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Conclusion  The study underscores the importance of 
XRCC1 polymorphisms, particularly XRCC1 Arg280H 
and XRCC1 Arg194Trp, within the genetic framework of 
OC and OPC. Understanding these genetic associations 
provides valuable insights for the potential development of 
targeted interventions aimed at individuals predisposed to 
these conditions.

Keywords  Genetic polymorphism · Oral cancer · OGG1 · 
APE1 · XRCC1

Introduction

Cancer, a complex outcome of dysregulated cell division 
and genetic mutations, remains a formidable global health 
challenge. The World Health Organization (WHO) projected 
over 20 million new cancer cases and more than 10 million 
deaths worldwide in 2021 [1], underscoring the urgent need 
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associated with DNA repair mechanisms to enhance the 
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chewing habits, with corresponding control groups estab-
lished. Key genetic markers investigated for polymorphisms 
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Results  The XRCC1 Arg280H variant demonstrated sig-
nificant associations with the susceptibility to both OC and 
OPC across various models. Further analyses, incorporating 
factors such as tobacco and alcohol consumption, unveiled a 
correlation between the XRCC1 Arg194Trp variant and an 
elevated risk of developing head and neck cancer. Stratified 
analyses also revealed an increased risk of OC or OPC based 
on the specific site of the cancer.
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for advanced approaches to early detection and intervention 
[2].

This study focuses on oral cancer (OC), ranking as the 
sixth most prevalent cancer globally, with particular atten-
tion to its impact in Asia. Late-stage diagnoses, observed in 
approximately 70% of cases, result in a dismal five-year sur-
vival rate of about 20% [3]. Recognized risk factors include 
tobacco usage, betel-quid chewing, alcohol consumption, 
inadequate oral hygiene, poor dietary habits, and viral infec-
tions such as human papillomavirus (HPV) [4, 5]. Genetic 
variations within DNA repair genes, crucial for maintaining 
genomic stability, play a pivotal role in the complex origins 
of oral cancer.

The DNA repair mechanism, pivotal for correcting 
genetic damage and preventing mutations, encompasses a 
intricate network of genes. Notably, the OGG1 gene located 
on chromosome 3p25, responsible for encoding the 8-oxoG 
repair enzyme, harbors a polymorphism (1245C > G) associ-
ated with an increased cellular mutation rate, contributing to 
various cancers, including oral cancer [6]. Playing a crucial 
role in DNA repair mechanisms and combating oxidative 
stresses within cells, apurinic/apyrimidinic endonuclease 1 
(APE1) serves as a versatile enzyme essential for preserving 
genome stability. Its involvement in DNA repair processes 
correlates with resistance to anticancer drugs, mitigating the 
effects of radiotherapy, promoting tumor aggressiveness, and 
predicting unfavorable prognoses. [7].

Situated on chromosome 19q13.2, XRCC1 encodes a 
crucial protein involved in rectifying single-stranded DNA. 
Alterations in XRCC1, such as (C > T) in exon 6, (G > A) 
in exon 10, and (G > A) in exon 9, impact DNA repair effi-
ciency and are associated with cancer development. Under-
standing these genetic nuances is pivotal for unraveling the 
intricacies of oral cancer etiology [8, 9].

Advancements in science and technology have led to the 
emergence of innovative diagnostic methodologies, surpass-
ing conventional approaches. In this regard, the identifica-
tion and comprehension of genetic polymorphisms within 
DNA repair genes hold promise for early detection of oral 
cancer. These genetic markers can serve as valuable indica-
tors, enabling targeted screening and personalized interven-
tion strategies, addressing the broader spectrum of cancer 
detection [10, 11].

The emphasis on early detection as a cornerstone for miti-
gating oral cancer-related fatalities underscores the urgent 
need for noninvasive, rapid, and accurate detection meth-
ods. Healthcare professionals, equipped with knowledge of 
both clinical and genetic markers, play a pivotal role in early 
identification, promptly referring patients for further evalu-
ation [12]. Furthermore, comprehensive cost-effectiveness 
analyses are imperative to assess the feasibility of screening 
programs and evaluate the economic and societal implica-
tions of these genetics-based diagnostic approaches [13].

