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[bookmark: Abstract]Abstract 
Breast cancer is one of the most prevalent cancers in society, especially among women. Tamoxifen is often used as a first-line therapy for breast cancer and reduces the risk of recurrence in ER+ breast cancer. However, the response to treatment varies due to genetic variability resulting from polymorphisms in the DNA encoding drug-metabolism enzymes, including the CYP2D6 gene. This literature review aimed to evaluate the impact of CYP2D6 gene variants on the effectiveness of tamoxifen in breast cancer treatment. A literature search was conducted through PubMed, Google Scholar, and BMC Cancer using relevant keywords. The selected articles were no more than ten years old (2014-2024), with criteria for inclusion and exclusion. The review of articles from various research journals found that in the Asian region, the CYP2D6 gene variant allele *10 was most frequently seen, resulting in Intermediate Metabolism (IM) in tamoxifen therapy. Patients with IM metabolism tend to have suboptimal therapeutic responses and require tamoxifen dose adjustments. Conversely, patients with Normal Metabolism (NM/EM) tend to have better therapeutic responses. Genetic variability in the CYP2D6 gene affects the activity of the CYP2D6 enzyme, which functions to convert tamoxifen into its active form, Endoxifen. Some individuals may have low (Poor Metabolizer), Intermediate (Intermediate Metabolizer), Normal (Extensive Metabolizer), or even high (Ultra-rapid Metabolizer) enzyme activity. Therefore, adjusting tamoxifen therapy based on patient genetic information is essential for optimal treatment, especially in Asia, where the CYP2D6 gene variant allele *10 is most commonly found, resulting in IM metabolism.
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Abstrak 
Kanker payudara merupakan salah satu kanker yang paling banyak diderita oleh masyarakat, terutama oleh wanita. Tamoxifen sering digunakan sebagai terapi lini pertama untuk kanker payudara serta mengurangi risiko kekambuhan pada kanker payudara ER+. Namun, respon yang dihasilkan dari pengobatan bervariasi, perbedaan respon ini terjadi karena adanya variabilitas genetik hasil polimorfisme pada DNA yang mengkode enzim metabolisme obat salah satunya yaitu gen CYP2D6. Tujuan dari review jurnal ini adalah untuk mengevaluasi dampak dari varian gen CYP2D6 terhadap efektivitas tamoxifen pada pengobatan kanker payudara. Literatur review dilakukan melalui situs PubMed, Google Scholar, dan BMC Cancer dengan menggunakan kata kunci yang relevan dan artikel tidak lebih dari 10 tahun terakhir (2014-2024) dengan kriteria inklusi dan ekslusi. Berdasarkan hasil review artikel dari berbagai jurnal penelitian ditemukan bahwa di kawasan Asia, variasi gen CYP2D6 alel *10 ditemukan paling sering, yang menghasilkan Intermediate metabolism (IM) pada terapi tamoxifen. Pasien dengan metabolisme IM cenderung memiliki respon terapeutik yang kurang optimal dan memerlukan penyesuian dosis tamoxifen. Sebaliknya, pasien dengan metabolisme normal (NM/EM) cenderung memiliki respon terapeutik yang lebih baik. Variabilitas genetik dalam gen CYP2D6 memengaruhi aktivitas enzim CYP2D6 yang berfungsi untuk mengkonversi tamoxifen menjadi bentuk aktifnya, yaitu endoxifen. Beberapa individu dapat memiliki aktivitas enzim yang rendah (Poor metabolizer), sedang (Intermediate metabolizer), normal (Extensive metabolizer), bahkan tinggi (Ultra-rapid metabolizer). Oleh karena itu, penyesuaian terapi tamoxifen berdasarkan informasi genetik pasien menjadi penting untuk mencapai pengobatan yang optimal, khususnya di kawasan Asia dimana variasi gen CYP2D6 alel *10 paling umum ditemukan dan menghasilkan metabolisme IM.
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[bookmark: Introduction]INTRODUCTION 
