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Fluoropyrimidine (FP) chemotherapy drug is uti lized 
to treat colon, head, neck and breast cancers. Apart 
from its eff ecti veness, toxicity is a limitati on. DPD 
(dihydropyrimidine dehydrogenase) enzyme, which 
aids in the FP metabolism is produced by the highly 
polymorphic DPYD gene. Mutati ons in the DPYD gene 
cause the defi ciency or non-functi onality of the DPD 
enzyme which varies among diff erent populati ons. 
This research aimed to compare allele frequencies of 
common DPYD gene variants of South Asians (SAS) 
such as DPYD*2A(rs3918290), DPYD*9(rs1801265), 
DPYD*5, rs2297595, DPYD*6, rs17376848, 
rs56038477, DPYD*4(rs1801158), rs67376798 and 
rs75017182 with Africans (AFR), Amish (AMI), Lati n 
Americans (AMR), Ashkenazi Jewish (ASJ), East 
Asians (EAS), Finnish (FIN) and Non-Finnish (NFE). 
Allele frequencies were obtained from the Genome 
Aggregati on Database in the PharmGKB database. Χ² 
analysis was performed. p<0.05 was deemed to be 
stati sti cally signifi cant. The study found a signifi cant 
diff erence between the SAS populati on and AFR, 
AMR, ASJ, EAS, FIN and NFE populati ons for the 
DPYD*9A gene variant, except for the AMI populati on. 
The distributi on of the DPYD*2A gene variant of 
SAS was found to be signifi cant in the AFR, ASJ, FIN 
and NFE populati ons, except for AMR and AMI. The 
prevalence of DPYD*5, DPYD*6, rs17376848, and 
rs56038477 in the SAS signifi cantly diff ered from all 

above-menti oned populati ons. The distributi on of the 
rs75017182 gene variant in SAS has shown signifi cant 
diff erences with AFR, AMR, ASJ and EAS except for 
NFE and FIN. This study highlights the variati ons in 
pharmacogenomics data specifi c to populati ons that 
could lead to personalized medicine and the need for 
DPYD genotyping before cancer treatment, especially 
in SAS communiti es where clinically signifi cant 
geneti c variati ons and haplotypes occur. Study 
fi ndings pinpoint the potenti al contributi on of DPYD 
gene variati ons to individual variability in anti -cancer 
dosage requirements among SAS. 
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icine; Fluoropyrimidine; Fluoropyrimidine toxicity; 
South Asians

Introducti on

FP is a chemotherapy drug discovered in the 1950s 
for cancer treatments. It disrupts the producti on 
and functi on of DNA and RNA by preventi ng cell 
division and cell death (Lamont & Schilsky, 1999). 
However, FP toxicity remains a signifi cant concern 
in prescribing FP chemotherapy drugs, including 
5-Fluorouracil and Capecitabine. Its effi  cacy is limited 
by chemotherapy resistance and causes various side 
eff ects including skin toxicity, mucositi s, fati gue, 
hand-foot syndrome, multi organ failure, diarrhea and 
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myelosuppression. In some cases, side eff ects can be 
fatal. However, the percentage of pati ents who die 
due to FP-related toxicity is less than 1% (Lunenburg 
et al., 2020). DPYD gene has been the major focus 
of research on FP toxicity, while TYMS and MTHFR 
have been investi gated for effi  cacy (Amirfallah et al., 
2018). DPYD gene is located on chromosome 1p21 
with 23 exons, it produces the DPD enzyme which 
metabolizes FPs. Several DPYD variati ons were found 
to be linked with FP toxicity (Hishinuma et al., 2020). 
Notably, low or insuffi  cient DPD enzyme acti vity 
varies signifi cantly across the populati on, with at 
least 3-5% of individuals (Amstutz et al., 2011). This 
variati on in FP toxicity cases can be identi fi ed due 
to the diff erences in the distributi on of SNPs linked 
to FP toxicity. This poses a signifi cant challenge for 
healthcare professionals globally, in the realm of 
personalized medicine, when it comes to prescribing 
medicati on for cancer pati ents who experience FP 
toxicity. 

For instance, DPYD *2A (rs3918290), rs67376798, 
HapB3, rs56038477, rs75017182, and DPYD*13 
(rs55886062) gene variants have been found to 
cause issues in Caucasians (Henricks et al., 2018). 
These polymorphisms can predict FP toxicity among 
Caucasian carriers, but their impact on non-Caucasian 
carriers varies greatly. For instance, the rs5588602 
gene variant is not present in SAS but in 0.2% of 
European Caucasians. 

