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Abstract

Genetic polymorphisms in drug transporters markedly affect drug absorption, distribution, and
elimination, thereby contributing to interindividual variability in pharmacological responses. A
comprehensive understanding of these genetic variations is essential for the advancement of
personalized medicine, especially within genetically heterogeneous populations such as Indonesia.

Aims: This investigation seeks to elucidate the influence of drug transporter polymorphisms on
therapeutic outcomes and their ramifications for personalized medicine in the Indonesian context.
This study amalgamates existing research to furnish insights into genetic variations that impact drug
metabolism, aiding the optimization of pharmacotherapy practices in Indonesia.

Methodology: A systematic literature review was performed utilizing the PubMed database,
identifying studies published between 2013 and 2025 that pertain to drug transporter
polymorphisms within the Indonesian cohort. The data extraction process concentrated on the
pharmacokinetic and pharmacodynamic implications of genetic variations in pivotal transporters.

Results: A total of twelve studies were analyzed, predominantly focusing on SLC22A1, SLCO1B1,
and ABCB1 polymorphisms in connection with the treatment of diabetes, cancer, epilepsy,
hypercholesterolemia, and tuberculosis. The SLC22A1 Met420del variant was associated with
modified metformin pharmacokinetics, while SLCO1B1 polymorphisms influenced statin
metabolism, and ABCB1 variants were investigated concerning chemotherapy drug resistance.
Nevertheless, inconsistent clinical significance was noted, attributable to limited sample sizes and
discrepancies in methodologies.

Scientific Novelty: This study underscores the imperative to incorporate pharmacogenetic
principles into Indonesia's healthcare framework while addressing challenges such as research
funding, restricted access to diverse samples, and lack of pharmacogenetic knowledge among
practitioners. This research uniquely consolidates evidence regarding genetic determinants that
influence drug metabolism in Indonesia, thereby establishing a foundational basis for personalized
medicine initiatives within a genetically diverse population.

Conclusion: Pharmacogenetics can optimize resources, decrease side effects, and increase
treatment efficacy. Future initiatives should prioritize expanded research, public awareness, and
governmental support to ensure the effective implementation of personalized medicine in Indonesia.
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Introduction

Considering Indonesia's profound genetic diversity and its prominent contribution to individual differences in
drug response, a more personalized therapeutic strategy is also warranted [1]. The population carries various
polymorphisms in drug-metabolizing enzymes and transporters, which can affect pharmacokinetics and
pharmacodynamics and have consequences for drug efficacy and safety [2, 3]. Differential expression of genetic
markers, especially single nucleotide polymorphisms (SNPs), between ethnic groups can ultimately lead to
differences in response to therapy and adverse drug reactions [4, 5]. These unique pharmacogenetic characteristics
highlight the need for population-specific approaches in Indonesian clinical practice.

Functional Relevant Variants of drug metabolism pathway among the Indonesian population would be genotyped
to provide a robust conclusion as studies such as polymorphisms of SLCO1B1 have revealed the identification of
prevalent drug sensitive alleles [6], p450 enzyme, as well as wild type (wt) among the Sundanese in Indonesia (
SLCO1B1 rs4149032), and a homozygous mutation of CYP3A5 wt among the Javanese and Sundanese cohort [7].
These results hold significant implications for treating diseases, including tuberculosis, cancer, diabetes, and
cardiovascular diseases, which are developmental areas where pharmacogenomics can have an unambiguous and
direct impact on therapeutic efficacy [7, 9]. Consequently, understanding allele distribution and clinical implications
in these significant disease burdens is pivotal for tailoring individualized treatments in the Indonesian setting.

Further interindividual variation is introduced with the modulation of drug transporters and the metabolic
enzymes that process drugs at the genetic, transcriptional, and post-transcriptional levels by environmental
exposures, including pesticides [10, 11]. The expression and activity of transporters can be further regulated by
genetic and non-genetic factors, including transcription factors, such as the nuclear hormone receptors, e.g., PXR
and CAR [3, 12]. Such complexity underscores the multifactorial nature of drug response, necessitating a systems
biology approach for accurate prediction models.

Pharmacogenomic initiatives like validating the Nala PGx Core® panel and the Biomedical and Genome Science
Initiative (BGSi) are important milestones in Indonesia toward precision medicine [1, 13]. PharmFreq and other tools
that map allele frequencies across populations [14] are critical for understanding genetic disparities and optimizing
region-specific strategies. Nevertheless, the AIPG has encountered considerable challenges in the uptake of
pharmacogenomics in Indonesia related to limited infrastructure, the inconsistent adaptation of policies, and
inadequate awareness among clinicians [15,16]. Addressing these barriers will be essential to accelerate the clinical
integration of pharmacogenomics across healthcare systems in Indonesia.