Breast cancer is the most common cancer suffered particularly among women, even accounting for >1 in 10 people diagnosed with cancer every year. However, men can also be diagnosed with it in certain circumstances. Uncontrolled cell development in the breast area is a hallmark of the disease (WHO, 2020). Breast cancer has surpassed lung cancer as the most commonly diagnosed disease worldwide over the past five years, reaching 7,8 million by 2020. The incidence of breast cancer continues to rise annually, with an estimated 2,3 million new cases, or approximately 11,7% of all cancer cases, making breast cancer the second leading cause of cancer-related deaths after lung cancer, with figures reaching 685,000 deaths (Sung et al., 2021).
In Asia, over the past decade, there has been an increase in the incidence of breast cancer among women, even surpassing those of the United States and other countries (Lin et al., 2019). Compared to breast cancer patients in European countries, a significant number of cases in Asia occur during the premenopausal period, which is approximately 25% higher. Furthermore, breast cancer cases in Asia also exhibit specific biological characteristics, with a higher prevalence of HER2-positive cases. In Indonesia, as of 2020, breast cancer cases reached 65,858 (16,6%) out of a total of 396,914 recorded cancer cases (Kemenkes, 2022) 
Selective estrogen receptor modulators (SERMs) are a class of hormonal therapies used to treat individuals with breast cancer patients exhibiting positive estrogen receptors (ER+). The fundamental mechanism of action for these pharmacological agents involves the inhibition of estrogen hormones, which are implicated in the proliferation and growth of breast cancer cells (Khambri, 2015).
Tamoxifen is one of the selective estrogen receptor modulators (SERM) class drugs that acts as an estrogen antagonist to inhibit the estrogen hormones from binding to cells (Dean, 2014). Tamoxifen is commonly used as a first-line medication to reduce the risk of recurrence, both locoregional or contralateral, and slow down or halt the metastasis of breast cancer in premenopausal women and postmenopausal women when combined with aromatase inhibitors. Despite the perceived success of tamoxifen therapy, approximately 30-50% of patients do not achieve the desired therapeutic effects and may exhibit symptoms of cancer recurrence, including hyperhidrosis, hot flushes, irregular menstruation, metastasis, and even death (Buijs et al., 2023);
A factor in the selection of treatment regimens for breast cancer is hormone receptor-positive. Estrogen receptors are expressed in the tumors of breast cancer patients, and studies show the benefits of using selective estrogens such as tamoxifen as an effective treatment as well as preventing breast cancer recurrence (Dean, 2014). This drug is a pro-drug that needs metabolic activation to become an effective metabolite, endoxifen and 4-hydroxytamoxifen. Endoxifen is formed by converting the inactive primary metabolite N-desmethyl tamoxifen (Dean, 2014). The enzyme CYP2D6 is known to be involved in more than a quarter of identified drugs. Several studies have shown an association between the CYP2D6 genotype and tamoxifen treatment outcome, and also a contribution from the CYP2C9 and CYP3A genes in the metabolism of this drug. (Zeng et al., 2013); (Lu et al., 2012)
The CYP2D6 gene is part of the cytochrome P450 (CYP450) superfamily that forms the liver's central lipid, hormone, toxin, and drug metabolism system. Several factors can affect CYP450 enzyme activity, including genetic variation, gender, age, type, and degree of disease (Zanger & Schwab, 2013). The enzymes of CYP2D6 are responsible for about 25% of the metabolism of various drugs, such as analgesics, antipsychotics, antidepressants, and β-blockers. The variation of CYP2D6 enzyme activity is vast due to Single-Nucleotide Polymorphisms (SNPs) and sequence variations caused by DNA insertions or deletions. The asterisk (*) on each allele marks the specific combination of SNPs that cause changes in the CYP2D6 gene; the combination of these alleles can be used to determine the diplotype of an individual. Genotype variation and its relationship with enzyme activity in metabolizing tamoxifen can be seen in Table 1.
[bookmark: _Hlk165647467]
[bookmark: tabel1]Table 1. Phenotype of Tamoxifen metabolism based on CYP2D6 diplotype
	Phenotype
	Genotype
	Example of CYP2D6 Diplotypes

