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Abstract: 

Tamoxifen is a cornerstone therapy for estrogen receptor-positive (ER+) 
breast cancer, improving survival and reducing recurrence. Its efficacy and 
toxicity, however, vary due to genetic polymorphisms influencing 
metabolism and transport. Key genes, such as CYP2D6, CYP3A4, and 
ATP-binding cassette transporters (ABCB1, ABCC2), are crucial in 
forming and distributing active metabolites like endoxifen. This review 
explores tamoxifen pharmacogenetics through an analysis of literature 
from PubMed, Scopus, Google Scholar, and PharmaGKB. Genetic 
variations like CYP2D6*10 in Asians and CYP2D6*17/29 in Africans 
impact therapeutic outcomes. Barriers to personalized tamoxifen therapy 
include inconsistent guidelines, limited access to genetic testing, and 
underrepresentation of ethnic groups in research.The findings highlight 
the need for multidisciplinary approaches integrating genetic, clinical, and 
environmental factors to optimize therapy. Large-scale, diverse, 
population-specific studies are essential to establish universal 
pharmacogenetic guidelines. 
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Introduction 
Genetic variations can influence the propensity 

for the initiating event, the progression to a clinical 
disease state, and the trajectory of the disease[1]. The 
implementation of precision medicine in various 
medical fields has seen a global increase in recent 
times. Precision medicine describes a treatment 
approach that considers a patient's genetics, behavior, 
environment, and lifestyle[2]. 

Individuals vary considerably in their clinical 
responses to administered drugs and their outcomes[3]. 
Such inter-individual dissimilarities frequently pose a 
challenge to the optimization of a dosage regimen 
because, according to estimations, most drugs are 
efficacious in only 25–60% of patients. Many patients 
don't fully respond to and benefit from the initial 
recommended drug treatment—even as many as 75% 
of patients who have cancer show no response to the 
first therapy. The response to the same drug and dose 
can also differ in various patients. The same dose may 
be ineffective in a group of patients due to a too-low 
drug concentration, while in another group it can lead 
to the occurrence of serious side effects or even be 
lethal [4][5]. 

Breast cancer (BC) is a disease characterized by 
different pathologies, biological characteristics, and 
clinical behaviors. It is the leading cancer among 
females worldwide with 641,000 cases reported in 
1980 and 1,643,000 cases in 2010; the annual incidence 
increase between the two years was 3.1% [6]. In the 
year 2018, the World Health Organization (WHO) 
reported 626,679  deaths from BC[7]. while in 2023 it 
represented 24.2% of all cancers and 15% of deaths due 
to cancer among females[8]. The recent shift in its 
burden in the developing world is revealed by a high 
mortality rate and poorer overall survival. The highest 
standardized mortality rate worldwide according to 
WHO statistics, six regions were found in the East 
Mediterranean Office (EMRO) and Africa Regional 
Office (AFRO) with respectively 18.6% and 17.%. On 
the other hand breast cancer among males is still 
considered a rare condition, representing 1% of the 
total breast cancer patients in Europe compared to over 
6% in Central African countries [9].  

Ethnic background and population structure can 
affect the pharmacokinetic properties of drugs through 
differences in factors such as the prevalence of genetic 

polymorphisms involved in metabolism or transport 
pathways. Also, the effect of variables such as medical 
practices, use of concomitant medications, body habits, 
and diet on drug absorption and disposition predicts 
phenotypic drug response burdensome[10].  

Treatment in oncology has made great progress 
over the past decade due to the recent revolution in 
medical interventions. Narrow therapeutic indices, 
variable overall response rates and clinical outcomes, 
and toxicities from chemotherapies are examples of the 
problems that arise from cancer treatment [11]. 
Although many patients have similar clinical 
presentations, they manifest quite different responses 
to the same treatment. Some of the therapeutic schemes 
appear to be ineffective in patients with cancer. On the 
other hand, this may lead to adverse drug reactions or 
might increase the likelihood of overtreatment. 
Optimizing treatment regimens for the individual 
patient will conceivably lead to better clinical 
outcomes[11]. Over recent years, owing to the 
advancement of medical genomics and proteomics we 
have improved our knowledge of personal differences 
in pharmacokinetics and pharmacodynamics based on 
genetic makeup. Pharmacogenomics is an important 
tool in personalized medicine. There is wide variability 
in the response of individuals to standard doses of drug 
therapy which can lead to therapeutic failures or 
adverse drug reactions[12]. Polymorphism in drug-
metabolizing enzymes is of great importance for inter-
individual differences in drug therapy[13]. 
Breast cancer treatment 

Breast cancer treatment is a rapidly evolving 
field that incorporates various therapeutic approaches 
tailored to the type, stage, and molecular characteristics 
of the disease. Standard treatment modalities include 
surgery, radiation therapy, chemotherapy, hormone 
therapy, targeted therapy, and immunotherapy. Each of 
these treatments plays a crucial role in improving 
patient outcomes, either alone or in combination. 

Hormone therapy, for instance, is primarily 
used in hormone receptor-positive breast cancers, 
which account for the majority of breast cancer cases. 
Medications like tamoxifen and aromatase inhibitors 
(e.g., anastrozole, letrozole, and exemestane)are 
designed to block estrogen's role in promoting cancer 
growth.  
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Breast cancer treatment has become 
increasingly individualized, integrating molecular and 
clinical data to guide therapy selection. The advent of 
targeted and immune-based therapies has significantly 
improved survival and quality of life for many patients, 
underscoring the importance of continued research and 
innovation in this field. 

Nearly two-thirds of breast cancers are 
classified as estrogen receptor (ER)-positive, which is 
prognostic for improved survival outcomes and 
predicts responsiveness to endocrine manipulations. By 
binding to either ER-alpha or -beta, estrogen regulates 
a wide variety of cellular effects and physiological 
conditions including breast cancer cell proliferation. 
Though not always considered in this manner, 
endocrine therapies are indeed breast cancer-targeted 
therapies, as they treat cancer by blocking specific 
receptors, which prevents or inhibits tumor growth[14]. 

Tamoxifen remains a cornerstone in the 
treatment of estrogen receptor-positive (ER+) breast 
cancer, with its efficacy relying on its metabolism to 
active metabolites like endoxifen via cytochrome P450 
enzymes, primarily CYP2D6. Genetic polymorphisms 
in CYP2D6 lead to interindividual differences in drug 
metabolism and therapeutic outcomes, highlighting the 
importance of pharmacogenetic profiling to optimize 
treatment. Other genes, such as CYP3A4, 
Sulfotransferase 1A1 (SULT1A1), and ABCB1, also 
influence tamoxifen's metabolism and transport, 
contributing to variability in its efficacy and toxicity. 
Although pharmacogenetics holds great promise, its 
integration into routine clinical practice still encounters 
numerous obstacles. These include the absence of 
universal guidelines for genetic testing, discrepancies 
in the evidence linking CYP2D6 polymorphisms to 
clinical outcomes, and variations in allele frequencies 
across ethnic groups. Additionally, the high cost and 
limited availability of pharmacogenetic testing in low-
resource settings, coupled with ethical and logistical 
concerns, hinder its widespread adoption. Recent 
advances, including genome-wide association studies 
and multi-gene panels, are paving the way for a more 
comprehensive understanding of tamoxifen 
pharmacogenetics. However, further large-scale, 
population-specific studies and cost-effectiveness 
analyses are essential to address these challenges and 
enable the global implementation of personalized 
tamoxifen therapy[15][16]. 

Therefore, the objective of this review is to 
provide a comprehensive analysis of the 
pharmacogenetics of tamoxifen, focusing on the 
genetic variations that influence its metabolism, 
efficacy, and safety in breast cancer treatment. 
Summarizing current knowledge on the roles of key 
genes, it has an impact on tamoxifen therapy. 
Methodology 

In this review, a comprehensive search was 
conducted to gather relevant scientific literature on the 
pharmacogenetics of tamoxifen in breast cancer 
treatment. The databases used included PubMed, 
Google Scholar, Scopus, and PharmaGKB. These 
platforms were chosen for their extensive coverage of 
biomedical, pharmacological, and clinical studies, as 
well as their focus on genetic and pharmacogenomic 
data. 
Tamoxifen 

Tamoxifen, a selective estrogen receptor 
modulator (SERM), is widely used in the treatment and 
prevention of estrogen receptor-positive (ER+) breast 
cancer. Its efficacy lies in its ability to act as an 
estrogen antagonist in breast tissue, thereby inhibiting 
estrogen-dependent tumor growth. Clinically, 
tamoxifen reduces the risk of breast cancer recurrence 
by approximately 40-50% in premenopausal and 
postmenopausal women and decreases the risk of 
contralateral breast cancer by up to 47%. Additionally, 
it has been employed for breast cancer prevention in 
high-risk populations, showing a 38% reduction in 
incidence among such individuals over five years of 
therapy[17][18].  

