 

- 
- 

0
 

- 
- 

0
 

- 
- 

G
A

 +
 A

A
 

6
 

1
.0

2
 (

0
.3

0
-3

.4
1
) 

0
.9

7
9
 

4
 

2
.0

2
 (

0
.5

7
-7

.1
5
) 

0
.2

7
7
 

2
 

4
.9

9
e-

1
6
 

1
.0

0
0
 

an
d
 

 
 

 
 

 
 

 
 

 

G
G

 +
 G

A
 

4
8
 

 
 

3
0
 

 
 

1
8
 

 
 

A
A

 
0
 

- 
- 

0
 

- 
- 

0
 

- 
- 

A
ll

 P
 v

al
u
e 

w
er

e 
te

st
 b

y
 C

h
i-

sq
u
ar

e 
te

st
; 

H
R

, 
h
az

ar
d

 r
at

io
; 

9
5

%
 C

I,
 9

5
%

 c
o

n
fi

d
en

ce
 i

n
te

rv
al

s 

Fac. of Grad. Studies, Mahidol Univ.                                                      M.Sc. (Clinical Pathology) / 115 



 T
a
b

le
 5

.1
6
. 

R
is

k
 e

st
im

a
ti

o
n

 b
et

w
ee

n
 C

Y
P

2
D

6
 a

n
d

 C
Y

P
2
C

1
9

 g
en

o
ty

p
es

 a
n

d
 r

ec
u

rr
en

ce
s 

in
 b

re
a
st

 c
a
n

ce
r 

p
a
ti

en
ts

 a
m

o
n

g
 t

h
re

e 

g
ro

u
p

s 
 

G
en

o
ty

p
es

 
 

O
v
er

a
ll

 
 

 
P

r
e-

m
en

o
p

a
u

se
 

 
 

P
o
st

-m
en

o
p

a
u

se
 

 

C
Y

P
2
D

6
 

N
 

H
R

 (
9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 

N
o
. 
o
f 

P
at

ie
n
ts

 
3
2
 

 
 

2
1
 

 
 

1
1
 

 
 

*
1
/*

1
 

8
 

re
f 

 
4
 

re
f 

 
4
 

re
f 

 

*
1
/*

1
0

 
1
3
 

0
.7

1
 (

0
.2

0
-2

.5
4
) 

0
.5

9
9
 

1
0
 

0
.4

8
 (

0
.1

2
-1

.9
7
) 

0
.3

0
8
 

3
 

4
.9

4
e-

0
9
 (

0
) 

1
.0

0
0
 

*
1
0
/*

1
0

 
1
1
 

1
.4

3
 (

0
.4

2
-4

.8
9
) 

0
.5

7
3
 

7
 

0
.5

5
 (

0
.1

3
-2

.4
9
) 

0
.4

3
8
 

4
 

2
.0

8
 (

0
.6

7
-6

.4
8
) 

0
.2

0
9
 

N
o
. 
o
f 

P
at

ie
n
ts

 
4
0
 

 
 

2
5
 

 
 

1
5
 

 
 

W
t/

W
t 

1
1
 

re
f 

 
5
 

re
f 

 
6
 

re
f 

 

W
t/

*
1
0

 
1
8
 

1
.3

1
 (

0
.4

0
-4

.2
6
) 

0
.6

5
4
 

1
3
 

0
.8

2
 (

0
.2

2
-3

.1
0
) 

0
.7

6
9
 

5
 

1
.1

3
 (

0
.2

8
-4

.5
1
) 

0
.8

6
5
 

*
1
0
/*

1
0

 
1
1
 

2
.2

6
 (

0
.6

6
-7

.7
4
) 

0
.1

9
4
 

7
 

0
.8

6
 (

0
.1

9
-3

.8
3
) 

0
.8

3
9
 

4
 

2
.6

5
 (

0
.8

5
-8

.2
7
) 

0
.0

9
3
 

N
o
. 
o
f 

P
at

ie
n
ts

 
4
3
 

 
 

2
7
 

 
 

1
6
 

 
 

E
M

/E
M

 
1
1
 

re
f 

 
5
 

re
f 

 
6
 

re
f 

 

E
M

/I
M

 
2
0
 

1
.3

1
(0

.4
1
-4

.1
9
) 

0
.6

4
5
 

1
4
 

0
.7

4
 (

0
.2

0
-2

.8
1
) 