Integrating the understanding of DNA repair genes into 
the broader context of oral cancer not only enhances our 
understanding of its etiology but also lays the groundwork 
for innovative, personalized strategies in early detection 
and intervention. The convergence of genetic insights and 
advanced diagnostics holds the key to transforming the tra-
jectory of oral cancer outcomes on a pan-Asian scale and 
beyond [4, 14].

Materials and Methods

Subjects

Before becoming part of the research study, all individu-
als willingly provided informed, written consent. The scope 
of this case–control study included 150 patients exhibit-
ing OPC lesions, 110 individuals diagnosed with OC, and 
120 healthy volunteers who actively participated. A com-
prehensive questionnaire was administered to collect per-
sonal information, including demographics (age, gender, 
and employment), family and personal history, habits, and 
specific details about tobacco use (smoking or smokeless). 
General and systemic examinations, along with clinical 
investigations, were meticulously documented.

The participants were categorized into three primary 
groups based on their characteristics. The first group com-
prised OC cases with tobacco use (60 out of 110), further 
divided into males (40 out of 60) and females (20 out of 60), 
as well as OC cases without tobacco use (50 out of 110), 
with males (30 out of 50) and females (20 out of 50). The 
second group included OPC cases with two subgroups—
those with tobacco use (80 out of 150), males (45 out of 
80) and females (35 out of 80), and those without tobacco 
use (70 out of 150), with males (40 out of 70) and females 
(30 out of 70). The third group constituted healthy controls, 
again with tobacco use (60 out of 120), males (35 out of 
60) and females (25 out of 60), and without tobacco use (60 
out of 120), with males (30 out of 60) and females (30 out 
of 60).

Ethical guidelines set by the institutional ethics com-
mittee were strictly adhered to throughout the experiment, 
with all research activities conducted post-approval from 
the ethical committee. Individuals diagnosed with OC, and 
pre-oral cancer, encompassing conditions like leukoplakia 
and submucous fibrosis, were enlisted as participants from 
the Department of Oral and Maxillofacial Surgery at King 
George’s Medical University, Lucknow, India, with collabo-
ration and ethical clearance for the study. The confirmation 
of participants’ inclusion in the research was based on histo-
pathological analysis. Specifically, OC patients with tumors 
in buccal mucosa, alveolus, retromolar trigone (n = 50), 
and tongue (n = 30) underwent treatment and surgery at 
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the mentioned facilities, with histopathology verifying the 
presence of oral squamous cell carcinoma. Control patients, 
selected based on their genetic history and after providing 
consent, were recruited from hospital blood banks and den-
tistry clinics. The matching criteria comprised factors such 
as age, gender, cigarette usage, and specific genetic poly-
morphisms, including XRCC1 Arg280His, XRCC1 Arg-
399Gln, XRCC1 Arg194Trp, OGG1 Ser326Cys, and APE1 
Asp148Glu.

Additionally, subjects were stratified based on their 
tobacco habits, distinguishing between exclusive chewers, 
exclusive smokers, individuals with mixed tobacco habits, 
and those free of such habits. It is noteworthy that genetic 
polymorphism played a pivotal role in the extensive catego-
rization of subjects within this study.

Isolation of DNA

Extraction of DNA from Buccal Swab

Genomic DNA was carefully extracted from buccal swab 
samples. Initially, the swabs were placed in a lysis buffer 
with specific components, and after incubation, extraction 
was carried out using a solution of phenol, chloroform, and 
isoamyl alcohol. The resulting mixture underwent several 
steps, including centrifugation and treatment with RNase 
A, followed by precipitation with cooled isopropanol. The 
final DNA pellet was re-suspended and stored at − 20 °C or 
− 80 °C [15].

Extraction of DNA from Blood Sample

To extract genomic DNA from whole blood, red blood cells 
(RBCs) were broken down using a hypotonic buffer. The 
resulting pellet was then mixed with a solution containing 
PBS, cell lysis buffer, and proteinase K. After an incuba-
tion period, the DNA was extracted with phenol, followed 
by washing with chloroform, isoamyl alcohol, and absolute 
alcohol. The clean pellet, dried under a laminar airflow 
chamber, was stored at − 20 °C to − 80 °C after re-suspen-
sion in nuclease-free water or 1 × TE buffer [16, 17]. Refer to 
Fig. 1 for a detailed overview of the DNA extraction process.