The pharmacodynamics of tamoxifen is 
characterized by its dual activity as an estrogen 
antagonist in breast tissue and a partial agonist in other 
tissues, such as the endometrium and bones. This 
duality explains some of its therapeutic benefits, such 
as preserving bone density, and its adverse effects, 
including an increased risk of endometrial cancer and 
thromboembolic events. Tamoxifen exerts its effects 
by binding to estrogen receptors (ER-alpha and ER-
beta) and modulating the transcription of estrogen-
responsiveness. Its active metabolites, particularly 4-
hydroxytamoxifen and endoxifen, have a 100-fold 
greateraffinity for estrogen receptors compared to the 
parent drug, making them critical for its therapeutic 
efficacy [19][20].  
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Tamoxifen pharmacogenomics: 
           While tamoxifen has demonstrated its ability to 
enhance survival outcomes individual patient 
responses to the therapy can vary significantly. Genetic 
factors are key contributors to differences in 
tamoxifen's therapeutic impact, as they affect both its 
metabolism and effectiveness. The interindividual 
variability in tamoxifen response is largely driven by 
genetic differences in the enzymes responsible for its 
metabolism, particularly the CYP2D6 gene [24]. 
CYP2D6 is the enzyme responsible for converting 
tamoxifen into its active metabolite, endoxifen, which 
is key to the drug's anticancer effects.  
          Variations in the CYP2D6 gene, including 
polymorphisms such as CYP2D6 poor metabolizers, 
ultra-rapid metabolizers, and extensive metabolizers, 
have been shown to significantly influence the 
therapeutic outcomes of tamoxifen. Patients with 
reduced CYP2D6 activity, such as those with certain 
polymorphisms (CYP2D6 4 allele), have lower levels 
of endoxifen, which may lead to diminished efficacy 
and a higher risk of cancer recurrence [25]. Moreover, 
ABCB1, a gene encoding for the P-glycoprotein efflux 
transporter, has also been implicated in tamoxifen 
pharmacogenetics. This transporter is involved in the 
intestinal absorption and distribution of tamoxifen and 
its metabolites. Variants in ABCB1 can influence the 
bioavailability of tamoxifen, thereby affecting its 
clinical efficacy [26]. The clinical implications of these 
genetic variations are significant. Personalized 
treatment strategies based on pharmacogenetic testing 
of CYP2D6 and other relevant genes may offer a way 
to optimize tamoxifen therapy. In clinical practice, 
patients identified as poor metabolizers could 
potentially benefit from alternative therapies or 
adjusted doses of tamoxifen to achieve adequate 
endoxifen levels [27]. However, there is still debate 
over the clinical implementation of routine 
pharmacogenetic testing for tamoxifen metabolism, 
with varying recommendations from different 
healthcare bodies. While some studies suggest that 
genetic testing may improve patient outcomes, other 
studies emphasize the need for further clinical trials to 
validate these findings [28]. Differences in tamoxifen 
response and toxicity among racial and ethnic groups 
are primarily linked to genetic diversity in 
metabolizing enzymes such as CYP2D6. Moreover, 
variations in adherence, access to healthcare, and 

environmental factors contribute to observed 
disparities in outcomes across racial and ethnic groups. 
Understanding these differences is critical for 
optimizing tamoxifen therapy through personalized 
medicine approaches [29][30]. 
Tamoxifen Metabolism: 
          Tamoxifen is metabolized into its more active 
forms by various cytochrome P450 enzymes (e.g., 
CYP2D6, CYP3A4, CYP3A5, CYP2C9, and 
CYP2C19) to produce endoxifen; a metabolite of 
greater potency[31]. tamoxifen metabolism involves 
two parallel metabolic pathways that metabolize 
tamoxifen through different cytochrome P450 enzymes 
into N-desmethyl-tamoxifen and 4-hydroxy-
tamoxifen. Then, a second transformation from N-
desmethyl-tamoxifen and 4-hydroxy-tamoxifen into 
endoxifen occurs. Tamoxifen has a relatively low anti-
estrogenic activity compared with these three active 
metabolites[32][30].In a genome-wide microarray 
analysis of tumors from women with ER-positive 
breast cancer treated with adjuvant tamoxifen, Ma et al 
discovered the HOXB13/IL-17BR gene ratio as an 
independent predictor of treatment outcome and 
demonstrated that ectopic expression of HOXB13 in a 
non transformed human mammary epithelial cell 
confers increased cell migration and invasion. 
HOXB13 expression in cells leads to reduced 
sensitivity to tamoxifen-induced apoptosis. Both genes 
are used as a prognostic marker and a biomarker 
predictive of tamoxifen benefit. [31][32][33] 
          The enzyme primarily responsible for the 
metabolic conversion of tamoxifen to endoxifen is 
CYP2D6, but other enzymes and transporters are also 
active in this metabolic pathway [34]. 
CYP2D6: The Key Enzyme in Tamoxifen 
Metabolism and Ethnic Variability 
          CYP2D6 is a polymorphic gene with more than 
100 reported allelic variants, often due to single 
nucleotide polymorphisms (SNPs). Several CYP2D6 
alleles have been associated with either increased or 
decreased enzyme activity. The following table 
summarizes the differences between various CYP2D6 
variant alleles,their corresponding enzyme activity 
levels,and their prevalence across different population. 
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Table 1: Distribution of CYP2D6 Allelic Variants and Enzyme Activity Across Population 

CYP2D6  Allele Enzyme activity Prevalence in different population 

CYP2D6*1 Wild type (normal enzyme activity) Common on all population 

CYP2D6*3 Negligible enzyme activity Rare ,mostly found in Europeans 

CYP2D6*4 Negligible enzyme activity (poor 
metabolizer) 

High in Europeans (20%),low in  
East Asians (1%-2%),(2-7%) in 

Africans 

CYP2D6*5 No enzyme activity (gene deletion) More common in Asians than in 
other population 

CYP2D6*9 Decreased enzyme activity Found  in Europeans and some 
Africans 

CYP2D6*10 Decreased enzyme activity 
(intermediate metabolizer) 

High in Asians and pacific islanders, 
low in north central ,and south 

America 

CYP2D6*17 Decreased enzyme activity 
(intermediate metabolizer) 

Mostly found in black Africans 
(35% allele variation in these 

populations 

CYP2D6*29 Reduced function allele More prevalent in African 
Americans 

CYP2D6*41 Active allele variation 
Common in middle in Eastern 

population,associated with 
duplication/multiplication. 

 
This genetic  variabiability emphasizes the need for 
considering ethinic differences to optimize therapeutic 
outcomes [35][36]. 
Secondary Enzymes in Tamoxifen Metabolism: The 
Role of CYP3A4, CYP2C9, and Others 
          While CYP2D6 is the most important enzyme in 
the metabolism of tamoxifen, secondary enzymes such 
as CYP2C9, CYP2C19, CYP3A4, and CYP2B6 also 
contribute to its overall metabolism. These enzymes, 
although secondary in nature, can still influence the 
formation of endoxifen, the active metabolite of 
tamoxifen, and there by affect its therapeutic efficacy. 
CYP2C9 and CYP2C19 have been shown to impact 
tamoxifen metabolism, with certain polymorphisms 
potentially altering drug effectiveness, especially in 
populations with specific genetic backgrounds [37]. 
However, CYP2D6 remains the primary enzyme 
responsible for the conversion of tamoxifen to its active 
form, and its polymorphisms have a more significant 
impact on tamoxifen's clinical outcomes compared to 
secondary enzymes. The variability in the effect of 

secondary enzymes such as CYP3A4 and CYP2B6 is 
generally less pronounced, and their influence is 
considered minor compared to CYP2D6, especially in 
certain ethnic populations [38].Understanding the role 
of secondary enzymes is important for personalized 
treatment strategies, but CYP2D6 remains the key 
determinant in tamoxifen metabolism and its 
subsequent clinical outcomes [39]. 
          The effects of CYP polymorphisms have been 
extensively studied globally to evaluate their impact on 
tamoxifen efficacy and pharmacokinetics. These 
polymorphisms significantly affect drug metabolism, 
leading to variability in therapeutic outcomes and side 
effects among patients from different populations. The 
following table highlights the key studies conducted 
globally, and summarizes the differences in gene 
polymorphism across various populations, 
emphasizing the need for pharmacogenetic-guided 
therapy.  
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Table 2: Comparison of Studies on Genes Affecting Tamoxifen Metabolism 

No. Genes design n Population Key Findings Note 
Year 

(Referenc
e No) 

1 CYP2D6 cohort 
study 766 Korean The clinical utility of CYP2D6 polymorphism in 

predicting tamoxifen outcomes is still unclear 

CYP2D6*10 is the most common variant 
allele, and CYP2D6*4 has a rare incidence 
in this study similar to previous studies in 

the Asian population 

2011[41] 

2 CYP2D6 cohort 
study 608 

White 
Northern 
Europea

n e 

Identified genetic variants in CYP2D6 and other 
genes(TCF20, WBP2NL)strongly associated with 

endoxifen concentration and clinical outcomes such 
as relapse-free survival 

Results highlight the importance of non-
CYP2D6 genes in tamoxifen metabolism 

and efficacy 
2024[20] 

3 

CYP2D6,
CYP2C9,
CYP2C8,
CYP2C19
,CYP3A4 

Retrospect
ive 

secondary 
analysis 

 
 
 
 

302 

United 
States 

populatio
n, the 

majority 
of them 
caucasia

n 

The variability in endoxifen concentration is not 
solely dependent on the CYP2D6 genotype Other 
enzymes, such as CYP2C9, May also influence 
endoxifen concentration, along with factors like 

weight and season. However, CYP2D6 has the most 
significant impact on endoxifen concentration, even 

so, its effect is not exclusive. 

The finding emphasizes the need for 
integrating genetic and clinical factors into 
personalized tamoxifen dosing strategies 

2017[42] 

4 

 

CYP2D6
*4 , 

CYP2D6
*10 , 

CYP3A5
*3 and 

CYP2C1
9*2 

case-
control 
study 

110 
case
,100 

cont
rol 

Indian 

CYP2D6 polymorphism (*4and*10) significantly 
impacts metabolism and is associated with breast 

cancer risk, CYP3A5*3 polymorphism has no 
significant effect, CYP2C19*2 polymorphism 

moderately affects tamoxifen metabolism 

 2017[43] 

5 

CYP2D6,
CYP3A4,
CYP3A5,
CYP2C9,
CYP2C1
9,CYP2B

6 

Observatio
n study 229 Black south 

African 

among Black African patients with breast cancer 
CYP2D6 polymorphisms, the variants CYP2D6*17 
and CYP2D6*29 were mostly found and associated 

with a significant reduction of tamoxifen metabolism. 
- No significant effect of polymorphisms in 

CYP3A4, CYP3A5, CYP2C9,CYP2C19, and 
CYP2B6 on tamoxifen metabolism. 

