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Abstract 
Background: Tamoxifen is drug choice for female breast cancer in both pre and postmenopausal 
women as adjuvant treatment for hormone sensitive breast cancer.  CYP2C19 play important role 
in the formation of a proportion of tamoxifen metabolites, including the conversion of 4-OH-TAM 
to endoxifen. 
Objective: in order to study the prevalence of CYP2C19*3 (G > A, rs4986893) and CYP2C19*17 
(C > T, rs11188072) genetic polymorphism and their impact on tamoxifen therapy response in 
Iraqi breast cancer woman.  
Methods: This study was across-sectional observational study carried out at Imam AL-Hussein 
Medical City/Oncology center in kerbala and laboratories of College of Pharmacy / University of 
Kerbela, during the period between (November 2021 and Augest 2022). The study was conducted 
on total 100 females Iraqi women with (ER and /or PR) positive breast cancer who are taken 
tamoxifen (at least since 3 months).  After taking blood sample from each patient genomic DNA 
was extracted from each blood sample by using the protocol and manufacturers instruction of 
Favorgen Bio Tech /China for blood genomic DNA extraction kit.  
Results: The mean age of participants in this study wass (51.08) years old. The distribution and 
percentage of individuals having ((C > T, rs 11188072) differ from those expected under Hardy–
Weinberg equilibrium {number of observed vs expected were: CC (71, 63.2); TT (12, 4.2); CT 
(17, 32.6) (goodness-of-fit χ2 for rs 11188072; 22.891, P < 0.001} and therefore it was statistically 
significant. The distribution and percentage of individuals having (G > A, rs 4986893) differ from 
those expected under Hardy–Weinberg equilibrium {number of observed vs expected were: GG 
(20, 10.6); AA (25, 45.6); GA (25, 43.9) (goodness-of-fit χ2 for rs 93 18.507, P < 0.001} and 
therefore it was statistically significant. 
Conclusion: For this cross sectional study in Iraqi breast cancer woman, we observed that 
genotypes frequencies of CYP2C19*3 (G > A, rs4986893) and CYP2C19 *17 (C > T, rs 
11188072) be consistent with Hardy–Weinberg equilibrium and the results were statistically 
significant and wild type (CC) of rs 11188072 and hetrozogyous (GA) of rs4986893 are more 
predominant genotype in these population . 
Key words: Breast cancer, Tamoxifen   , CYP2C19 gene. 
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Introduction 
Carcinogenesis is a multifactorial process that is stimulated by both genetic and environmental 
causes. Breast cancer is currently one of the most prevalently diagnosed cancers and the 5th cause 
of cancer-related deaths with an estimated number of 2.3 million new cases worldwide according 
to the GLOBOCAN 2020 data [1]. Breast cancer (BC) is the leading cause of cancer-related 
mortality in females and thus accounts for approximately 684,996 deaths annually [2]. BC is 
complex and highly heterogeneous disease and is composed of distinct subtypes associated with 
different clinical outcomes [3]. These subtypes are based on the expression of estrogen receptor 
(ER) alpha (ERα), the progesterone receptor (PR), and the human epidermal growth factor 
receptor-2 (HER2)/neu. Molecular analysis through gene expression profiling of tumors revealed 
four intrinsic BC subtypes: luminal ERα positive (ERα+; luminal A and luminal B), HER2 
enriched, and basal-like [triple-negative BC (TNBC)] [4, 5]. TNBC lacks ERα, PR, and HER2 
[6].The steroid hormone, estrogen [17β-estradiol (E2)], plays an integral role in the development 
of normal breast tissue. E2 can also function as a driver in the initiation and progression of BC. 
The majority of BC starts as hormone-dependent; approximately 70-80% of BC diagnoses are 
ERα+, and 55-65% are PR positive (PR+) at the time of initial diagnosis. Patients with HER2 
overexpressing BC comprise approximately 15% of all BC diagnoses [7, 8, and 9]. Various lines 
of treatment are used including: surgery, radiation therapy, chemotherapy, hormonal therapy and 
targeted therapy. In those with distant metastasis, treatments are mostly aimed at improving quality 
of life and survival rate [7]. 
Tamoxifen (TAM) has been used for the treatment of estrogen-receptor-positive breast cancer for 
three decades and still has its place in the treatment of both early and metastatic breast cancer. 
Tamoxifen is the preferred endocrine therapy in premenopausal women and an acceptable option 
in postmenopausal women, especially in the group with low risk of relapse [10]. In early stage 
breast cancer, TAM reduces the 15-year risks of breast cancer recurrence and death by about a 