The current literature in Sri Lanka and the global 
context does not represent a comparison of 
DPYD gene variant frequencies of SAS with world 
populati ons, which could limit the understanding of 
DPYD variati on worldwide. Therefore, this study’s 
fi ndings would unveil the potenti al impact of global 
DPYD variati on on anti -cancer treatments. This 
understanding may guide global healthcare systems 
to ensure medicati on safety by implementi ng 
personalized medicine to improve therapeuti c safety 
and effi  cacy for every individual using FP drugs in the 
world including SAS. 

In this research the frequencies of most commonly 

prevalent DPYD gene variants in SAS such as 
DPYD*2A (rs3918290), DPYD*9(rs1801265), DPYD*5, 
rs2297595, DPYD*6, rs17376848, rs56038477, 
DPYD*4(rs1801158), rs67376798 and rs75017182 
(White et al., 2021) (Maekawa et al., 2007) 
(Hariprakash et al., 2018) were compared with 
world populati ons such as AFR, AMI, AMR, ASJ, EAS, 
FIN and NFE. The allele frequencies were obtained 
from the Genome Aggregati on Database in the 
PharmGKB database. The PharmGKB is a centralized 
locati on for Pharmacogenomic data used by medical 
professionals, which contains geneti c data from 
various sources managed by the Nati onal Insti tute of 
General Medical Sciences of the Nati onal Insti tutes 
of Health and the Pharmacogenomics Research 
Network.

Methodology 

The most common DPYD gene variants involved 
in FP toxicity among SAS and their reference SNP 
cluster IDs were identi fi ed aft er a thorough literature 
review (White et al., 2021) (Naushad et al., 2021) 
(Hariprakash et al., 2018). Allele frequencies, sample 
sizes, the gene’s wild-type number and the mutati on 
numbers of rs3918290(DPYD*2A), rs1801265 
(DPYD*9A), rs1801159 (DPYD*5), rs2297595, 
rs1801160 (DPYD*6), rs17376848, rs56038477, 
rs1801158(DPYD*4), rs67376798 in SAS, AFR, AMR, 
EAS, FIN, NFE, ASJ and AMI were retrieved from 
the Genome Aggregati on Database in PharmGKB 
Database. Allele frequencies of SAS and other world 
populati ons (positi ve and negati ve SNP values) 
were compared using χ² test of independence to 
determine an associati on between the gene variant 
frequencies of SAS with other world populati ons. 
70 χ² analyses were performed. The signifi cance of 
each fi nding was calculated using the p-value. p < 
0.05 was considered signifi cant. The null hypothesis 
of this study suggested that the distributi on of DPYD 
gene variants in SAS is not signifi cantly diff erent from 
other world populati ons, whereas the alternati ve 
hypothesis suggested that the distributi on of DPYD 
gene variants in SAS is signifi cantly diff erent from 
other world populati ons.
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Results

Table 1 consists of extracted allele frequencies of 
DPYD gene variants in diff erent populati ons (SAS, 
AFR, AMI, AMR, ASJ, EAS, FIN, and NFE) from the 
Genome Aggregati on Database in the PharmGKB 
Database. Table 2 shows the p-values of the world 
populati on compared to SAS. DPYD*5, rs17376848, 
DPYD*6, rs56038477: Obtained p-values less than 
0.05 for all populati ons compared to SAS. 

rs67376798: Obtained p-values higher than 0.05 for 
all populati ons compared to SAS. DPYD*2A: AFR, ASJ, 
FIN, AMI and NFE populati ons, have shown p-values 
less than 0.05 when compared with SAS. AMR and 
AMI have shown p-values greater than 0.05. 

DPYD*9A: Demonstrated p-values less than 0.05 
when compared SAS with AFR, AMR, ASJ, EAS, FIN, 
and NFE populati ons and a p-value greater than 0.05 
was obtained for the AMI populati on compared to 
SAS.

rs2297595: Demonstrated p-values less than 0.05 for 
AFR, AMI, ASJ, EAS, FIN and NFE when compared with 
SAS. A p-value greater than 0.05 was demonstrated 
when the AMR populati on was compared with SAS. 

DPYD*4 (rs1801158): AMR, ASJ, EAS and FIN have 
demonstrated p-values less than 0.05 when compared 
with SAS while AFR, NFE and AMI individuals obtained 
greater p-values (>0.05). rs75017182: p-values less 
than 0.05 were obtained for AFR, AMR, ASJ and 
EAS compared to SAS. A p-value greater than 0.05 
were obtained for NFE, and FIN compared to SAS 
individuals.