Despite the availability of global frameworks such as EMA and FDA [17]. Furthermore, the relevance also
demonstrated its clinical relevance (e.g., transporter polymorphisms such as ABCB1 associated with delayed
chemotherapy-induced nausea and vomiting), making it clear how genetic variation impacts drug response [18, 19].
Efflux and uptake transporters, e.g., OATP1B1, OCT1, and MATE1, are known to mediate significant drug-drug and
drug-gene interactions, but studies remain sparse in the context of ethnic diversity [12, 20]. Therefore, expanding
pharmacogenomic research in diverse Indonesian ethnic groups is crucial to bridging this knowledge gap and
improving therapeutic equity.

Considering this context, characterizing drug transporter polymorphisms is critical for promoting equitable and
efficient pharmacogenomic implementation in Indonesia's ethnically diverse population. This review intends to map
the existing drug transporter polymorphisms in Indonesian populations and consequently find the gaps in this
context needed to establish a rightful personalized treatment approach.

Research Problem

As a genetically diverse and developing nation, Indonesia has encountered considerable roadblocks to including
pharmacogenetics in clinical settings. Several rationales exist for this phenomenon; however, a predominant
concern is the limited understanding of polymorphisms in drug transporters, which play a crucial role in drug
absorption, distribution, metabolism, and elimination. This lack of knowledge can modulate any differences in
response to drugs, their therapeutic action and the risk of ADRs. The prevalence of ADRs in Indonesia has been
reported to range widely between 0.9%-99%, based on the type of drug, dosage, and treatment duration in a
systematic review report by [21]. Such high variability in the prevalence of ADR points to the complexity of drug
response events in Indonesia, making it important to further explore genetic factors like transporter polymorphisms.
Global pharmacogenetic studies on transporter polymorphisms, including SLC22A1 (OCT1)in metformin response,
SLCO1B1 in statin-induced myopathies and ABCB1 in drug resistance have been undertaken; however, their clinical
implications are still underutilized in Indonesian population due to the unavailability of population-specific studies.
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Apart from scientific knowledge gaps, the implementation of pharmacogenetics in Indonesia is hampered by
systemic barriers, including the high costs of research, limited access to genetic screening, and the absence of
pharmacogenetic guidelines that address the population's needs. Genetic testing continues to be costly,
precluding access to a substantial portion of the general public, especially in rural regions. There are no national
laws regulating pharmacogenetic integration into healthcare in Indonesia. While initiatives (BGSi) plan to help
genomic researchers, more programs must follow to transform discovery into clinical application. Thus, this study
aims to fill in the gaps by compiling the available literature data on polymorphisms of drug transporters in
individuals from Indonesia, identifying key genetic variations, and suggesting interventions for personalized
medicine approaches that will improve drug safety, optimize the efficacy of treatment, and resulting in future
pharmacogenetics policy.

Research Focus

This study aims to evaluate genetic polymorphisms of major drug transporters in the Indonesian population,
especially SLC22A1 (OCT1), SLCO1B1, and ABCB1. These transporters are central to drug uptake, distribution, and
elimination, thereby influencing therapeutic outcomes of many diseases. The aim isto elucidate the impact of these
variations on drug pharmacokinetics and pharmacodynamics. This knowledge has implications in terms of
therapeutic effect and safety and will help facilitate the practice of personalized medicine. Given the above, this
study focuses on drug transporters that play significant roles in the treatment of common therapeutic areas or
therapeutic areas that are frequently used in Indonesia, namely the diabetes drugs (i.e., metformin),
hypercholesterolemia (i.e., statins), epilepsy (i.e., antiepileptics), and cancer (i.e., taxan chemotherapy and
doxorubicin). This study conducted an extensive review of the literature on transporter polymorphisms and drug
response in these conditions to provide insights into population-specific genetic variants that may affect drug
receptor sensitivity and consequent adverse drug reaction (ADR) while also emphasizing the importance of genetic
variation in drug response for optimal treatment in different populations.

Research Aim and Research Questions

To evaluate the available polymorphisms of drug transporters in the Indonesian population and analyze the
association of the polymorphisms with drug response, therapeutic effectiveness, and safety. By studying SLC22A1
(OCT1), SLCO1B1 and ABCB1, this study aims to examine their role in therapeutic usages, such as diabetes in the
form of metformin, hypercholesterolemia with statins, epilepsy in the form of antiepileptics, and lastly cancerin drugs
meant for chemotherapeutics, such as paclitaxel and doxorubicin. The results of this study are expected to be used
to help integrate pharmacogenetics into personalized medicine approaches in Indonesia by determining clinically
relevant genetic variants that can be used in clinical settings to guide physicians on which medications should be
prescribed to improve treatment efficacy and reduce the risk of ADRs. Moreover, this study focuses on identifying
gaps in the relevant literature and barriers to implementation, then suggests recommendations on developing
clinical guidelines to integrate pharmacogenetics into Indonesia's healthcare system.

Research Questions
1. What are the most common drug transporter polymorphisms found in the Indonesian population?

