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Abstract
Introduction: Incidence of oral squamous cell carcinoma is increasing in individuals less than 45 years. Similar trend is also
observed in India.
Objectives: To discuss the etiological factors for oral squamous cell carcinoma in young adults.
Materials and Methods: A literature search of electronic databases: MEDLINE, PubMed, ScienceDirect, Cochrane Database of
Systematic Reviews, and Wiley InterScience was carried out from September 2019 to December 2019. Original researches and
review articles regarding etiology and risk factors were included. 32 articles were selected for this literature review.
Conclusion: Tobacco and alcohol are the main etiological factors in young adults also. Chronic trauma, Genetic predisposition,
Nutritional deficiency, Poor oral hygiene Human papilloma virus etc are the other important causative factors.
Key words: carcinogenesis, oral cancer, risk factors, squamous cell carcinoma of head and neck.
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Introduction:
Oral squamous cell carcinoma (OSCC) is the eighth most common cancer worldwide1. Until recently, it was considered to be a
disease more common among older adults. Nowadays, increased
incidence of OSCC in younger patients is reported worldwide;
majority of them affecting the tongue.2 Llewellyn et al. reported incidence of HNSCC as 0.4-3.6% in patients younger than 40
years.3 Most of them were also not exposed to the conventional
risk factors like tobacco and alcohol.3 In India, various studies reported varying incidence of 8-33%.4-10 An institutional incidence
of 2.8% was reported in patients less than 35 years at Regional
Cancer Centre, Trivandrum.11 This review is an attempt to discuss
the risk factors associated with head and neck squamous cell carcinoma (HNSCC) in young adults.
A literature search of electronic databases: MEDLINE,
PubMed, ScienceDirect, Cochrane Database of Systematic Reviews, and Wiley InterScience was carried out from September
2019 to December 2019. Search was restricted to journals of
English language using key words squamous cell carcinoma of
head and neck, risk factors, oral cancer, carcinogenesis, and genetic
predisposition. These were searched as text word and as subject
headings individually as well as in various combinations. The reference lists of relevant articles were also searched for appropriate
studies. Original researches and review articles regarding etiology and risk factors were included. Among these articles, only 32
articles that fulfilled the inclusion criteria were considered for this
literature review.
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Conventional risk factors
Tobacco & arecanut products
Alcohol

Other risk factors
Chronic trauma
Genetic predisposition
Nutritional deficiency
Poor oral hygiene
Human papilloma virus
Sedentary lifestyle
Alcohol containing mouthrinses
Stress
Ultraviolet radiation

Tobacco & arecanut products
Tobacco is considered as the most potent risk factor for OSCC even
in young adults12. It is used in two forms: smoking and smokeless
tobacco. The most important carcinogens in tobacco smoke are
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aromatic hydrocarbon benz‑pyrene and the tobacco‑specific nitrosamines namely 4‑(nitrosomethylamino)‑ 1‑(3‑pyridyl)‑1‑butanone
(NNK) and N’‑nitrosonornicotine (NNN). Animal studies have shown
that NNK and NNN in the tobacco products cause tumors of the
oral cavity, lung, esophagus, and pancreas. NNK, NNN, and their
metabolites covalently bind with deoxyribonucleic acid (DNA) of
keratinocyte stem cells forming DNA adducts. These adducts are
responsible for critical mutations involved in DNA replication. Thus
tobacco components have an important role in chemical carcinogenesis.
