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Abstract
Background: Oral cancer is a high incidence cancer with well-established risk factors including tobacco, 
alcohol, areca nut, and HR-HPV 16/18. Additional risk factors such as Single Nucleotide Polymorphisms 
(SNPs) associated with genetic susceptibility, disease progression and prognosis. A comprehensive 
review of clinically relevant SNPs is synopsized in the current article.

Methods: The PubMed repository was primarily used to retrieve articles using a combined keyword 
search. We selected 81 eligible studies examining association of SNPs with oral cancer, published in peer 
reviewed journals, between January 2000 and March 2022, with a focus on SNPs and prediction of oral 
cancer survival indicating response to therapy. 

Results: Twelve SNPs including ERCC5 rs17655, ERCC1 rs735482, TP53 rs1042522, MDM2 rs2279744, 
MTHFR rs1801133, MTHFR rs1801131, MSH2 rs3732183, MLH1 rs1800734, FADS1 rs174549, XPD 
rs13181, XPD rs1799793, and TGFBR1 rs33438 emerged as potential SNP markers for prediction of oral 
cancer survival and response to therapy. 

Conclusion: The risk-loci may be indicated potential biomarkers for early oral cancer detection, better 
patient prognosis and also serve as molecular targets for novel therapies.
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Introduction
Cancer incidence and mortality rates are increasing globally with an estimated 19.3 

million new cancer cases and 9.96 million cancer deaths as per Globocan 2020 [1]. Globally, 
oral cancer accounts 377,713 new case annually and 177,757 deaths; and India marks the 
highest incidence of oral cancer worldwide with 135,929 new cases contributing 35.98% to 
the global oral cancer burden [1]. Oral cancer is a multifactorial disease with well-established 
risk factors including tobacco, areca nut, alcohol and high-risk HPV 16/18 [2]. Further, the 
molecular landscape of oral cancer encompasses somatic mutations, deregulated expression, 
epigenetic regulation via DNA methylation, histone modification and microRNAs, and 
genomic variants [3]. Despite technological advances and improvements in diagnosis and 
treatment modalities, the 5-year survival rate of oral cancer patients is poor [4]. Thus, there 
is need for relevant additional oral cancer specific biomarkers for early diagnosis, prognosis 
and identification of therapeutic targets for better clinical outcome. In the last two decades, 
the genomic constitution of an individual has been associated with cancer susceptibility and 
implicated in disease progression, patient survival, response to therapy and prognosis, as well 
as identification of therapeutic targets [5-8].

Single nucleotide polymorphisms (SNPs), contribute almost 90% of genomic variants 
in individuals, and have emerged as critical modulators of host disease susceptibility, drug 
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responses and prognosis [9]. Studies from our group defined 
mutations and polymorphisms of biologically functional genes 
including oncogenes, tumor suppressor genes, apoptotic genes, 
receptor genes and signal transduction genes in oral cancer [10-
15]. With advances in technology, high throughput microarray 
based whole genome expression analysis and whole genome 
association studies (GWAS), confirmed by nucleotide sequencing 
and allele specific oligonucleotide assays for examination of the 
genome, we identified several SNPs associated with increased or 
decreased risk of developing oral cancer [16-22]. Several global 
studies have highlighted the role of specific SNPs in oral cancer 
predisposition and oral cancer [17,23-28]. Further SNP data was 
compiled using PubMed repository and web of science to provide 
better understanding of the complex interplay of SNPs with oral 
cancer progression and prognosis. 

Methodology
The following criteria is generally used in association studies. A 

systematic literature search of the PubMed repository for enlisting 
genetic association studies of SNPs with oral cancer, conducted 
globally and published in the English language between January 
1990 and March 2022, using keywords in titles and abstracts e.g., 
‘snps’ OR ‘SNP’ OR ‘Polymorphism’ and ‘Oral Cancer’ guiding the 
search. Additionally, the reference list of all short-listed studies is 

manually meeting our inclusion criteria and manually searched 
using the google search engine and web of science. All the relevant 
full-length articles are checked, and important data elements were 
noted with relevant details. 