third [11].Even though the benefit of adjuvant TAM persists for years, some patients will 
eventually relapse and die of breast cancer [11]. In addition to causing hot flushes TAM increases 
the risk of endometrial cancer and thromboembolic complications [12, 13]. 
Tamoxifen is a prodrug and extensively metabolized in the liver to more potent metabolites 
including; 4-hydroxy-tamoxifen and 4-hydroxy-N-desmethyl-tamoxifen (endoxifen), to elicit its 
pharmacological activity [14]. Heterogeneity in patients’ responses to tamoxifen among breast 
cancer patients is consistently observed across patient populations where administration of the 
same dose of this drug results in a range of outcomes which include adverse events or therapeutic 
failure [15, 16]. The complex metabolism of tamoxifen is primarily catalyzed by cytochrome P450 
(CYP) enzymes, amongst which CYP2D6, CYP2C19, CYP3A4, CYP2B6 and CYP2C9 are 
presumed to be the most important isoenzymes [17]. For example, CYP2D6 plays a pivotal role in 
converting tamoxifen to 4-hydroxytamoxifen, or converting N-desmethyl tamoxifen, the major 
metabolite in patients’ plasma, to endoxifen. Other isoforms of CYP, including CYP3A4, 
CYP3A5, CYP2C9, CYP2C19 and CYP2B6, are also involved in   tamoxifen   metabolism [18, 
19, 20]. 
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The term polymorphism defines monogenetic trait, caused by the presence of more than one allele 
at the same locus and more than one phenotype in the same population in regard to drug interaction 
with the organism, with the frequency of the rarest allele of more than 1%. DNA sequence 
variations may occur as insertions or deletions of nucleotides, differences in the copy number of 
repeated sequences or SNPs -Single Nucleotid Polymorphisms [21].If the mutations occur in 
proteins that are drug targets or drug-metabolizing enzymes, or in proteins that are involved in 
drug transport mechanisms, they can affect drug efficacy and safety [22]. For the CYP2C19 gene 
(cytochrome P450, family2, subfamily C, polypeptide 19).The CYP2C19 gene which is localized 
on chromosome 10. More than 20 different alleles have been described for CYP2C19, located in 
both the 5´-flanking region as well as in coding and noncoding parts of the gene, the CYP2C19 
gene is highly polymorphic [23]. The CYP2C19 play important role in the formation of a 
proportion of tamoxifen metabolites, including the conversion of 4-OH-TAM to endoxifen 
[24].Loss of enzyme activity results from CYP2C19*3(G > A, rs4986893 alleles [25]; the *3 allele 
occurs in 5–10% of Asians [26]. 
While;CYP2C19*17 (C > T, rs11188072) has been implicated in enhanced gene transcription [27, 
28]. The *17 allele is found in about 4% of Asians and 18–24% of Caucasians and Asian [29, 30, 
31]. 
The aim of the study 
 To investigate the distribution of CYP2C19*3 (G > A, rs4986893) allele and CYP2C19*17 (C > 
T, rs11188072) allele polymorphisms in Iraq breast cancer woman taking tamoxifen therapy and 
their effect on tamoxifen response. 
 Patients and methods  
 Study population 
This study was across-sectional observational study carried out at Imam AL-Hussein Medical 
City/Oncology center in kerbala and laboratories of College of Pharmacy / University of Kerbela, 
during the period between November(2021) and May (2022). The protocol of the study was 
approved by the Scientific and Ethical Committee of Pharmacy College / Kerbala University. The 
study was conducted on total 100 females Iraqi postmenopausal women aged 45≥ with (ER and 
/or PR) positive breast cancer who are taken tamoxifen tablet 20 mg per day orally were included 
without any diseases. All precautions have been taken in clinical settings to prevent infection of 
covid19. Patients excluded if they had started tamoxifen therapy simultaneously with either 
adjuvant chemotherapy or adjuvant radiation therapy (or both) and women who taking drugs that 
affect the activity of CYP2C19 enzyme (inducer or inhibitors) were excluded.  
Clinical data collection 
The clinical data was obtained from the medical records of consenting patients  and from the 
patients themselves and these includes: age, weight, height, education , workplace, marital status, 
breast feeding, date of first menarche and last menopause, family history of breast cancer and 
number, date of breast cancer diagnosis, site (left ,right, bilateral), type of breast cancer ,stage and 
grading, immune histochemically status (ER,PR,HER2),surgery, chemotherapy, radiation, 
presence of osteoporosis, liver disease or any other diseases ,time on tamoxifen therapy and 
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duration, other drugs used.  
 