	Metabolizer Status
	Activity score
	
	

	Ultra-rapid Metabolism (UM)
	> 2.0
	Individuals with functional allele duplication
	*1/*1xN, *1/*2xN, 

	Extensive Metabolism (EM)
	1.5 - 2.0
	Individuals with two normal functional alleles and one weak/low functional allele
	*1/*41, *1/*1, *1/*2, *2/*2 

	Intermediate Metabolism (IM)
	0.5
	Individuals with one low functional allele and one non-functional allele
	*5/*9, *4/*10, *4/*41 

	Poor Metabolism (PM)
	0
	Individuals with non-functional alleles
	*4/*4, *3/*4, *5/*5, 


Reference: CPIC (2018)

This study was conducted to identify polymorphisms in the CYP2D6 gene and the effect of those variations on tamoxifen metabolism in breast cancer therapy based on genetic information. 

[bookmark: Method]METHOD
The method employed in this study is a literature review conducted using a browser and several other sites such as PubMed, Google Scholar, and BMC Cancer. Searches were performed using the keywords “Breast cancer," "CYP2D6", "Genetic variants," "Tamoxifen," and  "Personalized Medicine." The inclusion criteria stipulated that the primary literature must discuss the specified keywords and be published within the last ten years to serve as a primary source. The exclusion criteria mandated that the publication year of the primary literature should be at most ten years. Additionally, literature older than ten years was utilized solely as supplementary supporting information through the trace-back method, which involves a literature review tracing from one reference back to the earliest relevant publication.

[bookmark: Result]RESULT
A total of 257 journal articles were found, of which 13 were reviewed, based on studies conducted on CYP2D6 genotypes in several countries and ethnic groups in the Asian region.  The associated Polymorphisms in the CYP2D6 gene, with variations in enzymatic activity, are summarized in Table 2. Populations with genotypes CYP2D6 allele *1/*1, *2, *10, and *41 have the Extensive Metabolizer (EM) phenotype, populations with genotypes CYP2D6*10, *17, and *41 have the Intermediate Metabolizer (IM) phenotype, populations with genotypes CYP2D6*3, *4, and *5 have the Poor Metabolizer (PM) phenotype. In contrast, polymorphisms with duplications have the Ultra-rapid Metabolizer (UM) phenotype. The most commonly encountered polymorphisms cause EM and a small proportion of them cause PM and UM (Mayangsari & Rostinawati, 2016). The influence of CYP2D6 variations on tamoxifen drug metabolism and the effects are seen in Table 3.


[bookmark: tabel2]


Table 2. 
CYP2D6 allele activation status
	Alleles
	Allele type

	*1, *2, *33, dan *35
	Active

	*9, *10, *17, *29, *36, dan *41
	Decreased activity

	*3, *4, *5, *6, *7, *8, *11-*16, *19-*21, *38, *40 dan *42
	Inactive


 (Reference: Dean L, 2014)


[bookmark: tabel3]Table 3. Research conclusion related to CYP2D6 variants and their effect on tamoxifen metabolism
	Country/ethnic
	Genes
	Cohort size
	Conclusion
	References

	Saudi Arabian, Syrian ethnicity
	*4, *10, *41, *69
	 97 patients
	Thirty-nine patients had no recurrence, and 58 had a recurrence. Patients with homozygous CYP2D6*4 (1847A/A) had a higher relapse rate than those with the 1847G/G genotype.
	(Ismail Al-Khalil et al., 2022)
	China
	*10
	Patients not reported
	QALY (Quality-adjusted life year), improved DFS (Disease-free survival
	(Wei et al., 2020)
	China
	*10
	293 patients with ER+
	In patients with the *10 C/T and T/T genotypes, tamoxifen's effectiveness was reduced compared to patients with the C/C genotype. In addition, patients with ER+ breast cancer and the *10 mutation genotype showed a better prognosis with toremifene therapy than tamoxifen therapy.
	(Wang et al., 2022)
	Chinese Han
	*10, *2A, *82, *90, *91, *94
	325 patients, 167 (21,5%) patients have *10 (T/T) genotype
	Patients with the *10(T/T) genotype have a lower DFS (disease-free time) rate than those with the C/C or C/T genotype. This means that patients with the *10 (T/T) genotype receive less effect from tamoxifen adjuvant therapy.
	(Lan et al., 2018)
	India
	*4, *10
	110 patient cancer, 100 individual control
	There is an association between CYP2 gene polymorphisms and breast cancer risk, where, based on this study, there is a significant difference in genotype frequency with controls. In addition, this study showed that drug resistance gene polymorphism is a predictor of tamoxifen therapy response.
	(Thota et al., 2018)
	Indonesia
	*10
	125 patients
	Patients received TAM at a dose of 20 mg/day; the results found a significant relationship between *10 and the achievement of Z-END MTC in the plasma of breast cancer patients.
	(Yenny et al., 2019)
	Indonesia
	*10
	151 patients
	The results of the study were 40.67% of ER+ and IM breast cancer patients. To achieve endoxifen levels similar to EM patients, tamoxifen therapy doses were increased to 40 mg/day.
	(Maggadani et al., 2021)

	Iran
	*3, *4, *10, *17
	84 patients with ER+
	CYP2D6*4 dan *10 has low enzyme activity, which may not be enough to convert tamoxifen to endoxifen.
	(Saghafi et al., 2018)
	Japan
 