The study highlights the need for further 
controlled research on dose 

adjustments for individuals with certain 
genetic variants 

2023[44] 
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- Minimal risk of drug-drug interactions with 
efavirenz-based antiretroviral therapy. 

- Dose escalation for patients with reduced-function 
CYP2D6 alleles may improve outcomes. 

 

6 

CYP2D6 
and 

HOXB13
/IL17BR 

Cohort 
study 160 United state 

population 

combination of inherited 
(CYP2D6) and tumor (HOXB13/IL17BR) genetic 

variation influences the risk of breast cancer 
recurrence and death. Patients with both risk factors 
decreased CYP2D6 metabolism(presence of one or 

two CYP2D6 *4 alleles) and high HOXB13/IL17BR 
genes ratio, had significantly shorter disease-free 

survival and tamoxifen resistance. 

 2008[45] 

7 CYP2D6 

Multicente
r 

prospectiv
e study 

119 
African 

American 
patients 

The study demonstrated that increasing the tamoxifen 
dose from 20mg to 40mg per day significantly 

improved endoxifen levels in patients with 
intermediate or poor metabolizer genotypes, this 
supports the use of personalized dosing based on 

genotype. 

The study highlights that African American 
patients had a higher prevalence of reduced 

function CYP2D6 alleles particularly 
*10,*17 suggesting that African American 
may benefit from higher tamoxifen doses. 

2011 [46] 

8 

CCYP2D
6,CYP3
A5,CYP
2C9,CYP

2C19 

Prospectiv
e cohort 

study 
165 Asian 

This study confirmed that polymorphism in 
CYP2D6(*5,*10) is the most prevalent allelic variant 
in Asians and is significantly associated with lower 

endoxifen levels, indicating their impact on 
tamoxifen metabolism and therapeutic efficacy. 

Polymorphism inCYP3A4, CYP2C9, and 
CYP2C19 did not significantly affect 

tamoxifen metabolism 
2011[47] 

9 
 

CYP2D6 

Randomize
d clinical 

trial 

486
1 global 

- No significant association was found between 
CYP2D6 phenotypes and breast cancer-free 

intervals(BCFI), indicating no impact on tamoxifen's 
efficacy in preventing recurrence. 

- PM and IM phenotypes showed increased risk of 
tamoxifen-induced hot flushes 

 

- The study concluded that CYP2D6 
genotyping does not justify withholding 

tamoxifen or switching 
to aromatase inhibitors. 

- The presence or absence of hot flushes 
should not guide decisions on tamoxifen 

treatment. This finding is in contrast to the 
hypothesis that lower endoxifen levels are 

manifest by fewer or less severe tamoxifen-
induced hot flushes 

 

2012[48] 

10 
CYP2D6 
(*4, *5, 

*10, *41), 
Cohort 
study 486 European 

descent, 

CYP2D6 impaired metabolism (*4, *5, *10, *41) is 
associated with worse outcomes (e.g., shorter 

relapse-free time). 
 2007[49] 
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CYP2C19 
(*2, *3, 
*17), 

CYPA5,C
YPB6,CY

P2C9 

- CYP2C19 *17 associated with better outcomes 
(e.g., reduced risk of 

recurrence). 
- No significant associations for other genes like 

CYP3A5, CYP2B6, 
CYP2C9. 

11 

CYP2D6 
(CYP2D6

*10, 
CYP2D6*

4, 
CYP2D6*

5) 

case-
control 
study 

39 Thai 

- CYP2D6*10 homozygous variant (T/T) was 
associated 

with shorter disease-free survival (DFS). 
- CYP2D6*4 and CYP2D6*5 were rare or not 

detected in 
this population. 

- CYP2D6*10 allele is highly prevalent in Asian 
populations, affecting tamoxifen metabolism and 

efficacy 

 2012[50] 

12 CYP2D6 
Retrospecti

ve 
observatio
nal study 

24 

Sinhalese 
patients from 
Sri Lanka. | 

| 

The CYP2D6*41 allele combination (2988G>A, -
1584C, and 2850C>T 

SNPs) showed a significant association with fatty 
liver (P=0.029). 

Postmenopausal women were more likely to 
experience adverse effects (e.g., hot 

flashes, ALTelevation) compared to premenopausal 
women (P=0.041). 

 
 

No significant correlation was found 
between CYP2D6 polymorphisms and 

breast cancer recurrence 
Intermediate metabolizers (IM) with reduced 

CYP2D6 activity had lower endoxifen 

levels, which may 

increase the risk of fatty liver 
Patients with fatty liver had significantly 

lower tamoxifen metabolite 

levels due to reduced CYP2D6 

activity 

 

2017[51] 

13 

CYP2D6, 
CYP2C19

, 
UGT2B1

5, 
ABCG2 

Cohort 
study 

595
9 

Danish 
women 

There is weak evidence that phase 1 metabolism may 
influence recurrence. No 

significant impact from individual genetic variants 
was observed 

The findings support current guidelines 
recommending against genotype-guided 

prescribing of tamoxifen 

Phase 1 metabolism has slight clinical 
importance for tamoxifen response, but 

analyzing specific genetic variants has no 
clinical utility 

No significant risk of recurrence was 
observed in carriers of the CYP2D6 variant 

2020[52] 
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14 

 
 
 

CYP2D6 

Cross-
sectional 

observatio
nal study 

40 Zimbabwean 

The study identified high frequencies of CYP2D6*17 
(15%) and CYP2D6*29 (18%), 

which are unique to African populations and 
associated with reduced enzyme activity, These 

genetic variants significantly impacted the plasma 
levels of endoxifen. 

55% of patients had endoxifen concentrations below 
the therapeutic threshold 

(5.97 ng/mL), which could lead to reduced tamoxifen 
efficacy, This means that some of these patients may 

not fully benefit from this dose and may end up 
experiencing recurrence 

 

The study emphasizes the need for dose 
adjustments for intermediate metabolizers 

or alternative therapies, such as aromatase 
inhibitors, to improve clinical outcomes 

Based on self-reported adherence, 76.6% of 
patients were adherent. However, 

biochemical assessments showed that only 
67.5% were high adherers. 

2023[53] 

15 CYP2D6 
prospectiv

e 
multicente

r study 

667 
Netherlands 
and Belgium 

No significant association was found between 
endoxifen concentrations 

or CYP2D6 genotypes and relapse-free survival. 
- The threshold of 5.9 ng/mL for endoxifen 

concentration, as identified in 
this study was found to be below the optimal 

therapeutic level required for 
tamoxifen to achieve its full anticancer effect. This 

suboptimal threshold 
may have contributed to the lack of significant 

impact on clinical 
outcomes, such as relapse-free survival 

No additional toxicity was reported from 
increased endoxifen concentrations 

due to dose escalation; however, the study 
did not directly test adverse 

effects 

2019[54] 

16 CYP2D6 
Cross-

sectional 
analytical 

study 

71 
Mexican 
mestizo 
women 

Hot flashes (57.75%), arthralgia (45.07%), headache 
(43.66%), and 

cramps (39.44%) were the most frequent side effects. 
- No significant association between CYP2D6 

genotypes or phenotypes 
and tamoxifen side effects. 

- Chemotherapy before tamoxifen treatment and 
contraceptive use during 

reproductive age were significant predictors of side 
effects. Contraceptive use during reproductive age in 

the present results was identified as a protective 
factor against HF development. 

A high prevalence of side effects was 
reported (90.14% of participants 

experienced at least one). Severe side effects 
were rare (e.g., 4.23% for 

hot flashes). 
Two alleles, CYP2D6*34 (13.2%) and 

CYP2D6*39 (14.7%), were 
identified at unusually high frequencies 

compared to other populations. 

2019[55] 
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17 

CYP2D6, 
ABCC2, 
ABCB1, 
ABCG2 

Retrospecti
ve study 

28
2 

Japanese 
women 

- CYP2D6 polymorphisms significantly reduce 
recurrence-free survival 

and plasma levels of active tamoxifen metabolites 
(e.g., endoxifen). 

- ABCC2 rs3740065 SNP is linked to shorter 
recurrence-free survival, 

likely affecting local drug exposure at tumor sites. 
- Combined risk alleles (CYP2D6 + ABCC2) 

dramatically worsen 
outcomes (e.g., 45.25-fold increased risk with 4 risk 

alleles). 

CYP2D6 variants are significantly 
associated with lower endoxifen and 
4-hydroxytamoxifen plasma levels. 

- No significant plasma concentration 
differences by ABCC2 genotypes 

[56] 

18 

CYP2D6 
(*4 and 

*6 alleles) 
- 

CYP3A5 
(*3 allele) 

Retrospecti
ve 

pharmacoge
netic 

analysis 

25
6 

Predominant
ly white 

CYP2D6*4/*4 genotype associated with worse 
relapse-free time and 

disease-free survival indicating a higher risk of 
relapse, but no significant difference in overall 

survival and hot flashes. 
Women with CYP2D6*4/*4 reported fewer hot 

flashes. 

CYP3A5*3 polymorphism showed no 
association with clinical outcomes or hot 

flashes severity. 
2005[24] 

19 
CYP2D6 

and 
CYP3A4 

Retrospecti
ve analysis 

of the 
CYPTAM 
study data 

(2008-
2010). 

66
8 

Netherlands 
and 

Belgium 

- Older patients had higher concentrations of 
tamoxifen and endoxifen. 

- Age and genetic polymorphisms explained 
variability but did not impact survival outcomes. 

 

- CYP2D6 poor metabolizers had lower 
endoxifen levels. 

- No evidence to support tamoxifen dose 
adjustments based on age or therapeutic drug 

monitoring 
(TDM). 