 Sample collection  
Blood samples were taken from eligible females who had signed informed consent.  Two ml of 
blood was placed in EDTA- tube for molecular analysis.  
 DNA Extraction 
Genomic DNA was extracted from each blood sample by using the protocol andmanufacturers 
instruction of Favorgen Bio Tech /China for blood genomic DNA extraction kit. The DNA was 
collected and long term stored at -20 °C (deep freezing).Based on NCBI database, all gene 
information, sequence and SNP details were collected. Using specific software, primers were 
designed. The SNPs of CYP2C19*3(G > A, rs4986893) allele and CYP2C19*17 (C > T, 
rs11188072) allele polymorphisms on Iraq breast cancer woman taking tamoxifen therapy was 
genotyped using conventional genotyping assays by (PCR Master Mix -Promega / USA kit). There 
are several polymerase chain reactions (PCR) techniques differ in the principle, in this study 
amplification refractory mutation system (ARMS-PCR) technique use:  refers to mutation 
detection method based on specific PCR primers. Tables 1-4 show primer sequences and PCR 
program for each SNPs. 
Table(1):Primers sequences of CYP2C19*17 (C>T) (rs11188072 ) genetic polymorphism 
 

O-F; Outer Forward, O-R, Outer Reverse, I-F; Inner Forward, I-R; Inner Reverse     

 
Table (2): Primers sequences of CYP2C19*3(G > A) (rs4986893) genetic polymorphism. 
 

Table (3): PCR program for CYP2C19*17 (C>T) (rs11188072) polymorphism. 

Primers Primer sequence (5 ʼ->3 ʼ) Product 
size 

Reference 

O-F GGCACAATCCATGAAATAAAGAAT 408 bp Current study 
O-R  AATAGTTCTCCTTGCTGCATATCC    408 bp Current study 
I-F allele T AACGGGTCTGAACAGACCCT  200 bp Current study 
I-R allele C    TTTGGTATCTGTATGTCTTCTTGGTTAG    256 bp Current study 

Primers Primer sequence (5 ʼ->3 ʼ) Product 
size 

Reference 

O-F        CTCCATTATTTTCCAGAAACGTTTCGAT 258 bp Current study 

O-R   TGCCATCTTTTCCAGATATTCACCC    258 bp Current study 

I-F allele A   AGGATTGTAAGCACCCCCGGA     180 bp Current study 

I-R allele G     AAAAAACTTGGCCTTACCTGGCTCC 124 bp Current study 
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Steps Temperature (°C) Minute: second Cycle 
Initial denaturation 95° 05:00 1 

Denaturation 95 00:30  
35 

 
Annealing 57° 00:35 

Extension 72° 00:55 
Final extention 72° 05:00 1 

 
Table (4): PCR program for CYP2C19*3(G>A) (rs4986893) polymorphism. 

Steps Temperature (°C) Minute: second Cycles 

Initial denaturation 95° 05:00 1 
Denaturation 95° 00:30  

35 Annealing 65° 00:35 
Extension 72° 00:55 
Final extension 72° 05:00 1 

 
Statistical Analysis 
The data of participants were analysed by using the statistical package for social sciences (SPSS) 
version 28, IBM, US. Scale variables presented in mean, standard deviation (SD), while 
descriptive statistics for nominal (categorical) variables represented as frequency (number of 
participants) and proportion (percentage). Chi-Square test was used to measure the association 
between categorical variables. Fisher’s Exact test was used as an alternative when the Chi-Square 
was inapplicable. 
  