Genotyping

The PCR–RFLP method was used to find XRCC1 genotypes. 
In a 25 µl solution with genomic DNA, MgCl2, dNTPs, Taq, 
and primers, thermal cycling occurred. The resulting mix-
tures were digested with MspI or RsaI, followed by electro-
phoresis on 6% polyacrylamide gels. Stained DNA (ethidium 
bromide) was viewed under UV light for analysis. For the 
codon 280 polymorphism, the mixture was digested with 

RsaI, following the same steps as for codon 194 [18, 19]. See 
Fig. 2 for a visual overview of the DNA genotypic analysis.

Statistical Analysis

We investigated the connection between a particular genetic 
variation, namely the XRCC1 Arg194Trp polymorphism, 
and its association with the risk of oral cancer (OC). By 
employing various genetic models and taking ethnicity into 
account, we examined pooled odds ratios (ORs) alongside 
95% confidence intervals (CI). Statistical analyses were con-
ducted using Stata 11.0, and we performed sensitivity analy-
ses. Additionally, potential publication bias was assessed 
using Egger’s linear regression test and scrutinizing funnel 
plots (Table 1).

Results

In this research, we scrutinized a group of 380 individu-
als diagnosed with diverse forms of cancer, comprising 
220 males and 160 females, with ages spanning from 28 to 

Fig. 1   Isolation of DNA from buccal swab and blood sample

Fig. 2   Genotype analysis of DNA
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62 years. The average age of 150 patients with oral precan-
cer (OPC) was calculated to be 28.10 ± 7.80, comprising 85 
males and 65 females. For the 110 cases of oral cancer (OC), 
which included subtypes such as Oral Submucous Fibrosis 
and Leukoplakia, the calculated mean age was 40 ± 20.2, 
with 70 males and 40 females. The healthy control group of 
120 individuals showed a calculated mean age of 29 ± 10.50, 
with 65 males and 55 females. The calculated mean age for 
each group is detailed in Table 2. PCR–RFLP successfully 
genotyped all subjects with OC, OPC, and the control group.

The most common sites of infection were found in the 
buccal cavity and tongue. According to the study findings, 
among 380 patients with oral cancer (OC), 28.94% (110 
patients), among 380 patients with oropharyngeal cancer 
(OPC), 39.47% (150 patients), and among 380 healthy 
controls, 31.57% (120 individuals) had tobacco use (either 
smoking or smokeless) for a duration of up to 10 years. In 
the OC group, 72.72% (80 of 110) exhibited tobacco-chew-
ing habits, while in the OPC group, 60% (90 of 150) had a 
tobacco habit. Notably, half of the healthy controls (60 of 
120) were regular cigarette users but did not suffer from OC, 
OPC, or related conditions like leukoplakia or submucous 
fibrosis, yet remained susceptible to OPC or OC. Conversely, 
the remaining half did not use tobacco and had no prior his-
tory of OC or OPC (Table 3).

Genotype and Frequency Allele

We explored the intricate relationship between genetic 
susceptibility and tobacco consumption, a crucial environ-
mental risk factor for oral cancer (OC). Subjects with the 
XRCC1 gene demonstrated an increased susceptibility to 

developing leukoplakia when exposed to tobacco. The geno-
type frequencies for codon 194 (Trp/Trp, Trp/Arg, Arg/Arg) 
and codon 280 (His/His, His/Arg, Arg/Arg) were thoroughly 
examined, and the frequencies for codon 399 (Gln/Gln, Gln/
Arg, Arg/Arg) are succinctly outlined in Table 4.

Maintaining Hardy–Weinberg equilibrium in all dis-
tributions added robustness to our findings. The XRCC1 
Arg194Trp polymorphism demonstrated a significant asso-
ciation with an increased risk of OC or OPC, a link that 
persisted even after excluding studies involving individuals 
with oral leukoplakia.

