
INTRODUCTION

Cancer is a broad term used for identifying a large 

number of diseases. Perhaps the only common 

feature of this disease is the ability of uncontrolled 

cell proliferation that cannot be checked by the 

normal cell kinetics regulators. Even though most of 

the cancers are generally associated with old age, no 

age group is immune to this disease. Cancer 

originates in our own cells, but several factors both 

intrinsic and external to the body, which influence 

our daily life, can add to the life time cancer risk. (10) 

Carcinogens: Any compound that is capable of 

inducing tumors in laboratory animals or humans. 

(4) The factors responsible for cancer development 

are classified as exogenous and endogenous (2) and 

genetic factors. (3)

EXOGENOUS:

Lifestyle factors:

• Tobacco: smoking & smokeless 

• Betel Quid         • Alcohol"

• Occupational & other chemical carcinogens

Physical agents:

• Radiation     •  Dental factor      •   Heat

Biological agents:

• Viral •   Bacterial     •   Fungal

Diet & Nutrition:  proteins, vitamins etc.

B. ENDOGENOUS:

• Immune system     •    Inflammation

• Hormonal imbalance

C. GENETIC FACTORS:

• Inherited Cancer Syndromes (Autosomal 

Dominant)

• Inherited autosomal recessive syndromes of 

defective DNA repair

• Familial Cancers

EXOGENOUS:

I. Lifestyle factors:

Smoking tobacco:
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ABSTRACT
 The global burden of cancer continues to increase over the centuries, as childhood mortality and deaths from 
infectious diseases decline and people live longer. Cancer is the second most leading cause of mortality in 
economically developed countries and third most common in the developing countries. Head and neck cancer 
is the sixth most common human cancer, representing 3% of all types of cancer. They are located in the oral 

(11) 
cavity in 48% of cases, and 90% of these are oral squamous cell carcinoma. They are sometimes preceded 
by precancerous lesions, such as leukoplakia and erythroplakia. More than 300,000 new cases of oral 
squamous cell carcinoma are diagnosed annually. Oral Cancer is the result of DNA mutations arising 

(1)spontaneously and from the action of various carcinogens, especially Tobacco and Alcohol.   The 
International Agency for Research on Cancer (IARC, 2002) has classified 150 chemical or biological agents as 
known or probable human carcinogens. This paper provides a brief overview on the classification of oral 
carcinogens implicated in the development of oral cancer.
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In smoking type of tobacco, various forms are used 

like cigarette, bidi, hukka, chalam, chutta smoking 

etc. Cigarette smoking is the most hazardous and 

prevalent form of  tobacco use in west .  

Consideration also needs to be given to other forms 

such as bidi smoking and reverse smoking by 

several rural populations in India (5).There is a 

divesting link between tobacco products and human 

cancers which results from powerful alliance of 2 

factors- carcinogen and nicotine. Poly Aromatic  

hydrocarbon  ( benzopyrene), and N- nitrosamines 

such as tobacco specific nitrosamines 4-

(nitrosomethylamino) 1-(3-pyridyl)-1-butanone 

(NNK), N'-nitrosonornicotine (NNN) are probably 

involved as causes of oral cavity cancer in 

smokers.(6)Following transmembrane diffusion, 

carcinogens are metabolized in electrophilic 

compounds that enter the nucleus and interact with 

nucleophilic sites (DNA, RNA and proteins), 

changing their structural integrity and establishing 

covalent bonds known as adducts. (2) The DNA 

adduct, with a bulky aromatic ring attached to the 

base, block replication and transcription, stopping 

the action of helicases and topoisomerases, that 

leads to permanent mutation in cells and cause 

cancer. If a permanent mutation occurs in a critical 

region of an oncogene or tumor suppressor gene, it 

can lead to activation of the oncogene or 

deactivation of the tumor suppressor gene.(1) 

Multiple events of this type lead to aberrant cells 

with loss of normal growth control and ultimately to 

cancer. (2)

Smokeless tobacco

The use of smokeless tobacco (tobacco consumed 

without combustion) has become prevalent all over 

the world. Smokeless tobacco is placed inside the 

oral cavity in contact with the mucous membranes 

where the nicotine is absorbed to provide the 

pharmacological effect. (6)