Results 
 Demographic Characteristic of patients: 
A total of 100 women participated in this study, which was divided into subgroups based on: Age, 
BMI and duration of tamoxifen treatment. The clinical demographic characteristics of patients 
group were summarized in table (5), the mean age of participants which was within a mean age of 
(51.08) years old. The descriptive table also shown an adjustment of other characteristics and risk 
factors which were collected through the self-reported technique, these factors included:, BMI, 
marital status, family history, lymph node involvement, , duration of disease and diagnosis, side 
effect of tamoxifen  and recurrence of disease. 

 
Table 5: Description of the demographic characteristics of the breast cancer patients taking 

tamoxifen therapy 
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Variables Percentage % 

Age (Years) 51.08 ± 4.85 mean ±SD 
BMI (Kg/m2)    28.30 ± 5.57 mean ±SD 

Duration of tamoxifen (Years)      3.41 ± 2.36 mean ±SD 
Duration of disease (Years)      4.18 ± 2.50 mean ±SD 

Marital status 
Married 93 
Single 7 

Family history 
Yes 44 
No 56 

Breast cancer Side 
Left breast 45 

Right breast 55 
Lymph node 
involvement 

Yes 64 
No 36 

Surgery 
Yes 94 
No 6 

Chemotherapy  
Yes 91 
No 9 

Radiotherapy  
Yes 79 
No 21 

Immunohistochemical
tests 

HER2 
Negative 67 
Positive 33 

Positive for both ER/PR 98 
ER positive /PR negative 2 

Side effects  

Hot flashes 13 
Joint pain 76 

Both (Hot flashes & Joint pain) 9 
Endometrial hyperplasia 2 

Recurrence 
Yes 7 
No 93 

 
Genetic Analysis  
  Results of CYP2C19 Genotype Reactions  
 Genotyping of CYP2C19 *17 (C > T, rs 11188072) allele 
  Genotyping of CYP2C19 *17 (C > T, rs 11188072) alleles were classified into 3 genotypes:  
1. The major genotype group (CC) homozygous for the allele C. 
2. The minor genotype group (TT) homozygous for the allele T.  
3. Heterozygous (CT). 
Table (6) summarizes the distribution of genotyping groups of CYP2C19 *17 genotype 
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 (C > T , rs 11188072 ). 
Table 6:  Distribution of CYP2C19 *17 (C > T, rs 11188072) genotype in breast cancer 
patients taking tamoxifen  

Variable Group Frequency Percentage 

Genotype 

CC (wild) 71 71% 

TT (homo) 12 12% 

CT (hetero) 17 17% 

Data Presented by numbers and percentage  

 
Genotyping of CYP2C19*3 (G > A, rs4986893) allele 
Genotyping of CYP2C19*3 (G > A, rs4986893) alleles were classified into three genotypes: 

1. The major genotype group (GG) homozygous for the allele G. 
2. The minor genotype group (AA) homozygous for the allele A.  
3. The heterozygous (GA). 
Table (7) summarizes the distribution of genotyping groups of for rs 4986893 in patients 
with breast cancer 

Table (7): Distribution of CYP2C19*3(G > A, rs4986893) genotype in breast cancer patients 
taking tamoxifen therapy 

 
Variable 

Group Frequency Percentage 

Genotype 

GG (wild) 20 20% 

GA (hetero) 55 55% 

AA (homo) 25 25% 

Data Presented by numbers and percentage  

 
 Rs 11188072 

The result of comparison between observed and anticipated values for rs 11188072. Gene in the 
tested population was shown in figure (1), and table (8). The distribution and percentage of 
individuals having rs 11188072 differ from those expected under Hardy–Weinberg equilibrium 
{number of observed vs expected were: CC (71, 63.2); TT (12, 4.2); CT (17, 32.6) (goodness-of-
fit χ2 for rs 11188072; 22.891, P < 0.001} and therefore it was statistically significant.  
Table (8): Hardy–Weinberg equilibrium for(C > T, rs11188072 ) genotype in breast cancer 
patients taking tamoxifen therapy 

Genotypes 
Alleles Hardy–Weinberg 

equilibrium X2 test T C 
Genotype N= 100 Frequency % 0.795 0.205 22.891 
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Figure (1): observed (Obs.) vs. expected (Exp.) genotype frequencies % of (C > T, 
rs11188072) breast cancer patients taking tamoxifen therapy 
 