Statistical Data of Variants of Genetic Polymorphism

We extensively investigated the association strength by cal-
culating odds ratios (ORs) with precise confidence inter-
vals. In a comprehensive meta-analysis involving 380 cases, 
encompassing 150 oral precancer (OPC), 110 oral cancer 
(OC), and 120 healthy controls, the XRCC1 Arg194Trp 

Table 1   Concise overview of the study groups, including the number 
of cases in each category, tobacco use status, and gender distribution

Groups Cases Tobacco user Gender (M/F)

OC with tobacco 60/110 Yes 40/20
OC without Tobacco 50/110 No 30/20
OPC with Tobacco 80/150 Yes 45/35
OPC without Tobacco 70/150 No 40/30
Healthy controls with 

Tobacco
60/120 Yes 35/25

Healthy controls without 
Tobacco

60/120 No 30/30

Table 2   Calculated mean age of individuals in different groups

Age Oral cancer 
(110)

Oral precancer 
(150)

Healthy vol-
unteers (120)

Cumulative 
mean age

40 ± 20.2 28.10 ± 7.80 29 ± 10.50

Table 3   Statistical data on individuals and their habits

Habits Oral cancer (110) Oral 
precancer 
(150)

Healthy 
volun-
teers
(120)

Tobacco consumption 72.72% 60% 50%
Non tobacco use 27.27% 40% 50%

Table 4   Frequencies of 
genetic polymorphism among 
individuals

Genotype poly-
morphism

Frequencies

Arg194Trp
Trp/Arg 9.82
Trp/Arg 42.09
Arg/Arg 51.20
Arg280His
His/His 1.56
His/Arg 20.13
Arg/Arg 80.57
Arg390Gln
Gln/Gln 8.20
Gln/Arg 40.66
Arg/Arg 50.32
Asp148Glu
Asp/Asp 0.15
Glu/Glu 0.55
Asp/Glu 0.53
Ser326Cys
Cys/Cys 38.8
Ser/Ser 37.8
Ser/Cys 20.4



812	 J. Maxillofac. Oral Surg. (2024) 23:808–815

1 3

polymorphism demonstrated a clear link to an elevated 
risk of OC or OPC. This was evidenced by significant OR 
values (OR = 1.51, 95% CI 1.10–1.93, P = 0.01; OR = 1.60, 
95% CI 1.10–2.40, P = 0.05; OR = 1.60, 95% CI 1.24–2.14, 
P = 0.003). Importantly, even after excluding studies involv-
ing oral leukoplakia, a notable association persisted between 
the XRCC1 Arg194Trp polymorphism (TrpTrp/ArgTrp 
versus ArgArg) and the risk of OC (OR = 1.50, 95% CI 
1.24–1.91, P = 0.001).

Delving deeper into subgroups based on ethnicity, gen-
otyping method, tumor location, and publication year, a 
nuanced evaluation was performed. Notably, the relation-
ship between the XRCC1 Arg280His genotype and OC 
risk exhibited a diminished significance in these diverse 
subgroups. Interestingly, in alternative genetic models and 
stratified analyses, no substantial heterogeneity or significant 
relationships were observed. While only one study examined 
the impact of smoking and the Arg280His polymorphism 
on OC risk, the findings underscored the need for further 
investigations.

The study found differences in the OGG1 Ser326Cys 
allele occurrence in control groups based on age, sex, smok-
ing, and alcohol habits. Patients with the Cys + allele faced 
a 2.8 times higher risk of OC (P < 0.001; 95% CI 2.00:4.98 
and χ 2 = 20.10; OR 3.40). Conversely, the Ser + allele in the 
control group showed a significant tenfold protective effect 
against OC or OPC (P < 0.001; 95% CI 0.05–0.60 and χ 
2 = 12.51; OR 0.32). Additional analysis revealed more Ser-
326Cys allele carriers among patients (Table 5).

Similarly, APE-Asp148Glu Asp + carriers had a higher 
occurrence in OC patients than controls (P = 0.42; 95% CI 
0.86–3.55 and χ 2 = 0.10; OR 1.66). Furthermore, the con-
trol group had a higher frequency of APE-Asp148Glu Glu/
Glu compared to patients (P = 0.341; 95% CI 0.50–1.67 and 
χ 2 = 0.10; OR 0.87), suggesting a lower risk of OC or OPC 
associated with smaller tumor size.

The allele frequencies of XRCC1 Arg194Trp, XRCC1 
Arg280His, XRCC1 Arg399Gln, OGG1 Ser326Cys, and 
APE1 Asp148Glu were determined to be 0.45, 0.30, 0.43, 
0.55, and 0.30, respectively. Survival analysis indicated a 
higher hazard ratio for APE1 Asp148Glu polymorphisms 
(AHR, adjusted hazard ratio = 2.49; 95% CI = 1.65–2.65), 
suggesting a susceptibility to OC or OPC. However, logistic 
regression analysis did not firmly establish an association 
between APE1 polymorphisms and OC development.