Result
Prototype result interpretation is given in this section. SNP 

studies including 459 articles were retrieved and yielded 94 
publications for complete review of full-text articles. If necessary 
additional research articles are identified from a manual search 
of the reference list. Articles may be excluded if not relevant to 
the search. A total of 81 eligible original global research studies 
were included in the final review (Figure 1). The reviewed studies 
enabled delineation of specific SNPs e.g., in oral cancer 12 SNPs 
in ten critical genes were associated with patient survival and 
response to therapy as summarized in Table 1 and Figure 2. Several 
independent studies have reported the prognostic significance of 
ERCC5 rs17655 and ERCC1 rs735482, MLH1 rs1800734, TP53 
rs1042522, MDM2 rs2279744, MTHFR rs1801133 and MTHFR 
rs1801131 with poor therapeutic response in oral cancer patients 
(Table 1) [29-33]. Whereas MSH2 rs3732183, MLH1 rs1800734, 
FADS1 rs174549, XPD rs13181, XPD rs1799793, TGFBR1 rs33438 
are associated with better response (Table 1) [34-36].

Figure 1: Flow chart describing the search and selection of clinically relevant literature on SNPs associated with oral 
cancer.

Table 1: SNPs associated with Increased Risk, Survival and Response to Therapy in Oral Cancer.

Parameter SNPs Associated with Increased Risk
Gene, SNP Genotype, HR or P Value

SNPs Associated with Decreased Risk
Gene SNP Genotype-HR or P Value

Poor Response to Therapy

ERCC5, rs17655 CC-1.54 (DFS),
ERCC1 rs735482 CC-1.65 (DFS), 
MLH1 rs1800734 AA-2.47 (PFS), 

TP53 rs1042522 GG (p=0.06) (DFS),
MDM2 rs2279744 OS,

MTHFR rs1801133 and
MTHFR rs1801131 CC-4.27 (OS)

MSH2 rs3732183 GG-0.45 (RFS),
MLH1 rs1800734 GG-0.52 (OS) and GG-0.49 (DFS),

FADS1 rs174549 AA-0.52 (PFS), 
XPD rs13181 AC/CC-0.52 (RFS),  

XPD rs1799793 AG/GG-0.51 (DSS) and AG/GG-0.43 (RFS),
TGFBR1 rs33438 GG+AG-0.50 (DSS)
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Discussion
Oral carcinogenesis is a complex multi-step process with 

defined hallmarks including selective growth and proliferative 
advantage, altered stress response favoring overall survival, 
vascularization, invasion and metastasis, metabolic rewiring, an 
abetting microenvironment, and immune modulation [37,38]. The 
twelve identified SNPs in ten genes associated with critical cellular 

functions involved in DNA synthesis, damage, repair, methylation, 
oncogene activation, proliferation and apoptosis are highlighted 
in Figure 2. These include ERCC5 rs17655, ERCC1 rs735482, 
TP53 rs1042522, MDM2 rs2279744, MTHFR rs1801133, MTHFR 
rs1801131, MSH2 rs3732183, MLH1 rs1800734, FADS1 rs174549, 
XPD rs13181, XPD rs1799793, and TGFBR1 rs33438 associated 
with survival outcomes in response to therapy in oral cancer 
patients [29-36].

Figure 2: Schematic representation of specific genes highlighting critical SNPs in the functional pathways of DNA 
Synthesis, Repair, Damage, Methylation, Apoptosis and Proliferation. The SNPs are indicated with response to 

therapy in oral cancer.

Chemo-resistance is implicated in the reduction of therapeutic 
efficacy, consequently affecting treatment outcome. Besides, 
Polymorphisms in DNA repair genes may alter protein function, 
affecting the anticancer effects of therapeutic agents and patients’ 
response to chemo/radiotherapy. Senghore et al. [33] identified key 
SNPs in nucleotide excision repair (NER) pathway associated with 
clinical outcome in oral squamous cell carcinoma (OSCC) patients 
treated with concurrent chemoradiotherapy (CCRT) [33]. The NER 
pathway genes play a major role in the repair of DNA damaged by 
chemotherapeutic agents and radiotherapy. The excision repair 
cross-complementation genes including ERCC1, ERCC2 or XPD, and 
ERCC5. Further, xeroderma pigmentosium complementation group 

A (XPA) and C (XPC) encode proteins involved in the NER pathway 
[33]. The carriers of the XPC rs2228000 TT genotype showed a 
borderline increased risk of poor OS (HR-1.81). Further, the CC 
genotypes of ERCC5 rs17655 and ERCC1 rs735482 (HR=1.54 and 
1.65, respectively) were associated with an increased risk or worse 
DFS and increased recurrence (HR=2.60, 95% CI = 1.11-6.09) 
(Table 1) [33].

