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Environmental and genetic risk factors of oral cancer: an updated review

Abstract

Oral cancer poses a significant public health concern throughout the world. In terms of cancer incidence
rates, it is ranked among the top ten. The risk of oral cancer increases with age, with the majority of
cases occurring in people over 50. Since most patients do not have symptoms in the earliest stages,
they do not seek medical attention unless they experience obvious symptoms like bleeding and pain.
Generally, prognoses deteriorate as the condition worsens and the tumor's location becomes more
difficult to reach. Heavy tobacco use (which includes smokeless tobacco), betel chewing, alcohol
drinking, and persistent inflammatory conditions pose risks to the oral cavity and increase cancer risk.
Tobacco usage has been associated with changes in functions and proliferation of periodontal cells,
including gingival fibroblasts, periodontal membrane cells, periodontal ligament cells, et cetera,
leading to cell apoptosis. Interference with the host cell cycle machinery in latent or chronic viral
infections leads to malignant transformation. Also, numerous studies have been conducted to determine
how chronic trauma affects the development of cancer. Finally, we provided a narrative review of the
main genetic and non-genetic risk factors for oral cancer with new insight.
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Introduction

Oral cancer has become a major public health concern around
the world. It has one of the top ten cancer incidence rates.
While scientific advances and treatments have improved
significantly in recent years, survival rates have not increased
substantially, presenting an ongoing dilemma to the
biomedical sciences (1). Currently, it is ranked as the 16th most
prevalent malignancy and the 15th most common cause of
death globally, with an age-adjusted incidence of four cases per
100,000 people worldwide. It varies widely depending on
gender, age group, country, race,ethnic groups, and
socioeconomic conditions (2). Men are more likely than
women to develop oral cancer (3). An individual is more likely
to develop oral cancer as they age, with the majority of cases
occurring in people over 50 (4). Over 90% of oral cancers are
squamous cell carcinomas, with two-thirds occurring in
developing countries and half in South Asia (4); other oral
cavity tumors include salivary minor gland tumors,
lymphomas, and melanomas. OSCC may exhibit different
degrees of differentiation and usually causes glandular
metastases. T stage and invasion depth, as well as tumor
thickness, are all directly related to lymphatic spread in the

neck (5). Oral cancer is associated with unfavorable prognoses,
often resulting in a 5-year survival rate of only 40%; however,
survival rates can exceed 80% in the event of an early diagnosis
(stages I and II) (6). Since most patients do not have symptoms
at the beginning of the disease, patients generally do not seek
medical attention until they demonstrate symptoms, including
pain, bleeding, or a lump in the oral cavity or neck. In cases
where lymphatic invasion has already occurred, almost half of
oral cancer cases are diagnosed during advanced stages (stage
IIT and IV) (7). Typically, patients are responsible for the
majority of diagnostic delays; nevertheless, delays may result
from an ineffective medical strategy, such as not anticipating
oral cancer or failing to diagnose and treat it in a timely and
appropriate manner (5). In general, prognoses worsen as the
condition deteriorates and the tumor site becomes more
difficult to reach (8). Heavy tobacco use (including smokeless
tobacco), betel chewing, alcohol drinking, and chronic
inflammation are risk factors for oral cancer (5). The chronic
irritation of mucosal tissues resulting from improperly fitted
dentures may increase the risk of oral malignancies. These
cancers occur more frequently in females than in males and
non-addicted patients (9). Additionally, genetic diseases such



as xeroderma pigmentosum, Fanconi anemia, and ataxia
telangiectasia are associated with a higher risk due to the lack
of DNA repair mechanisms (10). Thus, primary prevention of
oral cancer entails educating people about reducing factors
associated with behavioral risk, promoting the reduction of
tobacco use and addiction, and restricting alcohol consumption
(5). Standardized population-based screening for oral cancer,
unlike other common cancers, does not have high cost-
effectiveness and is not recommendable (11). Conversely,
screening programs in high-risk groups (heavy smokers and
drinkers) or in patients with a history of cancer outside the head
and neck region may be helpful (12).