0
.6

6
2
 

6
 

1
.4

4
 (

0
.4

3
-4

.7
8
) 

0
.5

5
3
 

IM
/I

M
 

1
2
 

1
.9

4
 (

0
.5

7
-6

.6
5
) 

0
.1

9
4
 

8
 

0
.7

0
 (

0
.1

9
-3

.8
3
) 

0
.6

4
2
 

4
 

2
.6

6
 (

0
.8

5
-8

.2
8
) 

0
.0

9
1
 

N
o
. 
o
f 

P
at

ie
n
ts

 
4
8
 

 
 

3
0
 

 
 

1
8
 

 
 

W
t/

W
t 

1
1
 

re
f 

 
5
 

re
f 

 
6
 

re
f 

 

W
t/

V
 

2
2
 

1
.5

3
(0

.4
9
-4

.7
4
) 

0
.4

6
9
 

1
6
 

0
.9

0
 (

0
.2

5
-3

.2
9
) 

0
.8

7
8
 

6
 

1
.4

3
 (

0
.4

3
-4

.7
7
) 

0
.5

5
5
 

V
/V

 
1
5
 

1
.7

4
(0

.5
2
-5

.7
6
) 

0
.3

7
0
 

9
 

0
.6

2
 (

0
.1

4
-2

.7
1
) 

0
.5

1
2
 

6
 

2
.4

9
 (

0
.8

3
-7

.4
6
 

0
.1

0
4
 

T
o
 c

o
n
ti

n
u
e.

  
   

Montri Chamnanphon                                                                                                              Results / 116 



  

G
en

o
ty

p
es

 
 

O
v
er

a
ll

 
 

 
P

r
e-

m
en

o
p

a
u

se
 

 
 

P
o
st

-m
en

o
p

a
u

se
 

 

C
Y

P
2
C

1
9
 

N
 

H
R

 (
9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 
N

 
H

R
 (

9
5
%

 C
I)

 
P

 

N
o
. 
o
f 

P
at

ie
n
ts

 
4
8
 

 
 

3
0
 

 
 

1
8
 

 
 

H
o
m

o
 *

1
 

2
1
 

re
f 

 
1
4
 

re
f 

 
7
 

re
f 

 

H
et

*
1
 

2
4
 

0
.9

8
 (

0
.4

4
-2

.2
0
) 

0
.9

7
0
 

1
4
 

1
.1

0
 (

0
.4

2
-2

.8
7
) 

0
.8

4
3
 

1
0
 

0
.9

5
 (

0
.4

5
-2

.0
1
) 

0
.8

9
8
 

H
o
m

o
*
2
 

3
 

1
.9

9
e-

1
6

 
1
.0

0
0
 

2
 

1
.0

2
e-

1
7
 

1
.0

0
0
 

1
 

2
.3

1
e-

0
8
 

1
.0

0
0
 

N
o
. 
o
f 

P
at

ie
n
ts

 
4
8
 

 
 

3
0
 

 
 

1
8
 

 
 

H
o
m

o
 E

M
 

2
1
 

1
.0

 (
re

f)
 

 
1
4
 

1
.0

 (
re

f)
 

 
7
 

1
.0

 (
re

f)
 

 

H
et

 E
M

 
2
4
 

0
.9

8
 (

0
.4

4
-2

.2
0
) 

0
.9

7
0
 

1
4
 

1
.1

0
 (

0
.4

2
-2

.8
7
) 

0
.8

4
3
 

1
0
 

0
.9

5
 (

0
.4

5
-2

.0
1
) 

0
.8

9
8
 

H
o
m

o
 P

M
 

3
 

1
.9

9
e-

1
6

 
1
.0

0
0
 

2
 

1
.0

2
e-

1
7
 

1
.0

0
0
 

1
 

2
.3

1
e-

0
8
 

1
.0

0
0
 

A
ll

 P
 v

al
u
e 

w
er

e 
te

st
 b

y
 C

h
i-

sq
u
ar

e 
te

st
; 

H
R

, 
h
az

ar
d

 r
at

io
; 

9
5

%
 C

I,
 9

5
%

 c
o

n
fi

d
en

ce
 i

n
te

rv
al

s 

 

Fac. of Grad. Studies, Mahidol Univ.                                                      M.Sc. (Clinical Pathology) / 117 



Montri Chamnanphon                                                                                                        Discussion / 118 

 

 

CHAPTER VI 

DISCUSSION 

 

  

 This study is the first to investigate the association between host genetic 

and breast cancer outcomes in tamoxifen treated Thai women breast cancer patients. 