ERCC1 is responsible for DNA incision whereas ERCC5 coded 
DNA endonuclease causes excision and repair of UV-induced DNA 
damage thus the CC genotypes of ERCC5 rs17655 and ERCC1 
rs735482 may increase the DNA-repair capacity of cancer cells, 
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leading to increased susceptibility to recurrence implying that 
CCRT may not be beneficial, and alternative treatments should be 
considered in the patients with these SNPs [33]. On the contrary, a 
study by Mahimkar et al. [35] involving the NER pathway XPD genes 
demonstrate XPD rs1799793 and XPD rs13181 variant alleles, 
independently as well as in combination, as important predictors 
of clinical outcome in radiotherapy treated OSCC patients with 
XPD rs13181 associated with increased RFS while XPD rs1799793 
corelated with increased RFS as well as DSS [35]. Since XPD protein 
is critically involved in the transcription factor IIH (TFIIH) complex 
in NER process, the XPD SNPs may confer survival advantage in Oral 
cancer patients by reducing DNA damage proficiency and thereby 
corelate with better treatment outcomes [35].

Senghore et al. [36] have demonstrated association of DNA 
mismatch repair (MMR) pathway genes MLH1 rs1800734 and 
MSH2 rs3732183 polymorphisms with treatment outcome in oral 
cancer patients [36]. The wild type genotypes ‘GG’ of mismatch 
repair pathway genes MSH2 rs3732183 and MLH1 rs1800734 
exhibit higher DFS and are associated with better survival in Oral 
cancer patients treated with adjuvant CCRT (Table 1). Thus, the 
wild type of genotype is associated with improved prognosis in 
oral cancer patients [36]. MSH2 rs3732183 and MLH1 rs1800734 
may alter the capacity of individuals to repair DNA damage 
induced by radiotherapeutic and chemotherapeutic agents. Since 
the MSH2 and MLH1 play significant roles in the repair process 
by recognizing the DNA damage caused by, the polymorphic 
allelic variants may alter the function [36]. As reported by Lin 
et al. [29], the polymorphic MLH1 rs18007 is associated with 
poor patient prognosis. The impact of MLH1 polymorphism on 
treatment outcome in oral cancer patients with primary surgery 
with or without adjuvant radiotherapy, indicated the association of 
MLH1 rs1800734 ‘AA’ (the homozygous SNP genotype) with poor 
prognosis with lower OS and DFS [29]. Thus, MLH1 rs1800734 
may be predictive of poor prognosis in advanced stages Oral cancer 
patients with postoperative adjuvant radiotherapy indicating 
alternate treatment approach (Table 1) [29]. An interesting study 
by Kuroda and colleagues examined the relationship between SNPs 
in tumor suppressor TP53 and prognosis in oral cancer.

The TP53 polymorphism in codon72 on the 4th exon Arg 
(CGC) to Pro (CCC), results in poor prognosis in patients with TP53 
rs1042522 in non-smoking individuals with the CC genotype with 
shorter post-treatment survival compared to the GC genotype 
(p=0.06) (Table 1) [39]. The wild type of GG genotype codes for 
Arginine producing wild type TP53 reported to induce apoptosis 
with faster kinetics and suppress transformation more efficiently 
than the Proline coding CC genotype [40]. Further, combination of 
MDM2 rs2279744 G/G and TP53 rs1042522 G/G polymorphism 
was associated with poorer prognosis (OS, HR-2.42, DFS, HR-2.90) 
and influence the outcome of advanced OSCC treated with adjuvant 
radiation predicting poor treatment response (Table 1) [32]. 