Tobacco and alcoholic beverages

Tobacco and alcohol are the two main risk factors for oral
cancer (13, 14). The risk of oral cavity cancer (OCC) is 8.4
times greater among smokers than non-smokers (15, 16).
Smokeless tobacco (SLT) users have a five-to-seven-fold
greater chance of developing OCC than non-users. There are
pan masala, chewing tobacco, betel quid, areca nut, gutka,
khaini, and other forms of SLT. Chewing betel quid and areca
nut on their own or in combination with tobacco increases the
chance of developing oral cancer and is thus regarded as a
carcinogen in group one. Tobacco smoke, SLT products, betel
quid, and areca nut all consist of carcinogenic agents, which
increase the likelihood of OCC (17, 18). Tobacco use has been
associated with changes in functions and proliferation of
periodontal cells, including gingival fibroblasts, periodontal
membrane cells, periodontal ligament cells, and other cell
types, leading to cell apoptosis. Additionally, it may impact the
spread of periodontitis, impair immune system defenses and
increase the inflammatory response, leading to alveolar bone
damage and destruction (19). Smoking is epidemiologically
significant for OCC and is linked with its development as well
as progression (15, 16). The deadly connection between
tobacco substances and human cancer is the result of the
combined impact of two contributors: nicotine and
carcinogens. Although nicotine is toxic and addictive, it has
not been proven that nicotine causes cancer, and the IARC does
not recognize nicotine as carcinogenic. Nevertheless, due to
their dependence, individuals often consume products that are
full of carcinogens. Unburned tobacco is known to contain at
least 16 carcinogens, and tobacco smoke contains at least 60
substances that cause cancer. Tobacco-specific nitrosamines
like 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)
and N'-nitrosonornicotine (NNN), polycyclic aromatic
hydrocarbons like benzoapyrene, and aromatic amines like 4-
aminobiphenyl have been implicated as a cause of OCC (20,
21).

Group 1 carcinogens include alcohol (22, 23). An increased
risk of developing other types of head and neck cancer, such as

throat and laryngeal cancer, is also linked to excessive
consumption of alcoholic beverages (24). The enzyme alcohol
dehydrogenase (ADH) converts ethanol to acetaldehyde, an
intermediate metabolite capable of interacting with DNA to
form DNA adducts, thought to be involved in alcohol-related
carcinogenesis. Mutations or disruptions in DNA synthesis are
caused by these adducts, leading to the development of cancer
(22, 23). According to biochemical and epidemiological
studies, acetaldehyde, the initial metabolic component of
ethanol, is an essential component in alcohol-induced
carcinogenicity in the mouth, throat (pharynx), laryngitis, and
esophageal cancers (14). In comparison to abstaining or
occasional drinkers, heavy drinker groups have a tenfold
greater risk of alcohol-related risks. The risk is strongly
influenced by the amount of ethanol in alcoholic beverages,
which correlates with dosage (13, 14). The risk of developing
OCC increases with the combination of alcohol and tobacco
acting together (22, 23). The risk of oral cancer increases when
smoking and alcohol consumption are combined. Assessing
the impact of these factors separately is a daunting task, given
that approximately 75% of oral cancers are associated with
both alcohol and tobacco consumption (24).