Discussion

This study has examined the distributi on of common 
DPYD gene variants in SAS compared to other world 
populati ons. We hypothesized that the distributi on 
of DPYD variants in SAS populati ons would diff er 
from that of other groups worldwide. According to 
the fi ndings, the frequencies of DPYD*5, rs17376848, 
DPYD*6, and rs56038477 gene variants in SAS are 
completely diff erent from other world populati ons 
(Table 2). However, the frequency of rs67376798 
in SAS shows a similar patt ern with all other world 
populati ons (Table 3). Based on the study’s fi ndings, it 
was observed that the p-values of DPYD*2A for AFR, 
ASJ, FIN, AMI and NFE populati ons, compared with 
SAS, were less than 0.05. This implies a noteworthy 
diff erence in the distributi on of the DPYD*2A gene 
variant between      SAS and the above-menti oned 
populati ons. While, AMR and AMI have shown 
p-values greater than 0.05, which implies that there 
is no signifi cant diff erence between the DPYD*2A 
allele distributi on in AMR and AMI compared to 
SAS. Moreover, a signifi cant diff erence was found 
between the SAS populati on and AFR, AMR, ASJ, EAS, 
FIN, and NFE populati ons for DPYD*9A (See Table 2) 
suggesti ng a notable variati on in the frequency of the 
DPYD*9A gene variant between SAS individuals and 
the populati ons menti oned above. However, there 
was no signifi cant diff erence in the distributi on of 
DPYD*9A in the AMI populati on compared to SAS 
(Table 2). Furthermore, the study found that the 
frequency of the rs2297595 gene variant in SAS diff ers 
signifi cantly from populati ons like AFR, AMI, ASJ, 
EAS, FIN, and NFE (This diff erence was established 
by obtaining a p-value of less than 0.05) indicati ng a 
notable variati on in the frequency of the rs2297595 

Table 1. Extracted allele frequencies of DPYD gene vari-
ants in diff erent populati ons from the PharmGKB Data-
base (Genome Aggregati on Database)

Table 2.  p values of chi-square analysis of DPYD gene 
variants
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gene variant, whereas, no signifi cant diff erence was 
found in between SAS with AMR populati on for the 
rs2297595. A signifi cant diff erence was found in the 
frequency of the DPYD*4 (rs1801158) gene variant 
between SAS individuals and in AMR, ASJ, EAS and 
FIN individuals. However, no signifi cant diff erence 
was found in the distributi on of DPYD*4 (rs1801158) 
in AFR, NFE and AMI individuals compared to SAS.

Furthermore, according to the analysis, the 
distributi on of allelic frequency of the rs75017182 
gene variant across populati ons such as AFR, AMR, 
ASJ and EAS individuals was found to be signifi cantly 
disti nct (p-values for all these populati ons were 
calculated to be less than 0.05). Nonetheless, 
no signifi cant diff erence was observed in the 
distributi on of rs75017182 in NFE, FIN compared to 
SAS individuals.

In summary, considering the gene variants and their 
frequencies distributed in SAS would likely establish 
a relati onship with other world populati ons. From 
the perspecti ve of pharmacogenomics, if the 
p-value is lower than 0.05, the p-value is stati sti cally 
signifi cant. In other words, a signifi cant diff erence 
can be found in the distributi on of DPYD gene 
variants in SAS with other populati ons. Therefore, 
the number of hypersensiti ve reacti on cases that 
might occur upon the administrati on of FP among 
cancer pati ents in SAS would vary compared to other 
world populati ons. Vice versa, if the p-value is higher 
than 0.05, the p-value is not stati sti cally signifi cant. In 
other words, no signifi cant diff erence can be found in 
the distributi on of gene variants in other populati ons 
compared to SAS. Therefore, the number of 
hypersensiti ve reacti on cases that might occur upon 
the administrati on of FP in cancer pati ents would 
probably be similar. 