Tobacco consumption in any form for >21 years has shown to
increase the risk for cancer. As many people begin consumption of
tobacco in early adolescence, the risk for OSCC is high by the age
of 40, which is thought to be the reason for occurrence of oral cancer in young adults.10 Commercially available smokeless tobacco
preparations carry a higher risk than smoking tobacco due to the
combined effect of the ingredients present in them.13 Most of the
ingredients are extracts and concentrates of arecanut and tobacco.13 Use of smokeless tobacco products causes direct contact of
carcinogens with the oral epithelium for a longer period as many of
these products are kept inside the vestibule.14 The smokeless form
of tobacco may be considered as a strong independent risk factor
for oral cancer.12
Conventional betel quid contains betel leaf, areca nut, slaked
lime and tobacco. International Agency for Research on Cancer
(IARC) affirmed that chewing betel quid without tobacco is also
carcinogenic to humans, probably due to the carcinogenicity of
arecanut15. In vitro studies on oral mucosal fibroblasts using DNA
damage, cytotoxicity, and cell proliferation assays have shown that
some essential betel quid ingredients are genotoxic, cytotoxic, and
also stimulate cell proliferation. It has been shown that reactive oxygen species, methylating agents, and reactive metabolic intermediates from betel quid induced various kinds of DNA damage16 In
a study conducted by Sharma et al in North East India, 50.8% OSCC
cases occurred in younger age group, probably due to the early
onset habit of tobacco & betel quid chewing. Illiteracy and lack of
awareness was also associated with the increased tobacco use.9
Alcohol
Alcohol increases the risk for oral cancer by local and systemic effects. Alcohol has a synergistic role with tobacco in oral carcinogenesis as it increases the permeability of oral mucosa by causing
epithelial atrophy. This allows easier penetration of carcinogens.
The main metabolite of alcohol is acetaldehyde which can induce
DNA damage, sister chromatid exchange and gene mutation. Gene
polymorphisms of alcohol metabolizing enzymes alcohol dehydrogenase and aldehyde dehydrogenase are associated with alcohol
related cancers. Acetaldehyde can inhibit the enzyme 6-methyl
guanitransferase which is responsible for repair of injuries caused
by alkylating agents.17,18 Systemic effects are mainly due to nutritional deficiency and alcohol induced hepatic damage resulting in
reduced immune response.18
Trauma
Trauma from sharp tooth/ ill fitting prosthesis is an underestimated
cause of OSCC affecting tongue. Chronic low grade trauma from
the sharp cusps may produce a potential cancerization field on the
lateral border of tongue. Thus chronic trauma from sharp teeth has
been suggested as a potentially malignant condition.19
Experimental animal studies have proposed two mechanisms
for development of malignancy from chronic trauma. Persistent

mechanical irritation may cause DNA damage eventually resulting
in cancer formation. Increased activity of poly-ADP-ribose polymerase in cases with chronic trauma supports this mechanism.
Alternative theory suggests that chronic mucosal trauma results in inflammation. Chemical mediators such as cytokine, prostaglandins, and tumor necrosis factors are released which leads to
oxidative stress. This could trigger genetic and epigenetic changes
causing DNA damage, inhibiting its repair, altering transcription
factors, preventing apoptosis, and stimulating angiogenesis, finally
resulting in cancer.20
Also constant Irritations harm the epithelia and may reduce
their barrier function making them more susceptible to carcinogens.19
Genetic predisposition
Genetic predisposition may be an important contributor to youngonset HSNCC.21 The development of typical HNSCC is a result of a
multistep process, which involves multiple genetic and epigenetic
events. Studies show that gains at 3q, 5q, 8q, and 11q, as well as
losses at 3p and 9p have been found in most of the HNSCC patients
[100]. Loss of chromosome region 3p and 9p21 are common early
genetic events in head and neck squamous neoplasia.21
Individuals with inherited syndromes like Fanconi’s anaemia,
Epidermolysis bullosa, Dyskeratosis congenita, Xeroderma pigmentosum, and Blooms syndrome are reported to have 700-1000
fold increased incidence of HNSCC than that of general population.22 An increased susceptibility to viral transformation, mutagens, defective DNA repair, chromosomal instability and immune
system defects are found in these persons.23 They carry an elevated
risk of secondary malignancies including HNSCC at an early age.24
Mutations that are responsible for HNSCC in syndromic patients are
same as those develop in the general population. These include
inactivation of tumor suppressor genes (TP53, p16, FANCA-M ) or
aberrant expression of oncogenes (ras and myc gene family, int-2,
hst-1, cyclin D1, epidermal growth factor receptor and Bcl-2).25 Researchers strongly suggest to conduct a thorough and standardised
oral cavity examination and genetic consultation of young individuals with such systemic diseases.26