Examining the SNP rs1130409 (Asp148Glu) of the APE1 
gene in 380 individuals revealed distinct genotypic distri-
butions. Notably, APE1 codon 148 variations displayed a 
significant association with OC or OPC patients (> 48 years) 
having the Glu/Glu genotype, indicating an increased risk.

Notably, individuals carrying the OGG1 Ser326Cys Ser 
allele (Ser +) exhibited a remarkable 12-fold protective 
effect against OSCC in the control group (P < 0.001; 95% 

CI 0.02–0.47 and χ2 = 12.22; OR 0.10). However, these find-
ings were not statistically significant in the patient group 
(P 0.001; 95% CI 0.02–0.47 and χ2 = 12.22; OR 0.10), and 
the control group had significantly higher OGG1 Ser326Cys 
Ser/Ser and OGG1 Ser326Cys Cys/Cys genotype frequen-
cies than the patient group. Table 4 provides detailed insight 
into the genetic polymorphism data.

This thorough analysis highlights the intricate interplay 
between genetic variations and the varied risks associated 
with oral cancer and precancerous conditions, offering valu-
able insights for further research and clinical applications.

Discussion

In the quest for enhanced DNA extraction protocols, our 
study employed a meticulous approach involving buc-
cal swabs and blood samples. Compared to conventional 
methods, our protocol exhibited a superior predicted yield, 
boasting 70–95 ng/l/swab and 30–50 ng/l/20 ml collection, 
a twofold improvement. Adherence to rigorous research 
handling practices is pivotal, as they intricately influence 
DNA yield and purity. Immediate immersion in a cell lysis 
solution was pivotal to avert potential degradation of DNA 
in buccal swabs and blood samples.

The stability of freshly collected DNA samples from buc-
cal cells, even after PCR amplification, proved comparable 
to those stored at − 20 °C for three days [20]. Furthermore, 

Table 5   Different data of variants of genetic polymorphism

Genotype OR CI P-value

Arg194Trp
Trp/Arg 1.51 1.10–1.93 0.01
ArgArg/TrpTrp 1.62 1.10–2.40 0.05
TrpTrp/ArgTrp/ ArgArg 1.71 1.24–2.36 0.03
Ser326Cys
Ser/Ser 0.427 0.314–0.663 0.001
Cys/Cys 9.57 2.10–43.03 0.001
Ser/Cys 3.00 1.44–3.46 0.005
Arg280His
Arg/Arg 0.97 0.86–1.20 0.755
Arg/His 1.10 0.85–1.35 0.410
His/His 0.85 0.65–1.08 0.240
Arg399Glu
Arg/Arg 1.00 0.92–1.08 0.840
Arg/Glu 1.09 0.95–1.10 0.966
Glu/Glu 0.90 0.83–1.20 0.930
Asp148Glu
Asp/Asp 1.47 0.66–3.22 0.310
Asp/Glu 0.65 0.29–1.46 0.320
Glu/Glu 0.54 0.20–1.26 0.400
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our findings underscored the resilience of extracted DNA 
yield and PCR amplification, remaining unscathed by a 
week-long storage period at either 4 °C or − 20 °C [21]. 
This robust stability emphasizes the utility of buccal and 
blood samples for securing high-quality DNA, with blood 
samples exhibiting resilience for storage durations exceed-
ing 4 months at − 20 °C in an EDTA-coated container [22].

Unraveling the oral cancer landscape revealed a corre-
lation with tobacco habits among patients, either through 
smoking or smokeless consumption. Interestingly, even 
those without habitual tobacco use displayed a prevalence of 
oral precancerous conditions [23]. A future study involving 
120 healthy volunteers will scrutinize the impact of tobacco 
consumption or abstinence on oral cancer development.

Transitioning to the molecular level, the significance of 
DNA repair genes in maintaining genomic integrity emerged 
as a focal point. The intricate dance between genetic varia-
tions in XRCC1 polymorphisms (Arg399Gln, Arg194Trp, 
Arg280His), OGG1 Ser326Cys, and APE1 Asp148Glu, 
extended its reach beyond oral cancers, connecting to diverse 
malignancies like bladder, breast, colorectal, lung, and endo-
crine cancers [24].