Folate deficiency influences the risk of cancer either by 
inducing mis incorporation of uracil into DNA leading to 
chromosomal breaks and mutations and/or by causing aberrant 

DNA methylation, resulting in altered expression of critical proto-
oncogenes and tumor suppressor genes. Besides, polymorphisms 
in the Methylenetetrahydrofolate reductase (MTHFR) gene, coding 
the key reductase enzyme in folate metabolism, are implicated in 
oral cancer. The most common allele variants of MTHFR include 
C677T (MTHFR rs1801133) and A1298C (MTHFR rs1801131), 
that lead to amino acid substitutions (Ala222Val and Glu429Ala) 
resulting in thermolabile enzyme with reduced activity [31]. 
Sailasree [31] evaluated the influence of MTHFR rs1801133 
and MTHFR rs1801131 on oral cancer patient survival. MTHFR 
rs1801133 polymorphic ‘TT’ genotype showed improved survival 
as compared to patients with wild type ‘CC’ genotype (RR=0.56, 
P=0.378). However, MTHFR rs1801131 ‘CC’ and ‘AC+CC’ showed 
an increased risk for treatment failure and poor survival when 
compared with the wild ‘AA’ genotype (HR=4.27, P=0.001) (Table 1) 
[31] attributed to impaired enzyme activity causing folate deficiency 
and consequent DNA methylation and genome instability.

SNPs associated with favorable patient outcomes and better 
response to therapy include the fatty acid desaturase 1 (FADS1) and 
the transforming growth factor beta receptor 1 (TGFBR1) genes 
[34]. FADS1 is the key rate-limiting enzyme of polyunsaturated 
fatty acids (PUFAs), which convert dihomo-gamma-linolenic acid 
(DGLA) to arachidonic acid (AA). AA and prostaglandin E2 (PGE2) 
modulate tumor microenvironment, promote carcinogenesis by 
increased proliferation and angiogenesis via the activation of 
PI3K-AKT signaling and mTOR signaling. The knockdown of FADS1 
inhibited cancer growth, migration, and enhanced the cytotoxicity 
of chemotherapeutic agents [41]. FADS1 rs174549 is determined 
to be a potentially independent and favorable factor in predicting 
oral cancer PFS HR-0.52 (95% CI: 0.29-0.93) for patients with 
CCRT (Table 1) [34]. TGFBR1 plays a critical role in the TGF-β/
SMAD signaling pathway vital in the development and progression 
of cancer by regulating cellular proliferation and differentiation 
[42]. The TGFBR1 rs33438 polymorphism is associated with a low 
risk of death due to oral cancer in codominant (AG vs AA: HR=0.55, 
95% CI=0.35-0.88) and dominant (GG+AG vs AA: HR=0.57, 95% 
CI=0.38-0.87) models. Moreover, better disease specific survival 
(DSS) (GG+AG vs AA: HR=0.50, 95% CI=0.29-0.85) was reported 
in patients given radiotherapy. There also existed a positive 
multiplicative interaction on DSS between the polymorphism of 
TGFBR1 rs334348 and radiotherapy (P=0.001) (Table 1) [42]. 
TGFBR1 rs334348 polymorphism may influence the progression 
of oral cancer by regulating the levels of TGFBR1 and inhibiting its 
function of phosphorylating Smad-2 and Smad-3 and consequent 
increased cell proliferation, a hallmark of cancer [42].

Conclusion
Despite extensive research and technological advances in 

the last two decades, oral cancer mortality and morbidity rates 
have not improved. Thus, it is imperative to assess the vast array 
of factors that contribute to the prognosis of patients with oral 
cancer. Since the outcomes vary from one individual to another, the 
genomic variants represented as single nucleotide polymorphisms 
with prognostic relevance may serve as critical assessment 
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factors of patient risk and aid the selection of optimal treatment 
strategies. With emerging targeted therapies, the SNP-genes also 
serve as therapeutic targets for small drug like molecules. Specific 
SNPs may act as predictive and prognostic markers enabling the 
clinicians to mitigate the risk associated with treatment response 
to conventional radiation and chemotherapy. The current review 
highlights twelve SNPs including ERCC5 rs17655, ERCC1 rs735482, 
TP53 rs1042522, MDM2 rs2279744, MTHFR rs1801133, MTHFR 
rs1801131, MSH2 rs3732183, MLH1 rs1800734, FADS1 rs174549, 
XPD rs13181, XPD rs1799793, and TGFBR1 rs33438 in oral cancer 
prognosis acting as potential SNP markers for prediction of oral 
cancer survival and response to therapy. However, it is important to 
note that individual SNPs reviewed are present in low penetrance 
genes, thus larger independent prospective studies with clinically 
relevant subgroups and endpoints are warranted.
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