Family history may reveal important clues for HNSCC susceptibility, which is linked with its early onset. The suspicion of a genetic
alteration should arise from a family history of: 1) first-degree relative with the same kind of tumour and same clinical presentation
2) two or more first-degree relatives with a tumour in the same
location; 3) two or more first-degree relatives affected by rare tumours.27 Retrospective studies have demonstrated a 3.6-fold increased risk for those individuals whose first-degree relatives are affected by other head and neck cancers.20 It has been suggested that
the offspring do not inherit cancer itself but a genetic make up that
makes them easier to get cancer.24 Several single nucleotide polymorphisms affect the genes like p53, p21 and cyclin D1 which are
responsible for the repair of tobacco induced DNA damage thereby
increasing the risk for OSCC. Increased prevalence of such single
nucleotide polymorphisms have been reported in many young individuals, who were more vulnerable to the carcinogenic effects of
smoking compared to healthy volunteers.27
Nutritional deficiency
Micronutrients act by their antioxidant effects and by binding and
diluting carcinogens in the digestive tract. Chronic iron deficiency
anemia can cause atrophy of mucosa and increase the susceptibility to carcinogens.25 The anti-cancer effects of fresh vegetables and
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fruits are be due to their contents of carotenoids, vitamin A, vitamin C, folic acid, flavonoids, phytosterols, fibres and other antioxidants.28 These results may be overestimated too as many of the
heavy smokers and drinkers usually tend to consume less fruits and
vegetables resulting in an association. Fish and seafood contain
polyunsaturated fatty acids, mineral salts and proteins which could
inhibit tumor progression through their anti-inflammatory effects
and inhibition of oxygen free radicals.28
Poor oral hygiene
Periodontitis and poor dental care are positively associated with increased risk of OSCC.29 Poor oral health can lead to mucosal disruption by local irritation increasing the susceptibility to OSCC.19 Studies have reported a 2–5 fold increase in the risk of OSCC among
periodontitis patients as compared to those without the disease.29
Human papilloma virus
Human papilloma virus (HPV) types 16 and 18 are most commonly
associated with OSCC. Oncogenic properties of HPV are attributed
to the viral proteins E6, E7 and E5 which act through disruption of
tumor suppressor genes p53 and Rb. HPV has been identified as a
major contributor for oropharyngeal SCC in young adults; but only
a small fraction of Oral cavity SCC is proven to be HPV-related even
in young non-smoking non-alcoholic patients.30
In high risk HPV infection, viral genome gets integrated into the
host genome. During this process, the circular viral genome breaks
at the level of the E1 and E2 regions. The loss of E2 causes the loss of
E6 and E7 control. E6, in combination with a ubiquitin ligase called
E6 associated protein (E6AP) bind with p53 and target it for ubiquitination and proteosomal degradation. The p53 tumor suppressor gene normally regulates growth arrest and apoptosis after DNA
damage. E6 also interferes with other pro-apoptotic proteins, Bak,
and procaspase 8, thus preventing apoptosis. Recently, the product
of the notch1 gene and telomerase also have been identified as
targets of p53.31
E7 can to bind to the retinoblastoma tumor suppressor gene
product, pRb, and its family members, p107 and p130. In the hypophosphorylated state, pRb family proteins bind to transcription
factors such as E2F family members and repress the transcription of
genes involved in DNA synthesis and cell cycle progression. After
binding to unphosphorylated pRb, E7 disrupt pRb- E2F complexes
and prematurely induce cells to enter the S phase. E7 also interact
with p21, targeting it for ubiquitin and proteosomal degradation,
resulting in initiation of S phase of cell cycle. The E7 protein function enables HPV replication in the upper layers of the epithelium
where uninfected daughter cells normally differentiate and completely exit the cell cycle. E6 & E7 are known to activate the Wnt signalling pathway, causing the transcription of cyclin D1 and initiates
the G1 phase of cell cycle.31
E5 is a membrane associated protein that delay the degradation of epidermal growth factor receptor (EGFR), causing progression of cell cycle into S phase, activating anti apoptotic and proliferative pathways and promoting angiogenesis. Thus the combined
effect of E6, E7 and E5 lead to cell cycle progression in differentiated
epithelial cells, finally leading to oral cancer.31
Lifestyle risk factors- sedentary lifestyle
There is increasing evidence suggesting the role of physical activity in prevention of cancer.32 Reduced risk of colorectal, breast and
prostate malignancies are reported in people who exercise regularly.33 Improved survival and lower risk relapse of cancer also have
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been reported among them. Weight control, better immunity and
improved control of endogenous hormone levels are suggested to
be the factors mediating these.