2023[57] 

20 
CYP2D6,
CYP2C19
,CYP3A4 

Prospective 
observation

al multi-
center trial 

29
7 

Belgium and 
Switzerland 

No significant relationship between endoxifen levels 
and tamoxifen efficacy (progression-free survival) 
Endoxifen monitoring and tamoxifen activity score 

are not clinically valuable for guiding tamoxifen 
treatment. 

 2018[58] 
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Tamoxifen Transporter: 
          Tamoxifen efficacy depends on both metabolic 
activations, producing potent metabolites such as 
endoxifen, and intracellular transport mechanisms. 
Membrane transporters, particularly efflux and 
uptake transporters, are integral in modulating 
tamoxifen and its metabolites' intracellular and 
systemic concentrations, thereby affecting 
therapeutic outcomes and adverse effects[56]. Key 
efflux transporters implicated in tamoxifen 
pharmacokinetics include ABCB1 (P-glycoprotein), 
ABCC2 (MRP2), and ABCG2(BCRP)transporters. 
These transporters actively expel drugs and 
metabolites from cells, limiting intracellular 
accumulation and potentially influencing therapeutic 
efficacy. Conversely, uptake transporters such as 
SLCO1B1 and SLCO2B1 mediate drug entry into 
cells, playing an equally critical role[59]. The human 
ABC genes super family includes 48 functional 
transporters categorized into seven subfamilies. 
Importantly, research over the past decade has 
implicated a multitude of genetic variations in ABC 
transporter genes in differences in response and 
toxicity of breast cancer treatment, of which ABCB1 
(encoding MDR1 also known as P-gp), ABCC1 
(encodingMRP1) and ABCG2 (encoding BCRP) are 
most extensively studied[60]. Genetic 
polymorphisms in transporter genes, particularly 
ABCB1, ABCC2, and ABCG2, have been linked to 
significant interindividual variability in tamoxifen 
pharmacokinetics, treatment response, and toxicity 
profiles. For instance, specific single nucleotide 
polymorphisms (SNPs) in the ABCB1 gene have 
been associated with altered tamoxifen disposition 
and treatment outcomes. Similarly, ABCC2 gene 
variations may impact tamoxifen metabolite 
clearance and tissue distribution, influencing drug 
efficacy and resistance. Emerging evidence also 
highlights the role of ABCG2 transporters, 
particularly in modulating the intracellular transport 
of tamoxifen metabolites, though their precise 
contribution requires further investigation [61].  
          In contrast to the drug-metabolizing enzymes, 
studies on the potential impact of ABC transporters 
and breast cancer outcomes remain scarce [62]. The 
predominant polymorphisms (SNPs) in ATP-binding 
cassette (ABC) transporters vary significantly across 
different populations. For ABCB1 (MDR1), the 

rs2032582 (A893S/T) polymorphism shows that the 
reference allele G is predominant globally (55%), 
while the T allele is highly prevalent in Asian 
populations (41.4%) but much rarer in Europeans 
and Africans. Similarly, rs1045642 (C3435T), a 
silent polymorphism, is common worldwide, with a 
frequency of 50–55% in both Europeans and Asians. 
In ABCC1 (MRP1), rs45511401 (G671V) is notable 
for its prevalence in Europeans (5.6%) but is 
extremely rare in Asians (<0.1%). For ABCG2 
(BCRP), the rs2231142 (Q141K) variant is 
particularly frequent in Asians (35%), less so in 
Europeans (~12%), and rarer in Africans; this SNP 
reduces transporter activity and has clinical 
relevance in conditions like hyperuricemia. These 
population-based differences emphasize the critical 
role of ethnic variability in understanding the 
pharmacogenetics of ABC transporters, particularly 
in predicting drug resistance, toxicity, and 
therapeutic outcomes in diverse patient groups [59]. 
The comprehensive review published in 
2020provides an in-depth evaluation of the effect of 
variants in ATP-binding cassette (ABC) transporters 
on breast cancer treatment and concludes that the role 
of ATP-binding cassette (ABC) transporters in 
tamoxifen therapy for breast cancer is limited. 
Specifically, ABCB1 variants such as rs1045642 
(I1145I) have shown inconsistent associations with 
tamoxifen efficacy and toxicity. While tamoxifen 
metabolites, including endoxifen and 4-
hydroxytamoxifen, are substrates of ABCB1, the 
evidence remains inconclusive regarding their 
impact on clinical outcomes. Furthermore, an 
intronic variant in ABCC2 (rs3740065) has been 
linked to reduced recurrence-free survival in patients 
receiving tamoxifen monotherapy; however, this 
finding lacks strong replication and mechanistic 
support. Overall, the influence of ABC transporter 
variants on tamoxifen efficacy is minimal and not yet 
clinically actionable. [61]. This section reviews the 
updated role of transporter polymorphisms in 
tamoxifen pharmacokinetics and 
pharmacodynamics, supported by a comparative 
analysis of global studies on their clinical 
implications. 
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Table 3:The Impact Of ABC Transporters Polymorphism On Tamoxifen Outcomes In Breast Cancer 
Patients Across Different Populations 

NO Genes design n Population Key Findings Note 
Year 

(Reference
No) 

1 
ABCB1 

ABCC2 
Retrospective 
cohort study 73 Thai 

Polymorphisms of ABCC2(-
24CC): Associated with 
increased risk of distant 

metastasis and shorter DFS. 

- polymorphisms in (ABCC2-
24CC3435CT/TT + ABCB1 

Increased risk of distant 
metastasis and bone metastasis 

The study suggests the 
pharmacogenetic 

testing utility 
2016[62] 

2 ABCC2 Retrospectiv
e study 

282 Japanese 

ABCC2 rs3740065 SNP is 
linked to shorter recurrence-free 

survival, 

likely affecting local drug 
exposure at tumor sites. 

- Combined risk alleles 
(CYP2D6 + ABCC2) 

dramatically worsen outcomes 
(e.g., 45.25-fold increased risk 

with 4 risk alleles). 

The study highlights 
the importance of 
genetic testing to 

predict response to 
tamoxifen therapy 

2010[63] 

3 ABCB1 Observational 
study 81 Ethiopian 

The ABCB1 c.4036A>G variant 
has a moderate impact on 

tamoxifen metabolites, 
particularly endoxifen, and 

enhances the predictive ability 
of CYP2D6 for interindividual 

variability 

 

ABCB1 c.3435C>T 
Variant: 

- No significant 
association was found 
with tamoxifen or its 

metabolite levels. 

The study highlights 
the need for therapeutic 

drug monitoring 
(TDM) and genotype-

based tamoxifen dosing 
in Ethiopian 
populations. 

2019 [64] 

4 ABCB1 Retrospective 
cohort study 258 European 

populations 

ABCB1 polymorphism 
rs1045642:statistically 

significant effect on Time to 
event in premenopausal patients 

only, associated with the 
development of gynecological 
and vasomotor adverse events. 

In contrast, the rs2032582 
polymorphism did not show a 

clear effect on clinical 
outcomes, although there was a 

trend toward longer time to 
event in variant allele carriers, 
particularly in postmenopausal 

patients. 

 2017[65] 
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Table 4: Comparison of Global Clinical Guidelines for Tamoxifen Use 

Organization Target 
Population Duration 

Genetic 
Testing 

(CYP2D6) 
Main Challenges Special 

Considerations References 

NCCN (National 
Comprehensive 

Cancer Network) 

ER+/PR+ 
breast 
cancer 

(pre/post-
menopause) 

5-10 years Optional 

High cost, lack of 
insurance 

coverage in some 
countries 

Avoid during 
pregnancy, 

monitor 
thrombosis risks 

[66] 

ASCO (American 
Society of Clinical 

Oncology] 

Early-stage 
breast 
cancer 

(ER+/PR+) 

5+ years 

Not 
routinely 

recommend
ed 

Insufficient 
clinical evidence, 

difficulty 
interpreting test 

results 

Assess 
thrombosis risks [67] 

ESMO (European 
Society for Medical 

Oncology) 

ER+/PR+ 
breast 

cancer (pre-
menopause) 

5-10 years Neutral 

Limited evidence 
on long-term 

survival benefits, 
complexity in 
daily clinical 

practice 

Monitor fatty 
liver and uterine 

effects 
[68] 

 
Critical Analysis of Genetic Variants and Their 
Impact on Tamoxifen Efficacy: Contradictions 
and Challenges in Current Literature: 
          While several studies have explored the impact 
of CYP2D6 polymorphisms on tamoxifen 
metabolism, their findings present conflicting 
conclusions, highlighting the need for a more 
nuanced understanding of genetic influences on 
treatment outcomes. For instance, the 2011 cohort 
study in Korea reported that the CYP2D610 allele 
was the most common variant in the Asian 
population and significantly affected tamoxifen 
metabolism[40] .However, a more recent cohort 
study in Denmark found minimal impact from 
CYP2D6 genotyping on breast cancer-free intervals 
(BCFI), suggesting that genetic variants in CYP2D6 
have limited clinical utility in predicting tamoxifen 
efficacy[51]. This discrepancy raises questions about 
the overall relevance of CYP2D6 genotyping in 
clinical practice, as some studies, such as the 2017 
retrospective secondary analysis in the United States, 
emphasized the importance of integrating other 
genetic variants, such as those in CYP2C9, in 
determining tamoxifen metabolism [37]. 
Furthermore, the 2023 study in Black South African 
patients noted that variants like CYP2D617 and *29 
were linked to reduced enzyme activity, 
underscoring the necessity of considering 