The present study aimed to identify the polymorphisms in CYP2D6 and CYP2C19 

may influence on the tamoxifen efficacy and clinical outcomes during the five years 

after breast cancer surgery and treated with adjuvant tamoxifen. Previous studies have 

been reported that tamoxifen metabolisms (CYP2D6, CYP2C19, CYP3A5, and 

SULT1A1) or tamoxifen metabolites (4-OHtam and endoxifen) influence on breast 

cancer outcomes but our results did not support the previous studies. The variant 

alleles of two genes were not involved in tamoxifen efficacy. Our results shown that 

no significant difference in the polymorphisms in CYP2D6 and CYP2C19 between 

breast cancer cases who had disease recurrence during five years treated with adjuvant 

tamoxifen compared with breast cancer control who had not disease recurrence. 

However, there was significant difference in allelic frequencies of CYP2D6 

(heterozygous CT at nucleotide 100, CYP2D6*10) between pre-menopause breast 

cancers and post-menopause breast cancers (P value = 0.031). In addition, the 

presence of variant alleles of CYP2D6 and CYP2C19 were found that no significant 

differences disease free survival (DFS) between breast cancers cases and breast 

cancers controls but we could found that Kaplan-Meier estimates showed significant 

difference DFS of CYP2D6 genotypes in patients with heterozygous GA at nucleotide 

1846G>A (CYP2D6*4) compared with homozygous wild type (GG) in overall and 

pre-menopause groups (Log-rank test, P = 0.031 and 0.019, respectively). There was 

no homozygous variant (AA) at nucleotide 1846G>A. This result seemed to agree with 

Schroth and colleagues [25] that patients with carrying CYP2D6*4 had significantly 

worse in both event free survival rates and shorter relapse free time. Because of the 

heterozygous CYP2D6*4 genotype establishes a small number of patients, result 

should therefore be confirmed in a larger patient population. Furthermore, Kaplan-

Meier estimates showed significant difference disease free survival (DFS) in patients 



Fac. of Grad. Studies, Mahidol Univ.       M.Sc. (Clinical Pathology) / 119 

 

with homozygous variant (TT) compared those with heterozygous CT or homozygous 

wild type (CC) at nucleotides 100 and 1039 (CYP2D6*10) in post-menopause group 

(Log-rank test, P = 0.046 and 0.046), which two SNPs were associated in linkage 

disequilibrium. 

 The characteristics of breast cancer patients may affect to the clinical 

outcome. We found no association between patient’s characteristics and tamoxifen 

efficacy in patients with breast cancer who receiving adjuvant tamoxifen. However, 

the method for breast cancer therapy, chemotherapy was related to DFS in overall and 

pre-menopausal group (Log-rank test, P = 0.003 and 0.002, respectively). 

 The metabolism of tamoxifen is complex and mediated by multiple CYP 

enzymes and genetic polymorphisms of these enzymes may influence the plasma 

concentrations of tamoxifen and its metabolites. Tamoxifen is metabolized to its active 

metabolites, such as 4-hydroxytamoxifen and endoxifen, by multiple CYP enzymes 

including CYP2D6, CYP3A4/5, CYP2C9, CYP2C19, CYP1A2, CYP2B6 and it is 

eliminated by other enzymes in part of pharmacokinetic excretion including 

sulfotransferase (SULT)1A1 and UDP-glucuronosyltransferase (UGT)2B15 and 

UGT1A4 [43]. Nowell S et al. [43] reported that breast cancer patients with SULT 

homozygous variant allele (SULT1A1*2/*2) had approximately three times the risk of 

death (HR, 2.9; 95% CI, 1.1 - 7.6) compared with breast cancer patients who were 

homozygous for the common allele of SULT1A1 (SULT1A1*1/*1) or breast cancer 

patients who were heterozygous variant allele of SULT1A1 (SULT1A1*1/*2). Several 

previous studies have been investigated the association between the polymorphisms in 

CYP2D6 and tamoxifen efficacy and clinical outcomes in patients receiving adjuvant 

tamoxifen. Goetz et al. [110] reported that breast cancer patients with decreased 

CYP2D6 metabolism had significantly shorter time to recurrence (HR, 1.91; 95% CI, 