 Rs 4986893 

The result of comparison between observed and anticipated values for SNP with rs 4986893 in the 
tested population were shown in figure (2) and table (9). The distribution and percentage of 
individuals having rs 4986893 differ from those expected under Hardy–Weinberg equilibrium 
{number of observed vs expected were: GG (20, 10.6); AA (25, 45.6); GA (25, 43.9) (goodness-
of-fit χ2 for rs 93 18.507, P < 0.001} and therefore it was statistically significant.  
Table (9): Hardy–Weinberg equilibrium for (G > A, rs4986893rs ) in breast cancer patients 
taking tamoxifene therapy 
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Alleles Hardy–Weinberg 

equilibrium X2 test 
T C 

Genotype N= 100 Frequency % 

0.325 0.675 
18.507 

P < 0.001 [S] 
GG (Wild Type) 20 20 
GA(heterozygous mutant type ) 25 25 
AA (homozygous mutant type) 55 55 
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Figure (2): Observed (Obs.) vs expected (Exp.) genotype frequencies % of (G > A, rs4986893) 
) in breast cancer patients taking tamoxifene therapy 
 
Table (10): Association of side effects with demographic data 
 

Demographic parameters Patient Genotype (N=100) 
P value Hot 

flashes 
Joint 
pain 

Both 
Endometrial 
hyperplasia 

Age group 44 - 49 Years 5 33 7 0 
0.252 50 - 55 Years 6 29 1 2 

56 - 65 Years 2 14 1 0 
BMI 
group 

Obese 7 48 5 1 
0.887 

No Obese 6 28 4 1 
Treatment 
duration 
 

Less than 5 Years 10 62 7 2 
0.876 

More than 5Years 3 14 2 0 

Diagnosis 
duration 
 

Less than 5 Years 8 53 7 2 
0.668 

More than 5Years 5 33 2 0 

Results are presented as mean ± SD, or n= number of subjects and percentage, 
p<0.05 considered, significantly different, [S]= Significant, [NS]= Non significant 

 
 Table 11: Association of recurrence with demographic data 

Group 
Recurrence  

P Value No Yes 
Age group 44 - 49 Years 44 1 0.025* 
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50 - 55 Years 32 6 
56 - 65 Years 17 0 

BMI group Obese 57 4 
0.828 

No Obese 36 3 
Treatment 
duration 
 

Less than 5 Years 75 6 
0.742 

More than 5 Years 18 1 

Diagnosis 
duration 
 

Less than 5 Years 66 4 
0.441 

More than 5 Years 27 3 

Results are presented as mean ± SD, or n= number of subjects and percentage, p<0.05 
considered ,significantly different, [S]= Significant, [NS]= Non significant 

Table (12): Difference between side effect and recurrence in rs 11188072 SNP  
 

Demographic parameters 
Genotype n=100 

P value CC 
(N=71) 

CT 
(N=17) 

TT 
(N=12) 

Side effect 

Hot flashes 9 2 2 

0.21 
Joint pain 54 13 9 

Both (Hot flashes & Joint 
pain) 

7 
 

2 0 

Endometrial hyperplasia 1 0 1 

Recurrence  
Yes 65 17 11 

0.70 
No 6 0 1 

  

Table (13): Difference between side effect and recurrence in rs rs4986893SNP  
 

Demographic parameters 
Genotype n=100 

P value 
 

GG 
(N=20) 

GA 
(N=25) 

AA 
(N=55) 

Side effect  

Hot flashes 1 4 8 
0.19 

 
Joint pain 18 21 37 

Both (Hot flashes & Joint pain) 1 0 8 
Endometrial hyperplasia 0 0 2 

Recurrence  
Yes 3 1 3 

0.32 
No 17 24 52 

 
 