population-specific genetic variations when 
assessing genotyping strategies[38]. Despite these 
findings, studies such as the 2012 randomized 
clinical trial did not establish a significant association 
between CYP2D6 phenotypes and recurrence-free 
survival, suggesting that CYP2D6 alone may not be 
sufficient to guide treatment decisions [47]. The lack 
of consistent evidence on the clinical impact of 
CYP2D6 genotyping calls for further research to 
better understand the complexities of tamoxifen 
metabolism and the potential roles of other genetic 
factors, as indicated in the 2017 cohort study in Asia, 
which found that polymorphisms in other genes, such 
as CYP3A4 and CYP2C19, also contribute to 
variability in tamoxifen response [46]. These 
discrepancies underscore the challenges in 
establishing universal guidelines for CYP2D6 
genotyping in tamoxifen therapy and suggest that 
personalized treatment approaches should consider a 
broader range of genetic markers. 
Divergence in global guide lines on tamoxifen and 
the need for pharmacogenetic testing 
 Despite its effectiveness, variability in patient 
response has led to the consideration of 
pharmacogenetic testing, particularly CYP2D6 
genotyping, to optimize treatment outcomes. 
However, global clinical guidelines differ 
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significantly in their recommendations regarding the 
duration of Tamoxifen therapy and the necessity of 
pharmacogenetic testing. The following table 
summarizes the comparison between different global 
guidelines on the use of Tamoxifen, highlighting 
variations in treatment duration, and the necessity of 
pharmacogenetic testing. 
Clinical implications of tamoxifen 
pharmacogenomics findings 
The clinical implications of pharmacogenomics in 
tamoxifen therapy have been the subject of much 
research, particularly due to the variability in clinical 
response observed in breast cancer patients[27]. 
Tamoxifen, a cornerstone in the treatment of 
estrogen receptor-positive breast cancer, has shown 
considerable effectiveness over the past four 
decades[69]. However, predicting the efficacy of 
tamoxifen remains a significant challenge, and this 
variability can be largely attributed to genetic factors 
influencing its metabolism. Early studies suggested 
that genotyping for CYP2D6 polymorphisms could 
help predict tamoxifen response, as poor 
metabolizers were expected to experience 
suboptimal levels of endoxifen, thereby reducing 
therapeutic effectiveness[70][71]. While this 
approach initially seemed promising, it has become  
evident that CYP2D6 genotyping alone cannot fully 
account for the variability in tamoxifen efficacy. This 
is because CYP2D6 polymorphisms explain only a 
portion of the variability in endoxifen levels, and 
other genetic and non-genetic factors also contribute 
to the drug's effectiveness[70]. 
Another approach that has been explored is 
therapeutic drug monitoring (TDM) of endoxifen 
concentrations. The concept of individualized dosing 
based on measured endoxifen levels is attractive, as 
it offers the potential to optimize treatment by 
ensuring patients achieve therapeutic concentrations. 
However, despite its theoretical appeal, the lack of 
consensus on what constitutes a "therapeutic" 
ndoxifen concentration has hindered the widespread 
adoption of TDM[72]. In addition, while endoxifen 
is considered the most active metabolite, other 
metabolites, such as 4-hydroxy-tamoxifen, also 
contribute to tamoxifen's anti-estrogenic effects. This 
adds further complexity to using serum endoxifen 
levels as the sole predictor of treatment success[73]. 

The role of non-genetic factors in tamoxifen 
metabolism should not be underestimated. Variables 
such as age, body mass index, comorbidities, and 
concurrent medications can all influence tamoxifen 
pharmacokinetics and pharmacodynamics[74] . 
Therefore, pharmacogenetic models that solely focus 
on genetic determinants, like CYP2D6, may be 
insufficient for predicting tamoxifen response. A 
more comprehensive approach, integrating both 
genetic factors (such as the roles of other enzymes 
like CYP3A4, CYP2C9, and CYP1A2) and non-
genetic factors, could provide a more accurate 
prediction of treatment outcomes. Such models 
would need to consider the individual patient’s 
genetic makeup, lifestyle, and clinical context to 
optimize tamoxifen therapy[75][41]. 
Furthermore, there is growing interest in the potential 
of new tamoxifen-related compounds, such as z-
endoxifen hydrochloride, especially in the metastatic 
setting. While this alternative may hold promise, 
more research is needed to determine its clinical 
utility compared to traditional tamoxifen[76]. 
Despite the challenges in personalizing tamoxifen 
therapy, these ongoing studies highlight the evolving 
landscape of pharmacogenetic research in oncology, 
aiming to refine treatment strategies and ultimately 
improve patient outcomes. Therefore, while the use 
of pharmacogenetics to predict tamoxifen efficacy is 
still in its developmental stages, it is clear that a 
multifaceted approach, combining genetic, clinical, 
and environmental factors, holds the key to more 
individualized and effective breast cancer treatment. 
Conclusion  
The pharmacogenomics of tamoxifen in breast 
cancer treatment emphasizes the crucial role of 
genetic variability in determining therapeutic 
outcomes. As a cornerstone therapy for estrogen 
receptor-positive (ER+) breast cancer, tamoxifen's 
efficacy and toxicity are significantly influenced by 
polymorphisms in genes responsible for its 
metabolism and transport. CYP2D6 is the key 
enzyme, with variants such as *10 in Asian 
populations and *17/*29 in African populations 
significantly altering endoxifen levels and clinical 
outcomes. However, the impact is not limited to 
CYP2D6 alone, as secondary enzymes like CYP3A4, 
CYP2C9, and CYP2C19, along with transporters 
such as ABCB1 and ABCC2, contribute to the 
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complexity of tamoxifen's pharmacokinetics. 
Therefore, a comprehensive understanding of its 
metabolic pathway is essential.Ethnic disparities in 
allele frequencies and metabolic phenotypes 
highlight the need for population-specific 
pharmacogenetic guidelines. However, current 
barriers, such as inconsistent clinical 
recommendations, limited access to genetic testing, 
and underrepresentation of certain ethnic groups in 
research, hinder the implementation of 
pharmacogenomic insights into personalized care. 
To overcome these challenges, large-scale, 
multiethnic studies are essential to develop 
universally applicable yet adaptable guidelines, 
along with cost-effective strategies to expand genetic 
testing in resource-limited settings.Future research 
should focus on integrating multi-omics approaches 
(genomic, transcriptomic, proteomic) to explore 
gene-environment interactions and epigenetic factors 
influencing tamoxifen response. Collaboration 
between clinicians, pharmacologists, and 
policymakers is crucial to advancing precision 
medicine and ensuring equitable access to 
personalized therapies. By bridging the gap between 
pharmacogenetic research and clinical practice, 
personalized tamoxifen regimens can optimize 
survival outcomes, reduce adverse effects, and 
address global disparities in breast cancer care. 
Ultimately, the promise of precision medicine lies in 
its ability to translate genetic insights into actionable 
strategies, empowering ER+ breast cancer patients to 
achieve the full therapeutic potential of tamoxifen. 
Conflict of interest 
The authors declare no conflict of interest. 
References 
1. Duff GW. Evidence for genetic variation as a factor 

in maintaining health. Am J Clin Nutr. 2006 
Feb;83(2):431S-435S. 
https://doi.org/10.1093/ajcn/83.2.431s 

2. Radouani F, Zass L, Hamdi Y, Rocha JD, Sallam R, 
Abdelhak S, Ahmed S, Azzouzi M, Benamri I, 
Benkahla A, Bouhaouala-Zahar B, Chaouch M, Jmel 
H, Kefi R, Ksouri A, Kumuthini J, Masilela P, 
Masimirembwa C, Othman H, Panji S, Romdhane L, 
Samtal C, Sibira R, Ghedira K, Fadlelmola F, 
Kassim SK, Mulder N. A review of clinical 
pharmacogenetics Studies in African populations. 
Per Med. 2020 Mar;17(2):155-170. doi: 

10.2217/pme-2019-0110. Epub 2020 Mar 3. PMID: 
32125935; PMCID: PMC8093600. 
https://doi.org/10.2217/pme-2019-0110.  

3. Li M, Mindt S, Lück A, Hutzschenreuter U, 
Kollendt M, Lathan B, et al. Drug monitoring 
detects under- and overdosing in patients receiving 
5-fluorouracil-containing chemotherapy—results of 
a prospective, multicenter German observational 
study. ESMO Open. 2023 Apr;8(2):101201. 
https://doi.org/10.1016/j.esmoop.2023.101201  

4. Aboul-Soud MAM, Alzahrani AJ, Mahmoud A. 
Decoding variants in drug-metabolizing enzymes 
and transporters in solid tumor patients by whole-
exome sequencing. Saudi J Biol Sci. 2021 
Jan;28(1):628–34. 
https://doi.org/10.1016/j.sjbs.2020.10.052  

5. Franczyk B, Rysz J, Gluba-Brzózka A. 
Pharmacogenetics of Drugs Used in the Treatment 
of Cancers. Genes. 2022 Feb 7;13(2):311. 
https://doi.org/10.3390/genes13020311 

6. Azubuike SO, Muirhead C, Hayes L, McNally R. 
Rising global burden of breast cancer: the case of 
sub-Saharan Africa (with emphasis on Nigeria) and 
implications for regional development: a review. 
World J Surg Oncol. 2018 Dec;16(1):63. 
https://doi.org/10.1186/s12957-018-1345-2 

7. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre 
LA, Jemal A. Global cancer statistics 2018: 
GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2018 Nov;68(6):394–424. 
https://doi.org/10.3322/caac.21492.  

8. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer 
statistics, 2023. CA Cancer J Clin. 2023 
Jan;73(1):17–48. 
https://doi.org/10.3322/caac.21763  

9. Ghoncheh M, Pournamdar Z, Salehiniya H. 
Incidence and Mortality and Epidemiology of Breast 
Cancer in the World. Asian Pac J Cancer Prev. 2016 
Jun 1;17(sup3):43–6. 
https://doi.org/10.7314/apjcp.2016.17.s3.43  

10. Deenen MJ, Cats A, Beijnen JH, Schellens JHM. 
Part 2: Pharmacogenetic Variability in Drug 
Transport and Phase I Anticancer Drug Metabolism. 
The Oncologist. 2011 Jun 1;16(6):820–34. 
https://doi.org/10.1634/theoncologist.2010-0259 

11. Miteva-Marcheva NN, Ivanov HY, Dimitrov DK, 
Stoyanova VK. Application of pharmacogenetics in 

https://doi.org/10.1093/ajcn/83.2.431s
https://doi.org/10.2217/pme-2019-0110
https://doi.org/10.1016/j.esmoop.2023.101201
https://doi.org/10.1016/j.sjbs.2020.10.052
https://doi.org/10.3390/genes13020311
https://doi.org/10.1186/s12957-018-1345-2
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21763
https://doi.org/10.7314/apjcp.2016.17.s3.43
https://doi.org/10.1634/theoncologist.2010-0259


STJ, 2024,1,90-109                                                                                105 

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2024.1.9                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

oncology. Biomark Res. 2020 Dec;8(1):32. 
https://doi.org/10.1186/s40364-020-00213-4 

12. Tanaka M, Okazaki T, Suzuki H, Abbruzzese JL, Li 
D. Association of multi‐drug resistance gene 
polymorphisms with pancreatic cancer outcome. 
Cancer. 2011 Feb 15;117(4):744–51. 
https://doi.org/10.1002/cncr.25510  

13. Ahmed S, Zhou Z, Zhou J, Chen SQ. 
Pharmacogenomics of Drug Metabolizing Enzymes 
and Transporters: Relevance to Precision Medicine. 
Genomics Proteomics Bioinformatics. 2016 Oct 
1;14(5):298–313. 
https://doi.org/10.1016/j.gpb.2018.04.001.  

14. Westbrook K, Stearns V. Pharmacogenomics of 
breast cancer therapy: An update. Pharmacol Ther. 
2013 Jul;139(1):1–11. 
https://doi.org/10.1016/j.pharmthera.2013.03.001  

15. Mukerjee G, Huston A, Kabakchiev B, Piquette-
Miller M, Van Schaik R, Dorfman R. User 
considerations in assessing pharmacogenomic tests 
and their clinical support tools. Npj Genomic Med. 
2018 Sep 11;3(1):26. 
https://doi.org/10.1038/s41525-018-0065-4 

16. Jordan V. New insights into the metabolism of 
tamoxifen and its role in the treatment and 
prevention of breast cancer. Steroids. 2007 
Nov;72(13):829–42. 
https://doi.org/10.1016/j.steroids.2007.07.009 

17. Arnott J, Martinkovich S, Planey SL, Shah D. 
Selective estrogen receptor modulators: tissue 
specificity and clinical utility. Clin Interv Aging. 
2014 Aug;1437. 
https://doi.org/10.2147/cia.s66690 

18. Aromatase inhibitors versus tamoxifen in early 
breast cancer: patient-level meta-analysis of the 
randomised trials. The Lancet. 2015 
Oct;386(10001):1341–52. 
https://doi.org/10.1016/s0140-6736(15)61074-1 

19. Ferraldeschi R, Newman WG. The Impact of 
CYP2D6 Genotyping on Tamoxifen Treatment. 
Pharmaceuticals. 2010 Apr 15;3(4):1122–38. 
https://doi.org/10.3390/ph3041122.  

20. ordan VC. Tamoxifen (ICI46,474) as a targeted 
therapy to treat and prevent breast cancer. Br J 
Pharmacol [Internet]. 2006 Jan [cited 2024 Dec 
9];147(S1). Available from: 
https://bpspubs.onlinelibrary.wiley.com/doi/10.1038
/sj.bjp.0706399 
https://doi.org/10.1038/sj.bjp.0706399 

21. Goetz MP, Rae JM, Suman VJ, Safgren SL, Ames 
MM, Visscher DW, et al. Pharmacogenetics of 
Tamoxifen Biotransformation Is Associated With 
Clinical Outcomes of Efficacy and Hot Flashes. J 
Clin Oncol. 2005 Dec 20;23(36):9312–8. 
https://doi.org/10.1200/jco.2005.03.3266 

22. De Souza JA, Olopade OI. CYP2D6 Genotyping 
and Tamoxifen: An Unfinished Story in the Quest 
for Personalized Medicine. Semin Oncol. 2011 
Apr;38(2):263–73. 
https://doi.org/10.1053/j.seminoncol.2011.01.002.  

23. Hodges LM, Markova SM, Chinn LW, Gow JM, 
Kroetz DL, Klein TE, et al. Very important 
pharmacogene summary. Pharmacogenet Genomics. 
2011 Mar;21(3):152–61. 
https://doi.org/10.1097/fpc.0b013e3283385a1c  

24. Brauch H, Schroth W, Eichelbaum M, Schwab M, 
Harbeck N. Clinical Relevance of CYP2D6 Genetics 
for Tamoxifen Response in Breast Cancer. Breast 
Care. 2008;3(1):43–50. 
https://doi.org/10.1159/000114642  

25. Luzum JA, Petry N, Taylor AK, Van Driest SL, 
Dunnenberger HM, Cavallari LH. Moving 
Pharmacogenetics Into Practice: It’s All About the 
Evidence! Clin Pharmacol Ther. 2021 
Sep;110(3):649–61. 
https://doi.org/10.1002/cpt.2327 

26. Wang T, Zhou Y, Cao G. Pharmacogenetics of 
tamoxifen therapy in Asian populations: from 
genetic polymorphism to clinical outcomes. Eur J 
Clin Pharmacol. 2021 Aug;77(8):1095–111. 
https://doi.org/10.1007/s00228-021-03088-y.  

27.  Kruger B, Shamley D, Soko ND, Dandara C. 
Pharmacogenetics of tamoxifen in breast cancer 
patients of African descent: Lack of data. Clin 
Transl Sci. 2024 Mar;17(3):e13761. 
https://doi.org/10.1111/cts.13761  

28. Staehli Hodel EM, Csajka C, Ariey F, Guidi M, 
Kabanywanyi AM, Duong S, et al. Effect of Single 
Nucleotide Polymorphisms in Cytochrome P450 
Isoenzyme and N -Acetyltransferase 2 Genes on the 
Metabolism of Artemisinin-Based Combination 
Therapies in Malaria Patients from Cambodia and 
Tanzania. Antimicrob Agents Chemother. 2013 
Feb;57(2):950–8. 
https://doi.org/10.1128/aac.01700-12 

29. Brauch H, Mürdter TE, Eichelbaum M, Schwab M. 
Pharmacogenomics of Tamoxifen Therapy. Clin 
Chem. 2009 Oct 1;55(10):1770–82. 
https://doi.org/10.1373/clinchem.2008.121756 

https://doi.org/10.1186/s40364-020-00213-4
https://doi.org/10.1002/cncr.25510
https://doi.org/10.1016/j.gpb.2018.04.001
https://doi.org/10.1016/j.pharmthera.2013.03.001
https://doi.org/10.1038/s41525-018-0065-4
https://doi.org/10.1016/j.steroids.2007.07.009
https://doi.org/10.2147/cia.s66690
https://doi.org/10.1016/s0140-6736(15)61074-1
https://doi.org/10.3390/ph3041122
https://doi.org/10.1038/sj.bjp.0706399
https://doi.org/10.1200/jco.2005.03.3266
https://doi.org/10.1053/j.seminoncol.2011.01.002
https://doi.org/10.1097/fpc.0b013e3283385a1c
https://doi.org/10.1159/000114642
https://doi.org/10.1002/cpt.2327
https://doi.org/10.1007/s00228-021-03088-y
https://doi.org/10.1111/cts.13761
https://doi.org/10.1128/aac.01700-12
https://doi.org/10.1373/clinchem.2008.121756


STJ, 2024,1,90-109                                                                                106 

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2024.1.9                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

30. Klein DJ, Thorn CF, Desta Z, Flockhart DA, Altman 
RB, Klein TE. PharmGKB summary: tamoxifen 
pathway, pharmacokinetics. Pharmacogenet 
Genomics. 2013 Nov;23(11):643–7. 
https://doi.org/10.1097/fpc.0b013e3283656bc1 

31. Jerevall PL, Jansson A, Fornander T, Skoog L, 
Nordenskjöld B, Stål O. Predictive relevance of 
HOXB13 protein expression for tamoxifen benefit 
in breast cancer. Breast Cancer Res. 2010 Jul 
22;12(4):R53. 
https://doi.org/10.1186/bcr2612  

32. Miao J, Wang Z, Provencher H, Muir B, Dahiya S, 
Carney E, et al. HOXB13 promotes ovarian cancer 
progression. Proc Natl Acad Sci. 2007 Oct 
23;104(43):17093–8. 
https://doi.org/10.1073/pnas.0707938104 

33. Goetz MP, Suman VJ, Ingle JN, Nibbe AM, 
Visscher DW, Reynolds CA, et al. A Two-Gene 
Expression Ratio of Homeobox 13 and Interleukin-
17B Receptor for Prediction of Recurrence and 
Survival in Women Receiving Adjuvant Tamoxifen. 
Clin Cancer Res. 2006 Apr 1;12(7):2080–7. 
https://doi.org/10.1158/1078-0432.ccr-05-1263  

34. Mürdter TE, Schroth W, Bacchus-Gerybadze L, 
Winter S, Heinkele G, Simon W, et al. Activity 
Levels of Tamoxifen Metabolites at the Estrogen 
Receptor and the Impact of Genetic Polymorphisms 
of Phase I and II Enzymes on Their Concentration 
Levels in Plasma. Clin Pharmacol Ther. 2011 
May;89(5):708–17. 
https://doi.org/10.1038/clpt.2011.27 