Viral infection

Interference of the host cell cycle machinery in latent or
chronic viral infections leads to malignant transformation.
Viral genes and gene products play a vital role in determining
cell growth and proliferation. Some viral genes function as
proto-oncogenes. Once incorporated into host DNA, proto-
oncogenes undergo oncogenicity and result in malignant
transformation (25). Cell cycle checkpoints caused by
genotoxic stress can be disrupted by oncogenic viruses. The
downstream roles of P53 and cellular connecting proteins are
significant. Viral antigens render them inactive by releasing
them from cell cycle checkpoints or by preventing them from
entering apoptotic pathways mediated by p53 (26). Several
investigations have revealed a significant positive correlation
between oral cancer, precancer, and different viruses. The
occurrence of oral cancer can be linked to precancerous and
oncogenic conditions, as well as viruses like HSV, HPV, and
EBV (27). The human papillomavirus, also known as HPV, is
a tiny DNA virus with a squamous epithelia tropism. HPV
types that infect the mucosa are additionally divided into high-
risk and low-risk categories according to the extent of their
potential for malignancy (28). Recent studies have found an
increased prevalence of HPV infection (approximately 50%)
in squamous cell carcinoma of the head and neck. In at least
90% of these instances, HPV 16 was discovered to be the most
prevalent type (29, 30). In the last decade, HPV has been
shown to cause both genital and anal cancers, as well as to be
an etiologic factor for a type of head and neck squamous cell



carcinoma (HNSCC) (31). HPV has been implicated as a risk
factor for OSCC, with the most common subtype being HPV16
(32). E6 and E7 are early HPV proteins important in HPV-
associated OPSCC. E6 is a p53 inhibitor, and E7 binds to pRb,
the retinoblastoma protein (33). In oropharyngeal cancers,
HPV positivity was found primarily on the tonsils (94%),
followed by the base of the tongue (62%) (34, 35). There is
some evidence that HPV is an independent risk factor for the
development of OSCC (36). HPV is the cause of 2-8% of OCC
(22).

Epstein-Barr virus (EBV) belongs to the gamma subfamily of
the human herpesvirus family, which is divided into two
genera, lymphocryptovirus and rhadinovirus. Because of its
latent infection of B lymphocytes, EBV is the prototypical
lymphocryptovirus (37). The EBV genome is stored as a 172
kbp double-stranded linear DNA molecule. Two subtypes of
EBV are known, namely EBV-1 and EBV-2 (38). EBV has a
biphasic life cycle that is enabled by its dual tropism for B
lymphocytes and epithelial cells, allowing transmission in oral
lymphoid tissues. EBV has been linked to a variety of
lymphomas and carcinomas that occur in the oral cavity and
other sites, although the infection is often mild (39). Numerous
reports show an association between the development of EBV
and OSCC (40, 41). However, no definitive conclusions can be
drawn from these reports. Moreover, many reports show no
connection. There is a need for larger population-based studies
in order to establish the oncogenic potential of EBV in OSCC
(36). According to a detailed analysis of EBV/HPV coinfection
in squamous cell carcinoma of the tonsils and base of the
tongue, the rates were 25% and 70%, respectively (42).
Herpes simplex virus (HSV) is a member of a family of eight
related viruses. These include HSV-1 and HSV-2, varicella-
zoster virus, EBV, and cytomegalovirus (36). HSV is involved
in the activation of chromosomal mutations, the amplification
of genes, and the overexpression of pre-existing oncogenes
with neoplastic tissue (43). Both animal models and in vivo
experiments have investigated the significance of HSV in the
development of OSCC. Studies suggest that smokeless tobacco
and HSV-1 may interact to cause OSCC (44). In summary, to
date, there is no evidence of a direct carcinogenic role of HSV
in OSCC. Most of the studies on transformation were
conducted two or three decades ago, and results from more
recent studies have been inconclusive and conflicting (36).

Oral microbiome

In symbiosis with their host, the human body is home to more
than 100,000 billion microbes. The genome of all
microorganisms, including oral microorganisms (viruses,
fungi, and bacteria), and their interactions and byproducts is
called the microbiome (45). The lumens of the gut and oral
cavity host diverse microbiota, as do the skin and vagina (46).