Discussion 
Adjuvant therapy for breast cancer is used after considering: the patient age, tumor staging, 
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biological factors, and tumor volume these therapies include: surgery, hormonal therapy (such as 
tamoxifen [TMX], toremifene), anti-HER2 drugs, and chemotherapy [32, 33]. If hormone 
receptor-positive breast neoplasms, hormonal therapy is mandatory [33,34,35]. TMX is the main 
adjuvant hormonal therapy used in pre and postmenopausal patients. Considering that 70% of the 
breast neoplasms are estrogen receptor-positive (ER), the use of TMX is commonly recommended 
as the first choice hormonal therapy for breast cancer [36, 32, 34]. 
Breast cancer is complex disease and is associated with many different causes. Apart from genetic 
predisposition; many other factors could have an impact on developing breast cancer among 
women including: demographic characteristics, clinical, reproductive, and environmental features 
[37]. Beside female gender, age considers strongest risk factors for breast cancer. In this study 
mean age is (51.08) with more frequency occur between age group of (44-49), and less frequency 
occur when increase age (56-65) group show in table (5) this is disagreement with previous study 
[38]. Body mass index (BMI) is important probability factor for increase breast cancer, in this 
study mean for BMI is (28.30) previous study showing that female with greater (BMI) are at a 
greater risk for developed breast cancer compared to those with low BMI [39].  The researchers’ 
also observed that greater BMI is associated with more aggressive biological features of tumor 
including a higher percentage of lymph node metastasis and greater size. Increased body fat will 
enhances the inflammatory state and affects the levels of circulating hormones facilitating pro-
carcinogenic events [40]. Marital status is another risk factor that descriptive in this study ,we 
found 93% of breast cancer woman married and 7% unmarried so that some studies have reported 
that no significant correlation between marriage and breast cancer risk while other studies have 
shown that marriage is a protective factor for disease outcomes, also there are studies showed that 
married women have increased breast CA risk compared with the unmarried [41], as in this study 
,the explanation of these result may be due to genetic factors that contributed in breast cancer 
development. In this study 56% of  cases not associated with family history of BC,  Several studies 
showed that breast CA risk increased by 67% among women with a first – degree relative 
diagnosed with same disease and twofold in female with more than one relative affected, this 
association may be due to that both patients share inheritable genetic susceptibility (BRCA 
mutation) [42]. While in this study most of females had no family history of breast cancer. 
CYP2C19 was predicted to be an important biomarker for response to tamoxifen because it has 
similar in vitro activities to CYP2D6 and can also catalyze the conversion of tamoxifen to 
endoxifen [43]. The expression of estrogen receptor upon binding to tamoxifen shows how the 
resistance to tamoxifen will develop in the tumor microenvironment.  The alteration in the 
expression of ERα or ERβ, change in co-regulatory proteins, abnormal expression of microRNA 
and genetic polymorphisms play a role in tamoxifen metabolic activity [44, 45]. Because 
CYP2C19 play important role in tamoxifene metabolism, in this cross section study will focus on 
CYP2C19*17 (rs11188072) and CYP2C19*3 (rs4986893) on Iraqi woman with BC and their 
effect on tamoxifen  response.  
 Hardy-Weinberg equilibrium for CYP2C19*17 (rs11188072) in breast cancer female treated with 
tamoxifen. Table(8) displayed the genotype and allele frequencies for rs11188072. For both the 
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recessive and the dominant models, the allele and genotype frequency distributions were with 
agreement with Hardy-Weinberg equilibrium (p <0.05). A significant difference was discovered 
for these polymorphisms of the study participants. In the study, wild genotypes (CC) of the 
rs11188072 polymorphism had a genotype frequency of 71 percent, heterozygous mutant genotype 
(CT) had a frequency of 17 percent, and homozygous mutant(TT) had a genotype frequency of 
about 12 percent. No explanation was provided. Additional research is needed to examine the other 
genotypes and to compare the plasma medication concentrations in patients receiving tamoxifen 
therapy. 
 Hardy-Weinberg equilibrium for CYP2C19*3 (rs4986893) in breast cancer female treated with 
tamoxifen, Table (9) displayed the genotype and allele frequencies for rs4986893. For both the 
recessive and the dominant models, the allele and genotype frequency distributions were in 
agreement with Hardy-Weinberg equilibrium (p <0.05). A significant difference was discovered 
for these polymorphisms of the study participants. In the study, wild genotypes (GG) of rs4986893 
had a frequency of 20 percent, heterozygous (GA) type BC female had a frequency of 25 percent, 
and homozygous mutants (AA) type had a genotype frequency of about 55 percent. No explanation 
was provided. Additional research is needed to examine the other genotypes and to compare the 
plasma medication concentrations in patients receiving tamoxifene therapy. From this study we 
provided Wild type (CC) of ( rs11188072) and homozygous mutants (AA) of rs4986893 highest 
frequency between Iraqi population with breast cancer woman.  This study was first study for two 
presented SNPs.  
The variant CYP2C19*17 has been associated with a fast metabolizer phenotype of CYP2C19 due 
to an increased expression of CYP2C19 [46, 47].So that theoretically and according to previous 
study breast cancer woman who used tamoxifen therapy and carrier CYP2C19*17 (rs11188072), 
will increase tamoxifen metabolism and lead to an augmented production of 4-OH-tamoxifen 
(active metabolite of tamoxifen), which may improve the treatment outcome as reported by 
Schroth et al [48], that was inversely with  CYP2C19*3(G > A, rs4986893) alleles cause loss of 
enzyme activity  [49].In this cross section study didn’t find significant effect of CYP2C19 on 
tamoxifen response  this results is agree with previous study, Okishiro et al. did not find an 
association between CYP2C19*3 genetic polymorphisms leading to absent enzyme activity, and 
recurrence rate of breast cancer in users of tamoxifen [50], nor did others find any correlation 
between CYP2C19 and tamoxifen efficacy [51]. 
Adverse effect of tamoxifen include; menopausal symptoms (hot flashes, atrophic vaginitis, 
irregular menses), ocular toxicity, thrombocytopenia or leukopenia and gynecologic complications 
(endometrial cancer, endometrial hyperplasia and polysps Ovarian) [52, 53]. 
 Association of side effect with demographic data in table (10) highest frequency of side effect is 
pain joint occurring in related with duration of treatment but it is non- significant ,this results 
explain by in several retrospective or cross-sectional trials that specifically surveyed treatment 
related musculoskeletal adverse effects, the incidence of joint-related adverse effects was reported 
to be between 30% and 66%. Moderate to high-grade joint-related symptoms are also associated 
with poor adherence to therapy or treatment discontinuation, besides interfering with the daily 
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activities of the survivors [54,55,56] and low 25(OH)D concentrations are strongly linked with 
increased bone fracture rates and lower physical performance, especially in postmenopausal 
women[57,58]. 
 