1.05-3.45; P = 0.034) and worse relapse-free survival (HR, 1.74; 95%CI, 1.10-2.74; P 

= 0.017) compared to patients with extensive CYP2D6 metabolism. In addition, 

patients with PM phenotype (CYP2D6*4/*4) had significant higher risk of breast 

cancer relapse approximately three times compared to extensive metabolizers 

(CYP2D6*1/*1 and *1/*4) (HR, 3.12; P = 0.007). It has been also reported that 

patients who carrying at least one decrease CYP2D6 alleles (CYP2D6*4, *5, *10, *41) 

had significantly shorter relapse free time (RFTs) (HR, 2.24; 95%CI, 1.16 - 4.33; P = 
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0.02) and worse event free survival (EFS) rates (HR = 1.89; 95%CI, 1.10 - 3.25; P = 

0.02) compared to patients with at least one functional allele (CYP2D6*1/*1). In 

addition, patients with heterozygous or homozygous CYP2C19*17 had significantly 

better RFTs (HR, 0.45; 95% CI, 0.21- 0.92; P = 0.03) than the carriers of CYP2C19*1, 

*2, and *3 alleles but there was no associations between polymorphisms in CYP2C19 

(*2 and *3), CYP3A5, CYP2B6, CYP2C9 and treatment outcome or survival time [68]. 

Teh L et al. [111] demonstrated that patients carrying CYP2D6*10/*10  and 

heterozygous null allele had higher risk of breast cancer relapse and metastasis (OR, 

13.14; 95%CI, 1.57-109.94; P = 0.004) compared to patients with CYP2D6*1/*1 and 

*1/*10 genotype. Furthermore, breast cancer patients with homozygous CC genotypes 

at nucleotide C3435T of ABCB1 had a shorter time to relapse compared to CT and TT 

genotypes, but it was not statistically significant. Xu et al. [76] showed that patients 

with CYP2D6*10 homozygous TT genotype had significant worse DFS than patients 

with heterozygous CT and homozygous CC genotype (HR, 4.7; 95%CI, 1.1-20.0; P = 

0.004). Lim et al. [112] reported that patients with CYP2D6*10/*10 genotype had 

significantly higher risk of breast cancer relapse within 10 years after surgery 

compared with the other genotypes (time to disease progression,TTP: 5.03 v 21.8 

months, P = 0.0032). Kiyotani et al. reported that patients with CYP2D6*10/*10 and 

CYP2D6*1/*10 showed significantly shorter recurrence free survival compared to 

patients with CYP2D6*1/*1 (HR, 9.52; 95% CI, 2.79-32.45; P = 0.000036).  

 There are some arguments about the effect  of CYP2D6  genetic 

polymorphisms on tamoxifen efficacy. Some previous studies from both European and 

Asian population showed that no significant association between polymorphisms in 

CYP2D6 and tamoxifen treatment outcomes. Okishiro et al. [78] reported that breast 

cancer patients with CYP2D6*10/*10 genotypes showed no significantly different 

RFS rates compared with homozygous wt/wt or wt/*10 genotypes and no significantly 

different RFS rates between CYP2C19 PM genotypes (CYP2C19*2/*2, *2/*3, or 

*3/*3) compared to patients with CYP2C19 EM genotypes (CYP2C19 wt/wt, wt/*2, or 

wt/*3). Toyama et al. [80] demonstrated that no significantly correlation between 

patients with CYP2D6*10/*10 genotype and survival time (DFS, DDFS, BCSS, and 

OS) compared with CYP2D6 wt/wt and wt/*10 genotypes. In contrast, the result from 

Wegman et al .  [79] showed that patients with CYP2D6*4/*4  genotype had 
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significantly better DFS than patients with heterozygous or homozygous CYP2D6*1 

(P = 0.004 and P = 0.005, respectively). Furthermore, they found that patients with 

homozygous CYP3A5*3 had significant higher RFS than the other genotypes in 

tamoxifen treatment for 5 years (HR, 0.20; 95%CI, 0.07-0.55; P = 0.002) and there 

was no correlation between RFS and SULT1A1 or UGT2B15 genotypes. Our data 

support the conclusion of these studies that CYP2D6 and CYP2C19 variants are not 

significantly associated with clinical outcome in breast cancer patients with adjuvant 

tamoxifen.  