Human microbiomes have been linked to various types of
cancer (47). At the cellular and molecular level, the squamous
epithelium of the oral cavity is constantly in contact with
various microbiological threats (32). In addition to driving the
chronic inflammation that may predispose OSCC, the oral
microbiome is involved in directly influencing the host cell
response (48, 49). Certainly, periodontitis, which is considered
a polymicrobial condition, is associated with alterations in the
microbiome of the mouth. Alterations in the oral bacterial and
fungal microbiome have been associated with oral
precancerous and cancerous lesions. Persistent bacterial
infections may increase the risk of OCC or contribute to its
development (32). Since bacteria constitute the major
component of the oral microbiome, there has been a substantial
amount of research conducted concerning the bacterial
component of the oral microbiome, the oral bacteriomes.
Nevertheless, attention has been drawn to lesser-known
microbial communities, including fungi and viruses (50).

Streptococcus, Peptostreptococcus, Prevotella,
Porphyromonas gingivalis, and Capnocytophaga gingivitis are
some of the specific bacteria found to be highly correlated with
OSCC (49). Bacterial mechanisms in oral cancer: The primary
bacterial mechanism in oral cancer is the stimulation of
persistent inflammation. Cell proliferation, mutagenesis,
oncogene activation, and angiogenesis are all caused or helped
by the production of inflammatory mediators during this
process. Concerning the second mechanism, bacteria can
influence cancer pathogenesis by affecting cell proliferation,
cytoskeletal restructuring, NF-kB activation, and inhibition of
cell apoptosis. As for the third mechanism, bacteria produce
several potentially carcinogenic substances (49, 51).

Candida species are known to be normal oral commensals in
up to 50% of the healthy population (52). The tubular hyphal
structure of C. albicans is thought to play a critical role,
allowing the entry of salivary precursors and release of
nitrosamine product to keratinocytes, potentially initiating
OSCC (53).

Candida species are known to be normal oral commensals in
up to 50% of the healthy population (52). The tubular hyphal
structure of C. albicans is proposed to play a role because it
permits entry of precursors from saliva and the release of the
nitrosamine products to keratinocytes, potentially triggering
OSCC (53). The alcohol dehydrogenase enzyme is present in
Candida species found in the oral cavity. Under aerobic or
microaerophilic conditions, this enzyme catalyzes the
production of mutagenic levels of acetaldehyde (47).
Compared to non-Candida leukoplakia, Candida leukoplakia
has significantly increased malignant transformation rates.
Histologically, Candida leukoplakia is characterized by fungal
hyphae invading superficial epithelial layers and chronic



(sometimes acute) intraepithelial inflammation (52). Candida
is commonly found in histological sections of leukoplakia.
According to some studies, Candida spp. N-nitroso benzyl
methylamine, a potent carcinogen, can be produced by cells
isolated from leukoplakia lesions (54).

Chronic trauma and irritation of mucous membranes

Numerous studies have been conducted to determine how
chronic trauma affects the development of cancer. Animal
studies have suggested two possible mechanisms by which
chronic trauma can lead to the development of cancer.
According to some theories, DNA damage due to prolonged
mechanical irritation leads to the development of cancer. This
is evidenced by increased poly-ADP-ribose polymerase
activity in chronic trauma (9). It has also been reported that
repetitive or prolonged damage to the oral mucosa caused by
repeated and long-term mechanical stimulation by oral toxins
alone or coupled with other risk components may be
responsible for OSCC occurrence (55). Persistent irritation has
been implicated as a risk factor (56). Over the past decade, it
has been hypothesized that there is an association between the
development of OSCC and repetitive mechanical trauma to the
oral mucosa. This is defined as repetitive mechanical
stimulation of various diseases. Chronic trauma may be
suspected, particularly in the presence of sharp or rough teeth,
ill-fitting dentures, or dysfunctional habits (57, 58). Chronic
mechanical irritation (CMI), one of these understudied risk
factors for oral cancer, is one example (59). There have been
cases where OSCC developed in an oral site with a history of
HCM. CMI can be caused by poor dental health, poor
dentition, missing teeth, and prosthetic factors (57, 59).
Chronic mechanical irritation (CMI), one of these understudied
risk factors for oral cancer, is one example (59). In some cases,
an oral site with a history of HCM has experienced the
development of OSCC. CMI can be caused by poor dental
health, poor dentition, missing teeth, and prosthetic factors (57,
59). CMI-related prosthetic factors are intraoral restorations
that do not fit well, have a sharp/rough surface, or lack lasting
stability. Poorly positioned, sharp/broken/rough natural tooth
surfaces are among the dental factors associated with CMI.
Parafunctional habits such as cheek biting and tongue thrusting
are among the functional factors associated with CMI. The
mucosal pathologies associated with CMI vary in severity and
duration, from frictional keratosis in mild cases to fibrosis in
moderate and severe cases (59). These cancers are more
common in women in non-addictive patients (9). For
carcinogens like tobacco and alcohol, a correlation between
dose, duration, and cancer risk has been demonstrated.
Furthermore, some studies have explored the possibility that
the duration of denture use plays a role in the development of
cancer (60). However, no link could be established between the