2. How do these polymorphisms influence the pharmacokinetics and pharmacodynamics of drugs used for
therapies such as cancer, diabetes, epilepsy, hypercholesterolemia, and tuberculosis?

3. What is the relationship between genetic polymorphisms of drug transporters and clinical responses or
adverse effects in the Indonesian population?

4.  What are the primary challenges in integrating pharmacogenetics into Indonesia's healthcare system, and
what solutions can be proposed?

5. How does Indonesia's genetic diversity influence the implementation of pharmacogenetics in personalized
medicine?

To address these questions, this study aims to evaluate the available evidence on drug transporter polymorphisms
in the Indonesian population, assess their clinical implications in drug response, and explore the potential of
incorporating pharmacogenetics into Indonesia's healthcare system. The discoveries made through the project will
serve as a reference point for subsequent research in pharmacogenetics, policies, and personalized medicine inthe
nation, thereby improving drug safety, effective treatment and efficiency in the health system.
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Research Methodology
General Background

The genetics of drug transporters is an important aspect of the field of pharmacogenetics. However,
polymorphisms in genetic variations (i.e., SNPs) play different roles in the absorption, distribution, metabolism and
excretion of drugs. Given the extravagant ethnic diversity and interethnic marriages of Indonesia, localized
pharmacogenetic data are required to determine the most relevant transporter polymorphisms and their clinical
impact on this population. As SLC22A1 (OCT1) is globally significant to metformin response, and SLCO1B1 and
ABCB1, respectively, for statin and chemotherapy drug resistance, the lack of Indonesian-specific data is a challenge
for the application of pharmacogenetics in the clinical setting to approach precision medicine. The situation is
compounded by the high cost of research, limited access to genomics data, inadequate infrastructure, and the lack
of national pharmacogenetic guidelines, which leave clinicians dependent on foreign databases that may not reflect
the genetics of Indonesia. To do this, the current study investigated and analyzed the polymorphisms of drug
transporters (SLC22A1, SLCO1B1, and ABCB1) in the Indonesian population, as well as their physiology with respect
to several drugs that are commonly used in the combined therapy, including metformin, statins, antiepileptics, and
chemotherapy agents. In doing so, this study serves to uncover population-specific genetic variations, evaluate their
influence on clinical efficacy, and advance the clinical implementation of pharmacogenetics within the Indonesian
medical sector.

Sample / Participants / Group

Therefore, a systematic approach was used in this literature review, which was to select studies that report
polymorphisms of drug transporters in the Indonesian population. The search is conducted on the PubMed database
using a combination of keywords: (("Membrane Transport Proteins"[Mesh]) AND ( "Polymorphism, Genetic"[Mesh]
OR "Polymorphism, Single Nucleotide"[Mesh] OR "Polymorphism, Single-Stranded Conformational"[Mesh] )) AND
"Indonesia"[Mesh]). The search focused on peer-reviewed studies published between 2013 and 2025 to ensure that
all relevant studies, particularly the most recent ones, were included. All other study types were excluded, and the
following eligibility criteria were applied to further refine the search results: (1) studies investigating genetic
polymorphisms of drug transporters in the Indonesian population; (2) studies evaluating the effect of genetic
polymorphisms of drug transporters on pharmacokinetics, pharmacodynamics, drug response or adverse drug
reactions (ADRs); (3) studies written in the English language; and (4) studies that have the full-text available. Exclusion
criteria included (1) publications that focused only on drug-metabolizing enzymes with no evaluation of drug
transporters, (2) publications that reported only animal or in vitro data with no clinical or population information, and
(3) review articles with no primary research findings. After applying relevance to research, a total of 28 studies from
an initial 56 publications were identified as meeting the inclusion criteria. For final selection, more specific criteria
were used, favoring studies with complete genotype-phenotype correlation and an investigation of polymorphisms
of SLC22A1, SLCO1B1, and ABCB1 because those transporters are clinically relevant with their corresponding
therapies in diabetes (metformin), hypercholesterolemia (statins), epilepsy (antiepileptics), and oncology
(chemotherapy agents like paclitaxel and doxorubicin). Thus, after a critical appraisal of the study design, sample
size, and clinical applicability, a total of 14 studies have been included that potentially offered various important
information on drug transporter gene polymorphisms and the implications for pharmacogenetics in the Indonesian
population. Thus, this methodology allowed us to systematically review the spectrum of literature relevant to the
synthesis.
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Figure 1. PRISMA flow diagram

Instrument and Procedures

Utilizing a systematic literature review method, this study assessed the prevalence, clinical relevance, and
significance of drug transporter polymorphisms in the Indonesian population. A structured process was employed
to ensure the reliability and validity of data extraction and analysis. In conclusion, this study utilized a multi-step
research process, starting with identifying relevant studies, extracting data, and assessing quality, followed by
synthesis of results to identify patterns and gaps within the field. Twelve studies that fell under the inclusion criteria
were selected, and information pertaining to sample size, study design, genetic variants, pharmacokinetic and
pharmacodynamic outcomes, and therapeutic implications were obtained from each of the studies using a
standardized data extraction framework. The methodological quality of each study was assessed critically, including
statistical robustness, population representability, and clinical applicability. Studies were also assessed for
comparable common findings, inconsistencies and potentially confounding factors to ensure internal and external
validity and findings. Studies that colonized the data of SLC22A1, SLCO1B1, and ABCB1 polymorphisms were
discussed in this paper since these transporters have an essential role in the variability of drug response in Indonesia.
Results were synthesized to note wide trends, gaps in knowledge and future areas for research. This group was
appraised using rigorous methodology, allowing the assessment of the nascent field of pharmacogenetics in
Indonesia to guide future studies toward personalized medicine and clinically informative outcomes for the country.