Association of recurrence with demographic data further detected between demographic factors 
and recurrence of breast cancer patient taking tamoxifene, If we compered between these group 
such as aging group high recurrence value in range of (50-55) years old and high no recurrence 
value in age group of (44-49) years old, these difference led to age group statistically significant 
association with the recurrence of breast cancer.  Obese woman have high recurrence value than 
non- obese , this results agree with previous  study [59] that  obesity might be a reason for greater 
mortality rates and a higher probability of cancer relapse ,but this result is statistically non-
significant. According to duration of treatment the results when duration of treatment less than 5 
years recurrence is more than treatment when longer 5 years this results is agree with previous 
study  ,after surgery the use of tamoxifen for (5-10 years) in ER-positive breast cancer diagnostic 
female can reduce the recurrence rate by 41% and mortality rate by 34% [60] but this results  
statistically  non-significant.  
The results above are non -satisfactory because we need further investigation such as need to 
measure concentration of endoxifene (active metabolite of tamoxifene) and other metabolite and 
study genetic variant in other enzymes such as CYP2C6 that play main role in metabolism of 
tamoxifen could contribute to individual variability in tamoxifen response and may warrant further 
investigation and need large population. 
 
Conclusions 
This cross sectional observational study may be the first one done to demonstrate and assessing 
the role of CYP2C19 genetic polymorphism in tamoxifen therapy response in Iraqi breast cancer 
female .For this study genotypes frequencies of CYP2C19*3 (G > A, rs4986893) and CYP2C19 
*17 (C > T, rs 11188072) found to be consistent with Hardy–Weinberg equilibrium and the results 
were statistically significant. From this study there is no significant associated between  
CYP2C19*3 (G > A, rs4986893) and CYP2C19 *17 (C > T, rs 11188072) genetic polymorphism 
and tamoxifen response in Iraqi BC women , although it is non- significant statistically results  
CYP2C19 genotype may possibly be concidered a predictive factor for survival in breast cancer 
patients using tamoxifen with further investigation need. 
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