 The Amplichip CYP450 Test can identify 33 allelic variants in CYP2D6 

and 3 allelic variants in CYP2C19 in one sample. The use of an automatic system such 

as the AmpliChip CYP450 may help to speed up the analytical process with minor 

limitations in specificity, such as misinterpretation between two SNPs, one EM and the 

other IM. However, several CYP2D6 variant alleles are not detected by the Amplichip 

CYP450 Test i.e. CYP2D6*12, *13, *16, *18, *21, *22, *23, *24, *27, *28, *32, *33, 

*34, *37, *38, *39, *42-*59, *61-*67 and for CYP2C19, which several alleles are not 

detected by the Amplichip CYP450 Test i.e. CYP2C19*4-*9, and *17 . In addition, 

Justenhoven et al. [62] reported that patients with heterozygous or homozygous 

CYP2C19*17 had reduced breast cancer risk (OR, 0.77, 95% CI; 0.65–0.93; P = 

0.005).  

This study has some limitations. First of all, the retrospective nature of the 

design is a weakness shared with all other available studies. The design study with 

retrospective method is lack data of correlation between polymorphisms in CYP2D6 

and plasma concentration of tamoxifen metabolites. The small sample size and low 

PM phenotype number gives a low statistical power. It is possible that one or more of 

these variants are associated with a specific subgroup of breast cancer patients. The 

data showed that high frequency of CYP2D6*10 (100C>T) similar previous reported 

in Asian population [24, 111]. The result demonstrated that only 8 from 29 

polymorphisms could be found in this study including -1584C>G, 100C>T, 1039C>T, 

1661G>C, 1846G>A, 2850C>T, 4180G>C and *36GC .  This study had no 

homozygous CYP2D6 PM allele (CYP2D6*3, *4, and *5) or no homozygous UM 

allele (CYP2D6*1XN, *2XN and *35XN), it is possible that there was small sample 

size.  
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CHAPTER VII 

CONCLUSION 

 

 

Genetic polymorphisms of CYP2D6 and CYP2C19 may be used for help 

physician plan for treatment patient with breast cancer. This study presented that 

CYP2D6*10 (100C>T and 1039C>T) was significantly associated with shorter DFS in 

subgroup post-menopausal group but no statistically difference in other groups. 

Therefore that genetic polymorphisms CYP2D6 might be necessary in post-

menopausal breast cancer patients receiving tamoxifen. However, the metabolism of 

tamoxifen is complex. The combination of several mechanisms might be explained the 

relationship between host genetic and tamoxifen outcomes. This is a small 

retrospective study. The large numbers of patients will be needed to be verified by the 

future studies.  
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Suppliers 

- MicroAmp (0.2 mL) Reaction Tubes, Caps, Tray/Retainers or MicroAmp 

Reaction Tubes/Tray/Retainer Assembly and Base  

- Tough-Spots labels, small (USA Scientific, Inc., Ocala, FL)  

- 2.0 mL screw cap tubes: Sarstedt  

- 1.5 mL microfuge tubes: VWR  

- Sterile polypropylene conical tubes; 15 mL 

- 500 mL square media bottles: Nalgene  

- Adjustable Pipettors  

- Dry Heat Block set at 95 
o
C  

- Plastic resealable bag 

- Sterile disposable serological pipettes (5 and 10 mL) 

- Graduated vessels 

- Vortex mixer 

- Tube racks 

- Disposable gloves, powderless 

- Ice water bath 

- Aluminum foil 

 

 Solution for Electrophoresis and ethidium bromide staining 

1.  10X TBE (stock solution) 

Makes 1 L. Store at room temperature indefinitely.  

 1 g of NaOH  

 108 g of Tris base (m.w. 121.10)  

 55 g of boric acid (m.w. 61.83)  

 9.5 g of ethylene diamine tetraacetic acid (EDTA, disodium salt, m.w. 

372.24) 

Add all dry ingredients to 700 mL of deionized or distilled water in a 2 L 

flask.  Sterile to dissolve preferably is using a magnetic stirrer until the dry was 

dissolved and added distilled water to bring the total solution to 1L. 

Working solution (1X TBE) was prepared by adding 100 ml of 10X TBE 

with 900 ml of DW. 
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2.  50 mg/ml Ethidium bromide             100 ml 

1. Ethidium bromide      0.5  g 

2. Distilled water      100  ml 

Dissolved ethidium bromide with distill water 100 ml (5 mg/ml) and 

sterile on magnetic sterer until the dry was dissolved. Store in the dark bottle and keep 

at room temperature. 
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