Data Analysis

Using a qualitative synthesis approach, thematic coding and comparative analysis of drug transporter
polymorphisms were performed on 14 studies that included the Indonesian population. Extracted variables included
sample size, genetic variants, population demographic information, study design, and clinical relevance. SLC22A1,
SLCO1B1, and ABCB1 were chosen as targets based on their crucial involvement in drug transport and their
relevance to drugs frequently prescribed in Indonesia. Polymorphisms in the SLC22A1 (OCT1) gene likely influence
metformin uptake and glycemic control in patients with type 2 diabetes. Variants of the SLCO1B1 ¢.521T7>C have
been associated with statin-induced myopathy, which is essential since Indonesia has one of the highest prevalences

43



https://creativecommons.org/licenses/by/4.0/

Futurity Medicine | Vol. 4, No. 2

of hypercholesterolemia. Polymorphisms within the ABCB1 (MDR1) gene, like C3435T and G2677T, have been
implicated in drug resistance in epileptic patients as well as the outcome of chemotherapy. However, their
distribution and clinical consequences in Indonesians have yet to be explored in-depth. The challenges identified
include small sample sizes, high research costs, and limited access to genetic screening. The study on SLC22A1
polymorphisms in diabetic patients included only 80 subjects, which limits the statistical power for genotype-
phenotype correlation. As with most research on ABCB1 polymorphisms in patients undergoing chemotherapy,
there were several challenges associated with the process of genetic testing due to the relatively high costs and
limited infrastructure. These hurdles point towards greater research funding needs, more standardized
pharmacogenetic guidelines, and better access to genetic testing. From integrating this knowledge, this study
aspires to become a basis of pharmacogenetics advancement in Indonesia to improve drug safety, drug efficacy,
and personalized medicine implementation.

Research Results

Following an extensive review of the existing literature pertaining to polymorphisms of drug transporters within
the Indonesian demographic, a total of 14 relevant studies were discerned. These scholarly investigations examined
a range of transporters implicated in the metabolism of various pharmacological agents, encompassing, but not
limited to, oncology therapeutics (cyclophosphamide, Imatinib, anthracyclines), hypoglycemic medications
(metformin), anticonvulsants (carbamazepine), lipid-lowering agents (simvastatin), Antiplatelet (clopidogrel) and
treatments for tuberculosis. An organized summary of these investigations is presented below for further
consideration:

Table 1. Drug Transporters Polymorphisms Among Indonesian Population Studies

Related Therapeutical References

Agents

Related Drug
Transporter
Polimorphisms

Key Findings

Cancer
Cyclophosphamid

GTSP1A313G 60.4% wildtype (A/A); 29.7% heterozygous (A/G); 9.9%
homozygous mutant (G/G). The G allele (A/G & G/QG) is
correlated with significantly more severe leukopenia
compared with those bearing the wild-type allele (A/A)
(p<0.05)

The frequencies of the SNPs were CC (40%), CT (46%),
and TT (14%). This finding reveals no association
between polymorphism of ABCB1 C1236T and imatinib
response in Indonesian patients, with OR = 0.646 (95%
Cl: 0.283, 1.471; p>0.05

The study noted a decrease in absolute neutrophil
count (ANC) and an increase in levels of anemia during
cycles of chemotherapy (Mean = SD: 5,644.4 +2,962.5
mm3vs. 3,034.8 = 2,049.6 mm3; 12.1 = 1.5 g/dL vs.
11.2 £ 1.3 g/dL) (p< 0.050). There was no association
between GSTP1 polymorphisms and the rates of
anemia and neutropenia (p<0.050). In addition, no
ascertainable deviation from Hardy-Weinberg
Equilibrium (HWE) was observed for the distribution of
ABCB1 and GSTP1 genotypes and alleles (p<0.050).
The findings depicted that no varieties of genetic

[22]

ABCB1 C1236T [Error! Reference source

not found.]

Imatinib

ABCB1, C1236T,
C3435T, G2677T

Antracyclin
[24]

NA OCT1 (SNP from [Error! Reference source

OCT 1; rs12208357,
rs55918055,
rs34130495,
rs34059508 )

mutations were found for the 4 SNPs studied in the 202
Indonesian populations with cancer. The Met420del
variant was identified in only 1.5% of the patients. This
finding is consistent with earlier studies done in
Japanese and Chinese cohorts.

not found.]