	*2, *4, *6, *10, *14, *18, *21, *36, *41, *44
	184 patients (136 Wt/V atau V/V dan 48 WT/WT)
	There was no significant difference after six months, and evaluation of increasing the tamoxifen dose did not achieve higher RFT (Relapse-free time)
	(Tamura et al., 2019)
	Japan
	*1, *10, *5, *14, *18, *21, *41
	279 patients
	In tamoxifen therapy, an association was found between variations in the CYP2D6 gene and Ki-67 response, indicating that variations in the CYP2D6 gene are predictors of response to tamoxifen therapy in breast cancer patients.
	(Zembutsu et al., 2017)
	Caucasian
	*3, *4, *5, *6, *10, *41
	99 patients with ER+
	Patients with a combination of CYP2D6 alleles encoding EM and UM phenotypes tend to have longer relapse-free time (RFT). However, variations in several other genes (CYP2C9, CYP2C19, CYP2B6) did not significantly impact RFT.
	(Mwinyi et al., 2014)
	Malaysia
	*1, *2, *4, *10, *39, *49, *75
	80 patients
	Breast cancer patients of Malay ethnicity are predicted to have EM characteristics that are more responsive to tamoxifen therapy than patients of Chinese and Indian ethnicities who have IM and PM characteristics.
	(Chin et al., 2016)
	Turkey
	*1, *2, *3, *4, *5 (deletions), *6, *7, *8, *9, *10, *11, *15, *17, *41
	115 patients
	77.1% EM, 11.5% IM, 5.2% UM, and 2.1% PM. Tamoxifen may be a significant predictor of the development of endometrial hyperplasia, which was identified in individuals with poor metabolism (PM).
	(Günaldı et al., 2014)


[bookmark: Discussion]DISCUSSION
Tamoxifen is a SERM-class drug commonly used for breast cancer therapy that works as an estrogen receptor antagonist and competitively inhibits ER+ cancer cells. Tamoxifen has little pharmacological effect, so it needs to be converted into its active form, endoxifen, where this metabolism is carried out by the enzyme CYP2D6. Tamoxifen exerts antitumor effects against estrogen receptors due to the high affinity of endoxifen. However, in other tissues, such as the endometrium, the drug is an estrogen agonist and can cause endometrial hyperplasia.
The CYP2D6 gene is located on chromosome 22q13.2, one of the genes with the most variation among all CYP genes. The CYP2D6 gene has more than 135 different star alleles (*), where each allele produces different polymorphisms and is grouped into four outcomes, namely Extensive Metabolizer (EM), Intermediate Metabolizer (IM), Poor Metabolizer (PM), and Ultra-rapid Metabolizer (UM) (Mayangsari & Rostinawati, 2016). EM characteristics can respond better to tamoxifen therapy than IM and PM characteristics; this aligns with research conducted by Chin et al. (2016).
Polymorphisms that occur in the CYP2D6 gene can be influenced by mutations in the gene in the form of single-nucleotide polymorphisms (SNPs) and variations in the number of copies of the CYP2D6 gene and sequences due to DNA insertions or deletions (Zanger & Schwab, 2013); Ramamoorthy & Skaar, 2011). The combination of these alleles is used to determine a person's diplotype. CYP2D6 is categorized as usual (Wild-type); the impairment of function or non-function that occurs is based on the activity of the enzyme encoded by the gene (Wahyuni et al., 2018); (Dean, 2014).
The relationship between tamoxifen drug, metabolites, and cytochrome P450 (CYP) isoforms is shown in Figure 1. It was found that poor metabolizers occurred in individuals with CYP2D6*10 genotype (100C>T) with the T allele as the risk allele. Individuals with both homozygous mutant (T/T) and heterozygous (T/C) T alleles had lower survival compared to individuals with wild-type (C/C) alleles. (Lu et al., 2012) 