Meta-analyses emerged as a powerful tool to reconcile 
conflicting results from diverse studies, mitigating random 
variations and bolstering statistical robustness. The poly-
morphism landscape was dissected further, spotlighting 
the impact of OGG1 Ser326Cys on OC and OPC risk. Our 
meta-analysis delineated a substantial risk increase associ-
ated with the mutant G allele, particularly in the GG geno-
type [5, 25].

The intricate relationship between smoking habits and 
OGG1 Ser326Cys polymorphism was explored, with unex-
pected results indicating no significant correlation. A metic-
ulous assessment of other genetic polymorphisms, including 
XRCC1 Arg399Gln, Arg280His, and Arg194Trp, unveiled 
nuanced findings, with Arg399Gln displaying no significant 
association with OC or OPC risk.

Additionally, XRCC1 polymorphisms, specifically 
Arg280His in the APE-binding domain, did not definitively 
link to the risk of OC or OPC in our meta-analysis. Specula-
tion surrounds structural changes that may influence interac-
tions with APE, but validation requires further studies with 
larger sample sizes. The discussion then shifted to XRCC1 
Arg194Trp, positioned between DNA polymerase-b and 
poly (ADP ribose) polymerase-interacting domains.

The study found a higher risk with the Arg194Trp genetic 
model, challenging previous research. Importantly, signifi-
cance was noted in the heterozygote model when combining 
Trp/Trp genotypes, emphasizing the need for further explo-
ration in future studies with larger samples [24, 26].

In the realm of APE1 Asp148Glu, an exploration into the 
BER process uncovered significant associations, affirming 
its potential role in oral carcinogenesis. The study positioned 

APE1 Asp148Glu as a novel risk factor for breast cancer and 
OC or OPC. As the complex interplay of APE1 polymor-
phisms continues to be unraveled, larger sample sizes and 
functional studies will be crucial to validate our findings.

The significance of XRCC1 variant carriers in oral leu-
koplakia risk underscored the intricate relationship between 
DNA repair capabilities and disease susceptibility. The study 
illuminated how genetic polymorphisms, such as XRCC1 
399Gln, might influence DNA repair effectiveness and mod-
ulate cancer risk, particularly in conjunction with tobacco 
exposure [4]. This multifaceted relationship warrants further 
exploration and underscores the need for longitudinal studies 
to validate these associations.

Conclusion

In conclusion, our exhaustive analysis delved comprehen-
sively into the corpus of published data, revealing a robust 
and salient association between the XRCC1 Arg399Gln 
polymorphism and an elevated predisposition to both oral 
cancer (OC) and oral precancer (OPC), spanning across 
both homozygote and recessive models. Moreover, a pivotal 
interconnection surfaced concerning the XRCC1 Arg280His 
polymorphism and its implication in the susceptibility to 
OC or OPC, explicated under both heterozygote and domi-
nant models. Despite these pivotal revelations, the inherent 
constraints of our meta-analysis underscore the compel-
ling necessity for more expansive population cohorts and 
meticulously designed case–control studies to definitively 
elucidate the pivotal roles played by XRCC1 Arg399Gln 
and Arg280His polymorphisms in the ontogenesis of OC 
or OPC.

Additionally, our extensive comparative scrutiny unveiled 
a discerning revelation, denoting an absence of any discern-
ible association between XRCC1 Arg194Trp, Arg399Gln, 
and Arg280His polymorphisms, OGGI Ser326Cys, and 
APE1 Asp148Glu polymorphisms with the risk of OC or 
OPC. Noteworthy is the meta-analysis’s inability to estab-
lish any linkage between XRCC1 polymorphisms Arg-
399Gln and Arg280His with OC or OPC risk. Intriguingly, 
the XRCC1 Arg194Trp polymorphism, while lacking a 
conclusive association with OC or OPC risk, manifested 
an affiliation with an increased susceptibility to head and 
neck cancer (HNC) in subgroup analyses when adjusted for 
tobacco (smoked or smokeless) and alcohol consumption. 
Furthermore, its role in OC or OPC risk manifested condi-
tionally on specific cancer sites, emerging as a palpable risk 
factor in stratified analyses.
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