35. Gjerde J, Hauglid M, Breilid H, Lundgren S, 
Varhaug JE, Kisanga ER, et al. Effects of CYP2D6 
and SULT1A1 genotypes including SULT1A1 gene 
copy number on tamoxifen metabolism. Ann Oncol. 
2008 Jan;19(1):56–61. 
https://doi.org/10.1093/annonc/mdm434 

36. Sistonen J, Fuselli S, Palo JU, Chauhan N, Padh H, 
Sajantila A. Pharmacogenetic variation at CYP2C9, 
CYP2C19, and CYP2D6 at global and 
microgeographic scales. Pharmacogenet Genomics. 
2009 Feb;19(2):170–9. 
https://doi.org/10.1097/fpc.0b013e32831ebb30 

37. A. Marcath L, Deal AM, Van Wieren E, Danko W, 
Walko CM, Ibrahim JG, et al. Comprehensive 
assessment of cytochromes P450 and transporter 
genetics with endoxifen concentration during 
tamoxifen treatment. Pharmacogenet Genomics. 
2017 Nov;27(11):402–9. 
https://doi.org/10.1097/fpc.0000000000000311  

38. Chiwambutsa SM, Ayeni O, Kapungu N, Kanji C, 
Thelingwani R, Chen WC, et al. Effects of Genetic 
Polymorphisms of Drug Metabolizing Enzymes and 
co‐Medications on Tamoxifen Metabolism in Black 
South African Women with Breast Cancer. Clin 
Pharmacol Ther. 2023 Jul;114(1):127–36. 
https://doi.org/10.1002/cpt.2904  

39. Mbavha BT, Thelingwani RS, Chikwambi Z, 
Nyakabau AM, Masimirembwa C, and the 
Consortium for Genomics and Therapeutics in 
Africa. Pharmacogenetics and pharmacokinetics of 
tamoxifen in a Zimbabwean breast cancer cohort. Br 
J Clin Pharmacol. 2023 Oct;89(10):3209–16. 
https://doi.org/10.22541/au.168081129.93760392/v1  

40. Park HS, Choi JY, Lee MJ, Park S, Yeo CW, Lee 
SS, et al. Association between Genetic 
Polymorphisms of CYP2D6 and Outcomes in Breast 
Cancer Patients with Tamoxifen Treatment. J 
Korean Med Sci. 2011;26(8):1007. 
https://doi.org/10.3346/jkms.2011.26.8.1007  

41. A. Marcath L, Deal AM, Van Wieren E, Danko W, 
Walko CM, Ibrahim JG, et al. Comprehensive 
assessment of cytochromes P450 and transporter 
genetics with endoxifen concentration during 
tamoxifen treatment. Pharmacogenet Genomics. 
2017 Nov;27(11):402–9. 
https://doi.org/10.1097/fpc.0000000000000311 

42. Thota K, Prasad K, Basaveswara Rao MV. 
Detection of Cytochrome P450 Polymorphisms in 
Breast Cancer Patients May Impact on Tamoxifen 
Therapy. Asian Pac J Cancer Prev. 2018 Feb 
26;19(2):343-350. doi: 
10.22034/APJCP.2018.19.2.343. PMID: 29479969; 
PMCID: PMC5980918. 
https://doi.org/10.4172/1948-5956.1000557.  

43. Chiwambutsa SM, Ayeni O, Kapungu N, Kanji C, 
Thelingwani R, Chen WC, et al. Effects of Genetic 
Polymorphisms of Drug Metabolizing Enzymes and 
co‐Medications on Tamoxifen Metabolism in Black 
South African Women with Breast Cancer. Clin 
Pharmacol Ther. 2023 Jul;114(1):127–36. 
https://doi.org/10.1002/cpt.2904 

44. Goetz MP, Suman VJ, Couch FJ, Ames MM, Rae 
JM, Erlander MG, et al. Cytochrome P450 2D6 and 
Homeobox 13/Interleukin-17B Receptor: 
Combining Inherited and Tumor Gene Markers for 
Prediction of Tamoxifen Resistance. Clin Cancer 
Res. 2008 Sep 15;14(18):5864–8. 
https://doi.org/10.1158/1078-0432.ccr-08-0619 

https://doi.org/10.1097/fpc.0b013e3283656bc1
https://doi.org/10.1186/bcr2612
https://doi.org/10.1073/pnas.0707938104
https://doi.org/10.1158/1078-0432.ccr-05-1263
https://doi.org/10.1038/clpt.2011.27
https://doi.org/10.1093/annonc/mdm434
https://doi.org/10.1097/fpc.0b013e32831ebb30
https://doi.org/10.1097/fpc.0000000000000311
https://doi.org/10.1002/cpt.2904
https://doi.org/10.22541/au.168081129.93760392/v1
https://doi.org/10.3346/jkms.2011.26.8.1007
https://doi.org/10.1097/fpc.0000000000000311
https://doi.org/10.4172/1948-5956.1000557
https://doi.org/10.1002/cpt.2904
https://doi.org/10.1158/1078-0432.ccr-08-0619


STJ, 2024,1,90-109                                                                                107 

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2024.1.9                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

45. Irvin WJ, Walko CM, Weck KE, Ibrahim JG, Chiu 
WK, Dees EC, et al. Genotype-Guided Tamoxifen 
Dosing Increases Active Metabolite Exposure in 
Women With Reduced CYP2D6 Metabolism: A 
Multicenter Study. J Clin Oncol. 2011 Aug 
20;29(24):3232–9. 
https://doi.org/10.1200/jco.2010.31.4427  

46. Lim JSL, Chen XA, Singh O, Yap YS, Ng RCH, 
Wong NS, et al. Impact of CYP2D6 , CYP3A5 , 
CYP2C9 and CYP2C19 polymorphisms on 
tamoxifen pharmacokinetics in Asian breast cancer 
patients. Br J Clin Pharmacol. 2011 May;71(5):737–
50. 
https://doi.org/10.1111/j.1365-2125.2011.03905.x 

47.  Regan MM, Leyland-Jones B, Bouzyk M, Pagani 
O, Tang W, Kammler R, et al. CYP2D6 Genotype 
and Tamoxifen Response in Postmenopausal 
Women with Endocrine-Responsive Breast Cancer: 
The Breast International Group 1-98 Trial. JNCI J 
Natl Cancer Inst. 2012 Mar 21;104(6):441–51. 
https://doi.org/10.1093/jnci/djs125  

48. Schroth W, Antoniadou L, Fritz P, Schwab M, 
Muerdter T, Zanger UM, et al. Breast Cancer 
Treatment Outcome With Adjuvant Tamoxifen 
Relative to Patient CYP2D6 and CYP2C19 
Genotypes. J Clin Oncol. 2007 Nov 
20;25(33):5187–93. 
https://doi.org/10.1200/jco.2007.12.2705  

49. Sukasem C, Sirachainan E, Jaruhathai S, Trachu N, 
Panvichian R, Sirisinha T, et al. CYP2D6 
polymorphisms influence the efficacy of adjuvant 
tamoxifen in Thai breast cancer patients. 
Pharmacogenomics Pers Med. 2012 Oct;149. 
https://doi.org/10.2147/pgpm.s32160  

50. Wickramage I, Tennekoon KH, Ariyaratne MAY, 
Hewage S, Sundralingam T. CYP2D6 
polymorphisms may predict occurrence of adverse 
effects to tamoxifen: a preliminary retrospective 
study. Breast Cancer Targets Ther. 2017 
Mar;Volume 9:111–20. 
https://doi.org/10.2147/bctt.s126557  

51. Ahern TP, Collin LJ, Baurley JW, Kjærsgaard A, 
Nash R, Maliniak ML, et al. Metabolic Pathway 
Analysis and Effectiveness of Tamoxifen in Danish 
Breast Cancer Patients. Cancer Epidemiol 
Biomarkers Prev. 2020 Mar 1;29(3):582–90. 
https://doi.org/10.1158/1055-9965.epi-19-0833  

52. Mbavha BT, Thelingwani RS, Chikwambi Z, 
Nyakabau AM, Masimirembwa C, and the 
Consortium for Genomics and Therapeutics in 

Africa. Pharmacogenetics and pharmacokinetics of 
tamoxifen in a Zimbabwean breast cancer cohort. Br 
J Clin Pharmacol. 2023 Oct;89(10):3209–16. 
https://doi.org/10.22541/au.168081129.93760392/v1  

53. Sanchez-Spitman A, Dezentjé V, Swen J, Moes 
DJAR, Böhringer S, Batman E, et al. Tamoxifen 
Pharmacogenetics and Metabolism: Results From 
the Prospective CYPTAM Study. J Clin Oncol. 2019 
Mar 10;37(8):636–46. 
https://doi.org/10.1200/jco.18.00307 

54. Rangel-Méndez JA, Rubi-Castellanos R, Sánchez-
Cruz JF, Moo-Puc RE. Tamoxifen side effects: 
pharmacogenetic and clinical approach in Mexican 
mestizos. Transl Cancer Res. 2019 Feb;8(1):23–34. 
https://doi.org/10.21037/tcr.2018.12.27 

55. Kiyotani K, Mushiroda T, Imamura CK, Hosono N, 
Tsunoda T, Kubo M, et al. Significant Effect of 
Polymorphisms in CYP2D6 and ABCC2 on Clinical 
Outcomes of Adjuvant Tamoxifen Therapy for 
Breast Cancer Patients. J Clin Oncol. 2010 Mar 
10;28(8):1287–93. 
https://doi.org/10.1200/jco.2009.25.7246  

56. Souwer ETD, Sanchez-Spitman A, Moes DJAR, 
Gelderblom H, Swen JJ, Portielje JEA, et al. 
Tamoxifen pharmacokinetics and 
pharmacodynamics in older patients with non-
metastatic breast cancer. Breast Cancer Res Treat. 
2023 Jun;199(3):471–8. 
https://doi.org/10.1007/s10549-023-06925-z  