[image: ]
[bookmark: figure1]Figure 1. Metabolism of Tamoxifen in the Liver
(Reference: Biorender)
In addition, according to research by Yenny et al. (2019), when looking at endoxifen levels in blood plasma, shows that individuals with the C/C allele have the same endoxifen levels as the C/T allele, while individuals with the T/T allele have lower endoxifen levels, this indicates that the C allele is dominant. However, according to Tamura et al.'s (2019) study of 184 patients, with 136 patients having the C/T or T/T genotype and 48 patients having the C/C genotype, no significant difference was found after six months, and the evaluation of increasing tamoxifen doses did not achieve higher DFS.
	Wei et al.'s (2019) study on CYP2D6*10 showed that there was an increase in disease-free survival (DFS/Disease Free Survival), which was in line with the results of a study on ethnic Chinese Han by Lan et al. 2018 on 325 patients with 167 of them carrying the CYP2D6 * 10 T/T genotype found that the DFS rate was lower than patients carrying the CYP2D6 * 10 C / C or C / T genotype, this could mean that patients with the CYP2D6 * 10 T/T genotype received a lower or lesser effect of tamoxifen adjuvant therapy. Then, the study of Mwinyi et al. (2014) on Caucasian ethnicity (n=99), where patients with a combination of CYP2D6 alleles encoding EM (Extensive Metabolizer) and UM (Ultra-rapid Metabolizer) phenotypes tend to have a longer free time compared to other genetic variations namely CYP2C9, CYP2C19, and CYP2B6. 
The effect of CYP2 gene polymorphisms was also seen in a study by Thota et al. (2018), which compared the effect of the CYP2D6*4 and CYP2D6*10 genes in 110 patients with 100 control individuals. The results showed that the CYP2 gene was significantly associated with breast cancer risk; the data in the study also showed that drug resistance gene polymorphisms were an indicator of response to tamoxifen therapy. In the study of Khalil et al. (2022) in ethnic Syria (n = 97), as many as 39 patients did not experience recurrence, and 58 patients experienced recurrence. Patients with homozygous CYP2D6*4 genotype (1847A/A) had a higher relapse ratio than patients with homozygous CYP2D6*4 genotype (1847G/G).
The results of research by Zembutsu et al. (2017) state that genetic variation in CYP2D6 is a crucial predictor of response to tamoxifen in breast cancer patients. This is proven by Maggadani et al. (2021), who conducted research on 151 patients, with 40.67% being ER + breast cancer and IM metabolism (Intermediate Metabolizer). The results obtained were that by increasing the dose of tamoxifen to 40 mg/day, the patient's endoxifen levels could reach the endoxifen levels of patients with EM or normal phenotypes. 
It can be seen that tamoxifen is less effective in patients with CYP2D6 * 10 T/T and C / T genotypes compared to C / C genotype patients, based on research from Wang et al., (2021) ER + breast cancer patients with mutant * 10 allele genotypes have a better prognosis with toremifene therapy than tamoxifen. In addition, in the study by Günaldı et al. (2014), 77.1% of patients were categorized as EM, 11.5% IM, 5.2% UM, and 2.1% PM. The results in the PM category found significant development of endometrial hyperplasia due to the side effects of tamoxifen use. So, some patients with specific genotypes can see the recommendations in Table 4. to continue to get optimal therapy.
 

[bookmark: tabel4]
Table 4. Therapeutic recommendations for tamoxifen based on CYP2D6 phenotype
	CYP2D6 Phenotype
	Recommendations

	Ultra-Rapid Metabolizer (UM)
	No action required 

	Intermediate Metabolizer (IM)
	1. Measure endoxifen concentrations and increase the dose. For postmenopausal women, alternative aromatase inhibitor drugs may be used.
2. Avoid co-medication with CYP2D6 inhibitors such as paroxetine and fluoxetine.

	Poor Metabolizer (PM)
	The dose was increased to 40mg/day, and monitor the endoxifen concentration or an alternative drug.


(Reference: DPWG, 2015)
	Studies have shown that it is essential to tailor tamoxifen use to genetic differences in various populations to achieve more effective treatment and avoid unwanted side effects. With so many races, it is necessary to conduct more thorough clinical trials to find more significant gene differences so that they can support better-personalized medicine. Wei et al.'s (2020) research based on cost-effectiveness showed that the use of CYP2D6 * 10 SERM is an economically effective treatment strategy for ER + breast cancer patients in China by considering genetic factors. These findings indicate that genetic testing based on different populations could be part of better breast cancer treatment in the future.

[bookmark: Conclusion]CONCLUSION
The existence of polymorphisms in the CYP2D6 gene can affect the metabolism of tamoxifen, where these polymorphisms can produce different metabolic activities. These differences in metabolism can affect the levels of active metabolites and the pharmacological effects of tamoxifen, thus requiring the adjustment of tamoxifen therapy for each individual. 
Polymorphisms in CYP2D6 have been shown to affect the therapeutic efficacy of tamoxifen in treating patients with symptomatic breast cancer. In Asia, the most prevalent CYP2D6 gene variation is the*10 allele, which results in Intermediate Metabolism on tamoxifen therapy. Patients with UM metabolic status usually show good metabolism with longer recurrence-free time. In contrast, patients with IM or PM metabolic status tend to show poor therapeutic effects and require additional tamoxifen doses. Patients with IM or PM characteristics have a faster relapse time. 
Therefore, personalized medicine as a sub-therapy of tamoxifen can be an excellent first step to providing optimal therapy in breast cancer patients.
However, this kind of research is still relatively rare in Indonesia. Given Indonesia's diverse demographic, ethnic, and genetic backgrounds, it is hoped to receive more attention in the future.
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