Tuberculosis

TB Therapy

ABCB1  rs1128503
and rs1045642

The ABCB1 alleles rs1128503 and rs1045642 displayed
heterogeneous genetic backgrounds (CC, CT and TT),
while that of CYP2E1 rs3813867 was only CC (wild type).
No significant association with duration of tuberculosis
therapy was observed in the individual genetic variations
in ABCB1 and CYP2E1. However, results of this study
could provide insight of ABCB1 (rs1128503 and
rs1045642) and CYP2E1 (rs3813867) in Indonesian
population.

[26]
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TB Therapy SLCO1B1

Polymorphism ¢.463C>A (rs11045819) was absent,
while heterozygous and homozygous polymorphisms of
c.85-7793C>T (rs4149032) were present in 74 (51.0%)
and 56 (38.6%) patients, respectively. For ¢.85-7793C>T
(rs4149032), the minor allele frequency (MAF) for the T
(mutant) allele was found to be 64.13% (186/209), which
was greater than that found in the general population
(MAF for rs4149032, 53.6%) reported in the 1000
Genomes. The frequency of SLCO1B1*15 haplotype was
63.9%.

[27]

Rifampin SLCO1B1 SLCO1B3

Association between the SNPs of the SLCO1B1 gene and
clinical outcome was also observed, where the
SLCO1B1*15 haplotype was linked to susceptibility to
failure of clinical outcome (p=0.005; RR=4.52; 95% ClI:
1.22-16.64). The OATP1B1*15 haplotype showed a
significantly higher risk for failure of clinical outcome than
the three other haplotypes.

[Error! Reference source
not found.]

Diabetes Mellitus

Metformin SLC22A1 Met420del  SLC22A1 Met420del gene did not encounter any AA  [27]
variant (wild type) type, only 4% of subjects had Aa
heterozygote type. The allele frequencies of Aand ain all
subjects were 2.0% and 98.0%, respectively.
SLCO1B1 Polymorphism of c.463C>A(rs11045819) was not found [Error! Reference source

and heterozygous and homozygous polymorphism of
c.85-7793C>T(rs4149032) were discovered in 74
(51.0%) and 56 (38.6%) patients, respectively. The minor-
allele frequency (MAF) of T (mutant) allele of c.85-
7793C>T(rs4149032) is 64.13% (186/209), which was
higher than in general population, the MAF of which the
rs4149032 is 53.6% based on 1000 genome database.

not found.]

OCT1, especially

The minor allele frequency (MAF) for the rs628031
polymorphism within this population was 0.59, with
genotype frequencies for AA, AG, and GG accounting for
16.5%, 48.9%, and 34.6% respectively. The MAF for the
rs623442 polymorphism was 0.20, with genotype
frequencies of 5.4% CC, 29.0% CA and 65.6% AA. This
population did  not contain the rs122083571
polymorphism with  100% genotype CC. In this
population, the genetic polymorphism of OCT1
rs628031 showed relatively high prevalence, while
polymorphism of OCT1 rs623442 was present in only
one-fifth of the studied population.

[Error! Reference source
not found.]

The frequencies of subjects with C allele in ABCB1
C3435T gene were 53%, which was higher than that of T
allele.

[Error! Reference source
not found.]

Genotype do not distribute equally among groups in a
study with 86 cases (61 in the study group and 25 in the
control group) (0.58 vs. 0.42, p = 0.000, chi-square =
0.54). The concentrations of therapeutic doses of
carbamazepine (dCBZ) in the study group were
consistently higher than the therapeutic plasma levels
(pICBZ) across all genotypes. In 37 subjects, criteria
were met for drug-resistant epilepsy (DRE). The
distribution of C and T was 0.63 vs. 0.37 (chi-square =
10.4) and 0.55 vs. 0.45 (chi-square = 6.17, p = 0.019) in
DRV and DRE, respectively. Tukey's multiple comparison
post hoc test showed that, in DRV, CT genotype had
significantly lower dCBZ(330.36 £ 174.91 mg) and plCBZ
(7.15 £ 2.64 mcg/mL) than all genotypes in DRE. Despite
an average dCBZ dose of ~800 mg, plCBZ levels
exceeded the toxiclevel with the highest levels detected
in TT individuals.