57. Loi S, Criscitiello, Fumagalli, Saini. Tamoxifen in 
early-stage estrogen receptor-positive breast cancer: 
overview of clinical use and molecular biomarkers 
for patient selection. OncoTargets Ther. 2010 Dec;1. 
https://doi.org/10.2147/ott.s10155  

58. Bharadwaj R, Jaiswal S, Velarde De La Cruz EE, 
Thakare RP. Targeting Solute Carrier Transporters 
(SLCs) as a Therapeutic Target in Different Cancers. 
Diseases. 2024 Mar 21;12(3):63. 
https://doi.org/10.3390/diseases12030063 

59. Xiao Q, Zhou Y, Lauschke VM. Impact of Variants 
in Atp-Binding Cassette Transporters on Breast 
Cancer Treatment. Pharmacogenomics. 2020 
Dec;21(18):1299–310. 
https://doi.org/10.2217/pgs-2020-0106 

60. Mao Q. Role of the breast cancer resistance protein 
(ABCG2) in drug transport. AAPS J. 2005 
Mar;7(1):E118–33. 
https://doi.org/10.1208/aapsj070112 

https://doi.org/10.1200/jco.2010.31.4427
https://doi.org/10.1111/j.1365-2125.2011.03905.x
https://doi.org/10.1093/jnci/djs125
https://doi.org/10.1200/jco.2007.12.2705
https://doi.org/10.2147/pgpm.s32160
https://doi.org/10.2147/bctt.s126557
https://doi.org/10.1158/1055-9965.epi-19-0833
https://doi.org/10.22541/au.168081129.93760392/v1
https://doi.org/10.1200/jco.18.00307
https://doi.org/10.21037/tcr.2018.12.27
https://doi.org/10.1200/jco.2009.25.7246
https://doi.org/10.1007/s10549-023-06925-z
https://doi.org/10.2147/ott.s10155
https://doi.org/10.3390/diseases12030063
https://doi.org/10.2217/pgs-2020-0106
https://doi.org/10.1208/aapsj070112


STJ, 2024,1,90-109                                                                                108 

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2024.1.9                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

61. Cronin-Fenton DP, Damkier P, Lash TL. 
Metabolism and Transport of Tamoxifen in Relation 
to its Effectiveness: New Perspectives on an 
Ongoing Controversy. Future Oncol. 2014 Jan 
31;10(1):107–22. 
https://doi.org/10.2217/fon.13.168  

62. Sukasem C, Sensorn I, Sirachainan E, 
Chamnanphon M, Pasomsub E, Trachu N, et al. 
ABCB1 and ABCC2 and the risk of distant 
metastasis in Thai breast cancer patients treated with 
tamoxifen. OncoTargets Ther. 2016 Apr;2121. 
https://doi.org/10.2147/ott.s100905 

63.  Kiyotani K, Mushiroda T, Imamura CK, Hosono N, 
Tsunoda T, Kubo M, et al. Significant Effect of 
Polymorphisms in CYP2D6 and ABCC2 on Clinical 
Outcomes of Adjuvant Tamoxifen Therapy for 
Breast Cancer Patients. J Clin Oncol. 2010 Mar 
10;28(8):1287–93. 
https://doi.org/10.1200/jco.2009.25.7246 

64. Ahmed JH, Makonnen E, Fotoohi A, Aseffa A, 
Howe R, Aklillu E. CYP2D6 Genotype Predicts 
Plasma Concentrations of Tamoxifen Metabolites in 
Ethiopian Breast Cancer Patients. Cancers. 2019 Sep 
12;11(9):1353. 
https://doi.org/10.3390/cancers11091353 

65. Argalácsová, Soňa, Ondřej Slanař, Hana 
Bakhouche and Lubos Pertuzelka. “Impact of ABCB1 
and CYP2D6 polymorphisms on tamoxifen treatment 
outcomes and adverse events in breast cancer patients.” 
Journal of B.U.ON. : official journal of the Balkan 
Union of Oncology 22 5 (2017): 1217-1226  
https://doi.org/10.33549/physiolres.933234 
66. Gradishar WJ, Moran MS, Abraham J, Abramson V, 

Aft R, Agnese D, Allison KH, Anderson B, Bailey J, 
Burstein HJ, Chen N, Chew H, Dang C, Elias AD, 
Giordano SH, Goetz MP, Jankowitz RC, Javid SH, 
Krishnamurthy J, Leitch AM, Lyons J, McCloskey 
S, McShane M, Mortimer J, Patel SA, Rosenberger 
LH, Rugo HS, Santa-Maria C, Schneider BP, Smith 
ML, Soliman H, Stringer-Reasor EM, Telli ML, Wei 
M, Wisinski KB, Yeung KT, Young JS, Schonfeld 
R, Kumar R. 
https://doi.org/10.6004/jnccn.2024.0035 

67. Burstein HJ, Lacchetti C, Anderson H, Buchholz TA, 
Davidson NE, Gelmon KA, et al. Adjuvant 
Endocrine Therapy for Women With Hormone 
Receptor–Positive Breast Cancer: ASCO Clinical 
Practice Guideline Focused Update. J Clin Oncol. 
2019 Feb 10;37(5):423–38. 
https://doi.org/10.1200/jco.18.01160 

68. Gennari A, André F, Barrios CH, Cortés J, De 
Azambuja E, DeMichele A, et al. ESMO Clinical 
Practice Guideline for the diagnosis, staging and 
treatment of patients with metastatic breast cancer. 
Ann Oncol. 2021 Dec;32(12):1475–95. 
https://doi.org/10.1016/j.annonc.2021.09.019  

69. Buijs SM, Koolen SLW, Mathijssen RHJ, Jager A. 
Tamoxifen Dose De-Escalation: An Effective 
Strategy for Reducing Adverse Effects? Drugs. 2024 
Apr;84(4):385–401. 
https://doi.org/10.1007/s40265-024-02010-x 

70. Mulder TAM, De With M, Del Re M, Danesi R, 
Mathijssen RHJ, Van Schaik RHN. Clinical 
CYP2D6 Genotyping to Personalize Adjuvant 
Tamoxifen Treatment in ER-Positive Breast Cancer 
Patients: Current Status of a Controversy. Cancers. 
2021 Feb 12;13(4):771. 
https://doi.org/10.3390/cancers13040771  

71. Sanchez-Spitman AB, Swen JJ, Dezentje VO, Moes 
DJAR, Gelderblom H, Guchelaar HJ. Clinical 
pharmacokinetics and pharmacogenetics of 
tamoxifen and endoxifen. Expert Rev Clin 
Pharmacol. 2019 Jun 3;12(6):523–36. 
https://doi.org/10.1080/17512433.2019.1610390 

72. Braal CL, Jager A, Hoop EO de, Westenberg JD, 
Lommen KMWT, De Bruijn P, et al. Therapeutic 
Drug Monitoring of Endoxifen for Tamoxifen 
Precision Dosing: Feasible in Patients with 
Hormone-Sensitive Breast Cancer. Clin 
Pharmacokinet. 2022 Apr;61(4):527–37. 
https://doi.org/10.1007/s40262-021-01077-z 

73. Dezentjé VO, Opdam FL, Gelderblom H, Hartigh 
Den J, Van Der Straaten T, Vree R, et al. CYP2D6 
genotype- and endoxifen-guided tamoxifen dose 
escalation increases endoxifen serum concentrations 
without increasing side effects. Breast Cancer Res 
Treat. 2015 Oct;153(3):583–90. 
https://doi.org/10.1007/s10549-015-3562-5 

74. Dilli Batcha J, Raju A, Matcha S, Raj S. E, Udupa 
K, Gota V, et al. Factors Influencing 
Pharmacokinetics of Tamoxifen in Breast Cancer 
Patients: A Systematic Review of Population 
Pharmacokinetic Models. Biology. 2022 Dec 
28;12(1):51. 
https://doi.org/10.3390/biology12010051  

75. Jamrat S, Sukasem C, Sratthaphut L, Hongkaew Y, 
Samanchuen T. A precision medicine approach to 
personalized prescribing using genetic and 
nongenetic factors for clinical decision-making. 

https://doi.org/10.2217/fon.13.168
https://doi.org/10.2147/ott.s100905
https://doi.org/10.1200/jco.2009.25.7246
https://doi.org/10.3390/cancers11091353
https://doi.org/10.33549/physiolres.933234
https://doi.org/10.6004/jnccn.2024.0035
https://doi.org/10.1016/j.annonc.2021.09.019
https://doi.org/10.1007/s40265-024-02010-x
https://doi.org/10.3390/cancers13040771
https://doi.org/10.1080/17512433.2019.1610390
https://doi.org/10.1007/s40262-021-01077-z
https://doi.org/10.1007/s10549-015-3562-5
https://doi.org/10.3390/biology12010051


STJ, 2024,1,90-109                                                                                109 

https://doi.org/10.70957/uqu.edu.sa/s.toxicology.s/stj.2024.1.9                                         https://uqu.edu.sa/s.toxicology.s/S.T.J 

Comput Biol Med. 2023 Oct;165:107329. 
https://doi.org/10.1016/j.compbiomed.2023.107329 

76. Jones CJ, Subramaniam M, Emch MJ, 
Bruinsma ES, Ingle JN, Goetz MP, Hawse JR. 
Development and Characterization of Novel 
Endoxifen-Resistant Breast Cancer Cell Lines 
Highlight Numerous Differences from 
Tamoxifen-Resistant Models. Mol Cancer Res. 
2021 Jun;19(6):1026-1039. doi: 10.1158/1541-
7786.MCR-20-0872. Epub 2021 Feb 24. PMID: 
33627502; PMCID: PMC8178211. 
https://doi.org/10.1158/1541-7786.mcr-20-0872  

 

https://doi.org/10.1016/j.compbiomed.2023.107329
https://doi.org/10.1158/1541-7786.mcr-20-0872