Physical activity may influence head and neck carcinogenesis
by modulating specific mucosal immune parameters, like salivary
immunogloblin (Ig) A.32 Regular moderate exercise improves immune function thereby decreasing susceptibility to cancer while
a sedentary lifestyle or repeated exhaustive exercise suppress immune function increasing susceptibility to cancer. Long-term, regular exercise is suggested to have anti-inflammatory effect by reducing body fat, release of catecholamines and anti-inflammatory
cytokines by muscles and inhibition of pro-inflammatory cytokines
thereby providing protection against chronic inflammation-associated diseases.34 The serum levels of inflammatory cytokines produced by adipose tissue such as tumor necrosis factor alpha (TNFα)
and interleukin (IL)-6, are found to be decreased in physically active
persons who are on low-calorie diet.32
Alcohol containing mouth rinses
Acetaldehyde, the genotoxic metabolite of ethanol mediates its
carcinogenicity. Many commonly used mouthwashes also contain
5-27% of ethanol. Dirk et al found that alcohol containing mouthwashes temporarily raised the salivary acetaldehyde concentrations similar to those found after the intake of alcoholic beverages.35
Even though mouthwash cannot be considered as an independent
risk factor, it can increase the risk for OSCC in association with other
carcinogenic factors.36
Stress
Chronic stress induce higher levels of catecholamines in blood via
two mechanisms; hypothalamus pituitary axis (HPA) mediated release of cortisol and sympathetic nervous system mediated release
of nor epinephrine. Elevated cortisol subsequently resulted in
heat shock protein -70 (HSP-70) over expression. HSP-70 inhibited
apoptosis, allowing tumor cells to escape immune surveillance and
develop resistance to chemotherapy.37 Chronic stress also resulted
in increased tumor size, elevated levels of matrix metalloproteinase -2(MMP2) and vascular endothelial growth factor (VEGF) and
more invasive growth of oral carcinoma cells in an experimentally
stressed mouse model. They suggested that catecholamine and
glucocorticoid might stimulate tumor progression under chronic
stress.38 Another study in tumor bearing mouse reported noradrenaline could enhance cancer stem cell like phenotype and
upregulate the expression of stem cell markers. Administration of
nor adrenaline increased tumor growth whereas injections of ß2adrenaline receptor inhibitor blocked this.39
UV exposure
Oral cavity may be exposed to UV light by simple mouth opening
while outdoors as well as by dental procedures like teeth whitening. Blue light irradiation generated reactive oxygen species and
induced oxidative stress in oral tissues, which can be inhibited by
antioxidants.40 Researches conducted to find the correlation between UV exposure and oral cancer remains inconclusive. Experimental studies have shown that UV B exposed oral tissues have a
higher carcinogenic risk than skin tissues. DNA repair and apoptosis were less in the oral cells compared to that in skin cells.40 Several
studies reported no positive correlation between UV exposure and
incidence of oral cancer.41
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Conclusion
Incidence of OSCC is increasing in younger population. Increased
habit of chewing commercial preparations of tobacco, trauma & genetic susceptibility are the commonly associated risk factors. Other
risk factors such as sedentary lifestyle, chronic stress and UV exposure are also increasingly associated with oral cancer. As in conventional OSCC, prevention, early detection and timely intervention
might reduce the disease burden in early age onset oral cancer too.
Creating proper awareness in the general population regarding the
risk factors is the key to prevention of OSCC in majority of young
adults.
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