[Error! Reference source
not found.]

rs628031,
rs122083571, and
rs623442

Epilepsy

Carbamazepine ABCB1C3435T

Carbamazepine MDR1 C3435T

Cholesterol

Simvastatin SLCO01B1, SNP
c.521T7>C

In a study, which consisted of a total of 71
hypercholesterolemia patients, the SNP ¢.521T>C was
presentin 9.9% of patients. Chi-square analysis revealed

[Error! Reference source
not found.]
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no significant association between the SNP ¢.521T>C (TC
genotype) and flow-mediated dilation (FMD) (p =
0.973). However, logistic regression analysis showed
that use duration of simvastatin medication was
associated with an increased incidence (Adjusted Odds
Ratio [Adj. OR] = 2.424; Confidence Interval [CI] = 1.117-
5.260, p = 0.025) and a decrease in systolic blood
pressure (Adj. OR = 0.92; Cl=0.025-0.333, p = 0.001

Stroke
Clopidogrel ABCB1 C1236T ABCB1 C1236T homozygote wildtype linked to higher [Error! Reference source
bleeding risk. 12.9% of subjects were non-responsive to  not found.]
clopidogrel. Genotype frequencies: C3435T (35.9% CC,
43.5% CT, 16.9% TT). Genotype frequencies: C1236T
(17.8% CC, 39.5% CT, 42.7% TT).No significant
association found for C3435T and clopidogrel

responsiveness. Monitoring for bleeding risk is essential
in clopidogrel use.

Population Representation in Included Studies

Population and ethnic representation were not consistently reported across the 14 studies reviewed. Out of the
abovementioned studies, seven studies specified the ethnic background of participants; four studies involved
Javanese populations, one study involved Balinese participants, one study involved Sundanese participants and
one mixed multi-ethnic sample study from North Sumatra consisting of Bataknese, Acehnese, Malay, and Chinese-
Indonesian (Tionghoa) individuals. The remaining studies did not report specific identities, although the studies’
locations (Jakarta, Yogyakarta, Surabaya and Samarinda) allow for limited inference. Most studies were focused on
western and central Indonesia, namely Java, Sumatra, and Bali. There was only one study from Kalimantan
(Samarinda, East Kalimantan), and no ethnic demographics were reported. None of the studies included
participants from Eastern Indonesia, including Sulawesi, Nusa Tenggara, Maluku or Papua-regions that are
genetically diverse and are under study in biomedical research. Such geographical and ethnic concentration may
not be representative of the current findings and may prevent the implementation of pharmacogenetic findings
from being equitably implemented in the heterogeneous Indonesian population. Studies that can be designed and
published to engage individuals from minority ethnicities and global areas will enhance the diversity of future
pharmacogenetic research and its relevance to individual diversity. This is critical to the development of personalized
medicine that is scientifically sound and socially equitable. Ethnic and geographic representation is summarized in
Table 2.

Table 1. Population and Ethnic Representation in Included Studies

Author (year) Study Location Reported or Inferred Ethnic Group Total Participants

1 Hasni et al. (2016) Medan (North Bataknese (45.1%), Javanese (33.3%), 91
[22] Sumatera) Acehnese (9.9%), Malay (8.8%), others (3.3%)
2 Rinaldi et al. Jakarta Not reported 120
(2019) [Error!
Reference
source not
found.]
3 Syarifah et al. Medan (North Bataknese (49.3%), Javanese (32.6%), 138
(2022) [24] Sumatera) Acehnese (11.6%), Tionghoa (0.7%), Malay

(3.6%), Minangkabau (2.2%)

4 Perwitasari et al. Yogyakarta Not reported 202
(2014) [Error!

Reference
source not
found.]
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Barliana et al.
(2021)[26]

Jambi (Central
Sumatera)

Not reported

50

Santoso et al.
(2022)[27]

Bandung (West Java)

Sundanese (92.4%), Javanese (4.8%),
Ambonese/South Moluccans (0.7%),
Bataknese (0.7%), Buginese (0.7%),

Minangnese (0.7%)

145

Ang et al. (2018)
[Error! Reference

source not
found.]

Samarinda (East

Kalimantan)

Not reported

36

Ningrum et al.

(2019)[27]

Yogyakarta

Javanese

100

Ningrum et al.

(2018) [Error!
Reference
source not

found.]

Yogyakarta

Javanese

86

10

Aryastuti et al.

(2022) [Error!
Reference
source not

found.]

Bali

Balinese

133

11

Istikharah et al.

(2020) [Error!
Reference
source not

found.]

Yogyakarta

Javanese

100

12

Budikayanti et al.

(2023) [Error!
Reference
source not

found.]

Jakarta

Not reported

86

13

Andrianto et al.

2022 [Error!
Reference
source not

found.]

Surabaya (East Java)

Not reported

71

14

Hidayat et al.
2024 [Error!
Reference
source not
found.]

Jakarta

Not reported

124

Discussion

Genetic variation in drug transporters has emerged as a key determinant of interindividual variability in drug
disposition and, consequently, drug action and toxicity. This study aimed to explore polymorphisms in clinically
relevant drug transporters, including ABCG2, SLCO1B1, and SLC22A1, based on their possible roles in the
genetically heterogeneous Indonesian population. These questions need to be answered to optimize
pharmacotherapy in Indonesia by implementing personalized medicine.