duration of use of prostheses and the incidence of cancers. The
prognosis and outcome of these cancers have not been studied
individually, although they may be associated with early nodal
disease. No clear association was found between
broken/sharpened teeth, dental implants, the type of denture
material, and the development of oral cancer (9).

Chronic inflammation

Periodontitis involves chronic inflammation affecting the
tissues that support the teeth, including the gums and, in more
severe forms, the periodontal ligaments and alveolar bone (61).
Inflammatory mediators resulting from periodontitis, in
addition to subgingival species and bacteria, may spread from
the oral cavity and contribute to a variety of extraoral
conditions, such as cancer, even though inflammations in the
oral cavity occur locally (62, 63). Several stomatitis conditions
have been suggested to be involved in the pathogenesis of oral
squamous cell carcinoma: oral submucosal fibrosis, oral lichen
planus, discoid lupus erythematosus, mouth ulcers associated
with repetitive tissue damage, and chronic periodontitis (64). It
has been established that infiltrates of cytokines, reactive
oxygen species, and transcription factors that can induce
proliferation, epithelial-mesenchymal transition, and invasion
are present in the microenvironment of chronic oral
inflammatory conditions such as oral lichen planus (65).
Prostaglandins, reactive oxygen, nitrogen radicals, cytokines,
and chemokines build up in the microenvironment of tissues
that are chronically inflamed. By activating oncogenes and
inactivating tumor suppressor genes, these inflammatory
factors can prolong cell survival. Therefore, Genetic instability
and increased cancer risk could result (66). Some infectious
and environmental components, as well as inflammatory
factors, can activate the nuclear signaling transducers of
transcription-3 (STAT-3), activator protein-1 (AP-1), and
nuclear factor kB (NF-kB), and some studies have shown that
pro-inflammatory mediators such as interleukin, IL6, IL8, and
tumor necrosis factor (TNFa) elevations have been reported
among oral cancer patients (67, 68). These transcription factors
then activate oncogenes that regulate apoptosis, cell
proliferation, and angiogenesis, as well as genes that regulate
the production of inflammatory mediators, which include
growth factors, cytokines, prostaglandins, and proteases (66).
Oxidative stress results from such inflammation. This could
result in genetic and epigenetic changes that harm DNA,
impede repair, alter transcription factors, prevent apoptosis,
and stimulate angiogenesis, which can promote the growth of
cancerous cells. To summarize, inflammation can act in
multiple steps to cause cancer (69, 70).