However, factors such as environmental eff ects, 
other gene variants that aff ect gene expression and 
disease heterogeneity should be further considered 
to determine the likelihood of hypersensiti vity 
occurrence between two populati ons. Gender, 
age, kidney functi onality and body compositi on are 

linked to FP toxicity within populati ons (Knikman 
et al., 2021). Therefore, further studies should be 
to study the associati on of the above-menti oned 
factors with the distributi on of DPYD gene variants 
across world populati ons. Moreover, some 
studies have demonstrated that the prevalence of 
functi onal variati ons may vary signifi cantly owing to 
ethnicity. Gene variati ons might be due to natural 
selecti on, gene fl ow, mutati ons, geneti c drift , and 
environmental eff ects. According to Farinango et 
al., in 2022, populati ons of European descent have 
a lower prevalence of DPYD variati ons (around 
3-5% with parti al insuffi  ciency and 0.02% with 
total defi ciency). SAS, AFRs and some          Middle 
Eastern ethniciti es have a greater incidence of DPYD 
variati ons (Farinango et al., 2022).

In contrast to other populati ons worldwide, the 
prevalence of variati ons in the DPYD gene among SAS 
provides fascinati ng insights into geneti c diversity 
and potenti al clinical implicati ons. This study has 
shown that there are both similariti es and diff erences 
in the frequency of DPYD variants across the world 
populati on compared to SAS. Past literature also has 
shown that populati ons exhibit disti nct patt erns of 
DPYD gene variati ons compared to other populati ons. 
Moreover, in Caucasian populati ons, the most 
prevalent DPYD polymorphism, such as DPYD*2A, is 
less prevalent than in other ethnic groups and has a 
similar prevalence in EAS populati ons as Caucasians 
(Farinango et al., 2022). For instance, DPYD*2A 
(rs3918290) allele frequency is very low or zero 
in SAS and Japanese populati ons (0.05% and 0%) 
however it is slightly higher in American-Caucasian 
(2.5%) and European-Caucasians (1.5%) (Farinango et 
al., 2022). Other variati ons with potenti al functi onal 
signifi cance, such as DPYD*4A, may have higher 
frequencies in EAS populati ons. 

Furthermore, the understanding of common DPYD 
gene variati ons in SAS compared to other populati ons 
globally is important in the era of personalized 
medicine. Despite regional diff erences, some DPYD 
gene variants may exhibit consistent frequencies 
across diverse populati ons. Therefore, the “one fi ts 
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all” theory should be eliminated when prescribing 
chemotherapy drugs to pati ents who might have 
mutati ons in their genes. Although clinicians’ current 
understandings of personalized medicine and 
pharmacogenomics may not apply to all ethniciti es 
due to incomplete genotyping of relevant variants in 
Laboratories worldwide. For instance, non-western 
countries focus only on specifi c DPYD variants, 
such as the DPYD*2A allele, which is the most 
widely detected and tested mutati on in commercial 
genotyping platf orms. Therefore, DPYD sequencing 
as a screening method for identi fying pati ents at 
considerable risk of toxicity must be developed to 
personalize the FP chemotherapeuti c medicines. 
This would lead to reduce the side eff ects and the 
burden due to FP toxicity among cancer pati ents 
which would save ti me and money. Moreover, 
primary research exploring the disti ncti ons of DPYD 
gene variants in diverse populati ons is essenti al 
for advancing precision medicine initi ati ves and 
opti mizing therapeuti c approaches based on geneti c 
diversity and individual pati ent profi les. The major 
drawback of this study is the use of secondary data 
from the PharmGKB database. The secondary data 
accuracy level may depend on the data collecti on 
processes and the quality of the primary research. 
In contrast, by identi fying diff erences and similariti es 
in the frequency of DPYD variants, researchers can 
design specifi c drugs that target specifi c ethniciti es.

Conclusion

This study thoroughly examines the geneti c diversity 
in the DPYD gene in several ethniciti es compared 
to SAS. The results indicate notable dispariti es 
in the occurrence rates of medically signifi cant 
DPYD gene variati ons and geneti c patt erns across 
SAS compared to those of European, African, and 
EAS descent. A signifi cant diff erence was found in 
DPYD*5, rs17376848, DPYD*6(rs1801160), and 
rs56038477 gene variants between SAS individuals 
and other populati ons. rs67376798 in SAS shows 
a probable similar patt ern with other world 
populati ons. Moreover, this study impacts tailoring 
chemotherapy dosages and reducing the risk of 

toxicity in SAS pati ents, considering their parti cular 
DPYD genotypes. In brief, this study emphasizes 
the signifi cance of having pharmacogenomics data 
tailored to diff erent populati ons to guide personalized 
medicine approaches which would highlight the 
potenti al advantages of DPYD genotyping before 
treatment, especially in SAS communiti es where 
clinically relevant geneti c variati ons and haplotypes 
are prevalent.
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