For the first research question, the top three most published drug transporter polymorphisms within the
Indonesian population are as follows: SLCO1B1 (rs4149056), SLC22A1 (Met420del, rs628031), and ABCB1
(rs1045642, rs2032582). These have mostly been studied in Javanese, Sundanese, Balinese, and Bataknese. Out of
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14 studies included, 5 reports were related to ABCB1, 3 to SLCO1B1, and others to OCT1, SLC22A1, and GTSP,
confirming their local relevance. One caveat to this is that these findings may still underestimate the actual diversity
of transporter polymorphisms in Indonesia due to the limited geographical sampling and relatively small cohort
sizes.

Polymorphisms affect drug pharmacokinetics and pharmacodynamics by modifying absorption, distribution,
metabolism, and excretion (question 2). SLCO1B1 polymorphisms, for example, lessen the hepatic uptake of statins
and increase systemic concentrations and the risk of side effects [36-42]. Variants of SLC22A1 mediate hepatocyte
transport of metformin and thus mediate its glucose-lowering efficacy [43-50]. Variants of ABCB1 have been
associated with differential responses to cancer chemotherapy and antiemetics[18,19,23,24,33]. These findings are
in line with studies from other regions, such as Africa, describing ethnicity-related transporter effects [51,52].
However, notwithstanding all overlaps, there are still genotype-drug response relationships that are population-
specific , highlighting the role of local research.

In terms of the 3rd research question, associations between transporter polymorphisms and clinical responses or
adverse events have been evident from previous work. As an example, variants in SLCO1B1, an OAT3 variant, are
associated with statin-induced myopathy [39,40], ABCB1 polymorphisms with clopidogrel resistance [35] and
chemotherapy-induced nausea [18]. Observational studies have shown that SLC22A1 polymorphisms exert
differential effects on metformin pharmacokinetics and glycemic response based on allele type and patient
phenotype [43-50]. Nonetheless, variation between the findings of some studies may be due to a small sample size,
a lack of ethnic diversity, or differences in study design. Further clinical studies, ideally designed in a prospective
manner and associated with pharmacodynamic outcomes are required to validate these relationships in the
Indonesian setting.

Several key challenges related to infrastructure (e.g., no national pharmacogenomic databases), underfunded
research, and a lack of awareness among clinicians hamper the integration of pharmacogenetics in Indonesia,
answering the fourth research question [15,16]. Also, the differences between international guidelines and local
clinical practice worsen things [17]. The solutions consist of investment in next-generation sequencing [13],
education of healthcare workers, supportive policy, and building specific guidelines for the population.
International collaborations with consortia like the Pharmacogenomics Global Research Network [2] may also
accelerate implementation via knowledge and resource sharing.

Concerning the fifth research question, Indonesia's impressive genetic diversity is both an opportunity and a
challenge. Although it allows very precise pharmacogenetic strategies, population-based studies have shown
significant underrepresentation from Sulawesi, Maluku, Nusa Tenggara, and Papua in research to date. As xenobiotic
transporters display ethnic specificity in pharmacogenomic studies, country-wide genotype-specific
recommendations must be validated using regionally representative sampling. Public databases like PharmFreq[14]
provide a good starting point but require local efforts to ensure their contention.

Our study revealed that the most important transporter polymorphisms were ABCG2 rs2231142, SLCO1B1
rs4149056, and SLC22A1 Met420del [53]. These achieve genome-wide significance thresholds and replicated
associations with drug response. Polymorphisms in SLCO1B1 and ABCG2 have been associated with altered
responses to statins {34,36-42], allopurinol [54,55], methotrexate [56-58] and cardiovascular agents [34,35], and
SLC22A1 variants affect metformin [43-50], sumatriptan and others [59-61]. In vitro and clinical studies confirm the
functional significance, with decreased transporter activity and expression associated with altered systemic drug
concentrations.

From a clinical perspective, these polymorphisms matter in treating diseases common in Indonesia, such as
tuberculosis, cancer, diabetes, and cardiovascular disease. Because drugs such as rifampicin, metformin, statins,
and chemotherapeutics are widely used and transporters are known to modulate the pharmacokinetics of these
drugs, transporter genotyping may guide safer and more effective treatment strategies. Ongoing research
demonstrates that transporter genotypes can influence therapeutic drug response as well as toxicity risk. This
genotype was shown to be associated with imatinib resistance in chronic myeloid leukemia and altered
carbamazepine levels in epileptic patients [23,33].

Unexpected variability in the extent of clinical association, most notably in SLC22A1 and metformin studies, also
exists. The variability in clinical outcomes is likely due to differences in genotype frequency, environmental factors,
including dietary factors and other broader exposure, such as to pesticides [10], or modulation by transcriptional
factors, including PXR and CAR [3,12]. In addition, epigenetic mechanisms or inflammation may also result in inter-
individual variation of transporter expression at the cellular level, ultimately complicating genotype-phenotype
correlations [4,5]. These layers of complexity further highlight the importance of taking a holistic approach that
incorporates genetic, environmental, and physiological fggtors in personalized medicine.
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Probably the most outstanding limitation is the underrepresentation of eastern Indonesian ethnic groups. Most
studies focus on Java, Sumatra or Bali, with very few on Sulawesi, Maluku, Nusa Tenggara or Papua. This limits the
relevance of current pharmacogenetic findings [27]. Other challenges are the limited availability of molecular
diagnostic tools, inconsistency in clinical documentation, and impeding genotype-phenotype outcome datasets.
Overcoming these obstacles will necessitate systemic enhancements to data infrastructure, research funding, and
regulatory frameworks.