Genetic



Genetic studies have demonstrated a strong correlation
between the development of OCC and the accumulation of
genetic alterations. Various chromosomal alterations have
been linked to OCC (71). There are two types of genetic
damage in oral cancer cells. Gain-of-function mutations are
most common in proto-oncogenes but also in some TSGs. Loss
of function is caused by recessive changes, most often
observed in mutations of TSGs or genes involved in the growth
inhibitory pathway (72). Characterization of OSCC at the
molecular level has also been proposed, as has lung SCC.
Signaling pathways affected include PIK3CA and EGFR
mutations, differential use of lineage markers SOX2 and TP63,
and dysregulation of the KEAPI1/NFE2L2 oxidative stress
pathway. Different patterns of EGFR pathway activation are
associated with different clinical behaviors (73). Oral cancer is
also associated with specific germline mutations. For instance,
early-onset oral cancer is more likely in people with Li-
Fraumeni syndrome (TP53 germline mutation) 12. In addition,
aggressive oral cancer has been reported at a young age in
patients with Fanconi anemia, which is caused by defective
DNA repair, resulting in chromosomal instability (74). Most
HPV-negative OSCCs contained TP53 loss-of-function
mutations and CDKN2A inactivation in The Cancer Genome
Atlas (TCGA) database. Furthermore, integrated genomic
analyzes revealed a high degree of heterogeneity in HPV-
negative OSCC. Whole-exome sequencing, a transcriptomic
technique used to sequence all expressed genes in a genome,
has revealed new mutations missed in previous studies.
NOTCHI1 mutations occurred in approximately 15% of cases,
and NOTCH2/3 mutations and focal copy number changes
were identified in an additional 11% of OSCC cases (75, 76).
More than 80% of OSCC tumors overexpressed BGHS3,
MMP9, and PDIA3, suggesting the importance of ECM cell
receptor interactions in the development of OSCC (77). Some
genes have been found to have frequent mutations in HNSCC
patients, including TP53, CDKN2A, NOTCHI, FBXW7,
HRAS, and PIK3CA (75, 76). TP53 is a common mutation
associated with various cancers. Only subgroups of OCC that
are HPV-negative have TP53 mutations, the frequency of
which ranges from 35.9% to 81.9% (78). Missense mutations
are the most common type of mutation found in TP53 (78).
Mutational associations with HPV have been evaluated in
numerous studies (79, 80). TP53 mutations were more
common in HPV-negative OSCC than in HPV-positive OSCC,
although there was no clear association between p53 and HPV
status (80). Furthermore, mutated TP53 was infrequently
found among OSCC samples harboring HPV 16 DNA (81).
The fragile histidine triad (FHIT) is a TSG on chromosome
3pl4.2, and carcinogen damage leads to abnormal
transcription of this gene. In 65% of OCCs, the FHIT is
suppressed, which correlates with poor survival. Additionally,

pl6 and FHIT methylation has been reported in smokers with
lung squamous cell carcinoma, suggesting that methylation in
OCC regulates FHIT and p16 expression in humans exposed
to tobacco smoke (82). The cancerous damage results in an
abnormal transcription of the fragile histidine triad (FHIT), a
TSG on chromosome 3p14.2. FHIT is suppressed in 65% of
OCCs, which is associated with low survival. Furthermore,
methylation of p16 and FHIT in smokers with squamous cell
lung cancer has been documented, indicating that methylation
in OCC controls FHIT and p16 expression in humans exposed
to tobacco smoke (82). An oncogene with a mutation in the
OCC is PIK3CA. PIK3CA mutations were reported in 8% of
HPV-negative tumors and 21% of HPV-positive tumors.
Additionally, stage IV OCC has PIK3CA mutations that
negatively impact survival. Exons 9 and 20 of the tyrosine
kinase domains contain the common PIK3CA mutation sites
(83).

Conclusion

According to the above review, oral cancer is associated with
several risk factors. Tobacco, smoking, viral infections, and
trauma are the most prevalent and established. However, most
patients who abstain from known lifestyle and environmental
risks are diagnosed with oral cancer. Several of these factors,
such as genetic susceptibility, are thought to play a role in the
process. It is, therefore, imperative that the public and doctors
are aware of the risk factors associated with oral cancer, and
dentists should be on the lookout for early signs. It is crucial to
examine the oral cavity routinely, especially in patients with
known risk factors.
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