This review is brazenly beneficial for science, as it endeavors to mend the jumbled data about transporter
polymorphisms into a single gist yet bred a framework that is unique to Indonesia. Our work synthesizes disparate
results into a unified framework for the application of precision medicine. Our identification of transporter genes
meeting international validation criteria [53] is of scientific novelty; it provides evidence for the prioritization of
transporter genes in local research and practice [53]. In addition, this work contextualizes findings across the
Indonesian healthcare landscape and provides strategic priorities to ensure the equitable application of findings.

Future pharmacogenetic studies in Indonesia should include strategies of inclusive samples in addition to
economic evaluation to determine feasibility. A national database summarizing transporter allele frequencies and
their clinical implications would be of tremendous help to clinicians and researchers making evidence-based
decisions. The integration with electronic medical records and the generation of clinical decision support tools
would further facilitate the application of pharmacogenetics in daily practice.

These transporter polymorphisms should be an excellent approximation for explaining the interindividual
variability with respect to drug response in Indonesia, particularly ABCG2, SLCO1B1, and SLC22A1 polymorphisms.
Filling gaps in infrastructure, continuing to support equitable research, and coordinating the integration of
pharmacogenetics into clinical workflows will ensure equitable access to personalized medicine nationwide.
Genomic advances will, however, need to be translated into health improvements, and that will require
collaboration between researchers, clinicians, policy-makers and the wider public that funds this work.

Conclusions and Implications

This review serves as an additional reminder of the significant impact of drug transporter polymorphisms in terms
of pharmacokinetics, pharmacodynamics, and clinical treatment outcomes. Pharmacogenetics's introduction into
Indonesia's health care system is vital in advancing personalized medicine, improving therapeutic efficacy and
safety. However, as current studies are predominantly based in Java, Sumatra, Bali, and parts of Kalimantan, there
are limits to their applicability to populations at large. For fair pharmacogenomic implementation, we need more
inclusion from underrepresented territories, particularly Eastern Indonesia. We propose creating a national
pharmacogenetic policy framework to aid this integration, including supportive genetics research funding, clinical
guideline creation, workforce development, and public engagement initiatives. These efforts will enhance
evidence-based, equitable and sustainable personalized healthcare across Indonesia.

Limitation

Several limitations may restrict the scope and applicability of its findings, which this review recognizes. First, the
literature search was restricted to the PubMed database and English-language articles, which may have missed
relevant studies published in other languages or indexed in local and regional databases. Another factor is the small
sample size of many of these studies, reducing the statistical power to detect robust associations and the external
validity of the results. Third, the heterogeneity of methods across studies (e.g., differences in study design,
genotyping techniques and outcome measures) made it difficult to synthesize consistent conclusions. Finally, the
geographic and ethnic diversity of the study populations is limited and would not fully capture Indonesia’s genetic
diversity landscape. These limitations emphasize the necessity of conducting future large-scale, multi-center
studies encompassing diverse populations, standardized methodologies, and a wider range of data sources to
reinforce the evidence base for pharmacogenetics and facilitate its incorporation into personalized healthcare
strategies in Indonesia.

Suggestion for Future Research

Future Indonesian pharmacogenetic studies during 2025-2030 should focus on several already recognized
priorities. First, there is an urgent need for population-based studies mapping the distribution of key transporter
gene polymorphisms, such as SLCO1B1, SLC22A1, ABCB1, and ABCG2, in diverse ethnic groups, especially in
underrepresented regions such as Sulawesi, Maluku, Nusa Tenggara and Papua. Clinical validity over the impact of
these polymorphisms on drug response and adverse effects needs to be established in the implementation of
popular drugs used in Indonesia, e.g., statins, metformins, tamoxifen and anti-tuberculosis drugs. Third, the research
should facilitate developing and validating genotype—%gided dosing algorithm models, particularly for narrow
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therapeutic indices such as warfarin or phenytoin, to ascertain their feasibility in Indonesian clinical scenarios.
Furthermore, establishing a national pharmacogenomic database summarizing frequencies of variants and their
associated clinical outcomes would serve as a useful reference point for practicing physicians and research
scientists. It will also be critical to strengthen local capacity by introducing advanced technologies like next-
generation sequencing and investing in the education and training of health professionals. By working hand-in-
hand, such focused efforts will facilitate the implementation of pharmacogenetics into the Indonesian healthcare
system and enable the distribution of personalized medicine across the country in an evidence-based manner.
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