Betel Quid (also referred to as pan or paan) usually 

contains betel-leaf (leaf of Piper betel vine), areca 

nut, slaked lime and tobacco. Other ingredients 

namely, spices such as cardamom, cloves or aniseed 

are added in betel quid from India. (6 ) Some of the 

common forms of these mixtures are khaini 

(tobacco and lime)  mishri (burned tobacco), zarda 

(boiled tobacco),  gadakhu (tobacco and molasses) 

and mawa (tobacco, lime and areca) consumed in 

different parts of India; nass (tobacco, ash, cotton or 

sesame oil), naswar/niswar (tobacco, ash and lime) 

in Central Asia and Middle East. (7) Nicotine 

addiction is the major reason why people continue 

to use tobacco products. While nicotine itself is not 

carcinogenic, the systemic absorption of nicotine 

per typical dose may be 3-4 fold greater for 

smokeless than smoked tobacco. (13) Slaked lime 

prepared from shell appears to be more potent than 

the one derived from lime stone. Slaked lime causes 

severe caustic damage to both epithelium & the 

underlying tissue, thus allowing a carcinogen to 

exert its effect. (9) The chemical carcinogens 

produced in the smokeless tobacco are same as 

smoking tobacco but, levels of PAH in unburned 

tobacco are typically low. Nitrosamines, particularly 

t h e  t o b a c c o - s p e c i f i c  n i t r o s a m i n e s  4 -

(methylnitrosamino)-1-(3-pyridyl)-1-butanone 

(NNK) and N- nitrosonornicotine (NNN), are by far 

the most prevalent strong carcinogens in unburned 

tobacco. The levels of NNK and NNN in smokeless 

tobacco products are hundreds to thousands of 

times higher than those of carcinogenic 

nitrosamines in any other consumer product 

designed for ingestion. (8)

Alcohol

The role of alcohol as an independent factor in oral 

c a r c i n o g e n e s i s  i s  s t i l l  u n c l e a r,  a l b e i t  

epidemiological evidence establishes the 

synergistic role played by alcohol with tobacco.(6)

There is a lack of clear evidence for alcohol alone to 

cause cancer but it has been noted as an important 

factor in the etiology of oral cancer. Therefore it is 

difficult to assess what affect alcohol has on a person 

developing cancer. There are three likely 

mechanisms by which alcohol can initiate cellular 

injury leading to carcinoma formation: 

(i) Ethanol is metabolized by the enzyme alcohol 

dehydrogenase forming acetaldehyde. This is 

further metabolized by enzyme aldehyde 

dehydrogenase to form acetate. Both 

enzymes are present in the saliva however it 
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is thought that alcohol dehydrogenase is 

present in greater amounts than aldehyde 

d e hyd r o g e n a s e  l e a d i n g  t o  a l c o h o l  

acetylaldehyde built up in tissue leading to 

toxicity. 

(ii) Increased permeability of cell membranes for 

the other carcinogens secondary to direct 

solvent effects. 

(iii)       Disruption of normal cellular DNA repair.

(11) Occupational & other chemical carcinogens

IARC has classified 87 agents, mixtures, or 

exposure circumstances as Group 1 

Carcinogenic to Humans, including various 

chemical compounds, pharmaceuticals, and 

bacterial and viral infections. An additional 

6 3  a g e n t s ,  m i x t u r e s ,  o r  e x p o s u r e  

circumstances have been classified as Group 

2A Probably Carcinogenic to Humans (13)  

(IARC, 2001)

Sulfur dioxide, asbestos, pesticide exposures 

and mists from strong inorganic acids, 

burning of fossil fuels have been known to 

cause cancers of posterior mouth, pharynx 

and larynx. (6)

Work-related malignant conditions can arise 

from a variety of exposures, but we consider 

o n l y  t h e  t h r e e  m a i n  d o c u m e n t e d  

occupational cancers: lung cancer, leukaemia 

and malignant mesothelioma.(14) that is 

given in table below…
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Occupational carcinogen  
 

Outcome  

Arsenic, asbestos, beryllium, cadmium, 
chromium, diesel exhaust, nickel, silica  

Cancer of the trachea, bronchus, or 
lung, skin  

Benzene, ethylene oxide, and ionizing 
radiation 

Leukaemia, skin  

Asbestos Malignant mesothelioma  

Hardwood dust, chromium VI compounds,  
nickel compounds  

Nasal cavity and middle ear cancer  

I. Physical agents:

Radiation, whatever its source be—UV rays 

of sunlight, x-rays, nuclear fission, - is an 

established carcinogen. Even therapeutic 

irradiation has been documented to be 

carcinogenic. 

Mechanism: It causes chromosome breakage, 

translocations, and less frequently, point 

mutations. Biologically, double-stranded DNA 

breaks seem to be the most important for 

radiation carcinogenesis. Because the latent 

period of irradiation-associated cancers is 

extremely long, it seems that cancers emerge 

only after the progeny of initially damaged 

cells accumulate additional mutations, 

induced possibly by other environmental 

factors. Natural UV radiation derived from the 

sun can cause skin cancers (melanomas, 

squamous cell carcinomas and basal cell 

carcinomas) by damaging DNA and forming 

pyrimidine dimers. At greatest risk are fair-

skinned people who live in locales that receive 

a great deal of sunlight, for example in 

Australia and New Zealand. Non melanoma 

skin cancers are associated with total 

cumulative exposure to UV radiation, whereas 

melanomas are associated with intense 

intermittent exposure—as occurs with 
(3)sunbathing. 

Dental factor

Poor oral hygiene, poor dental status (sharp/ 

fractured teeth due to caries/trauma), 

chronic ulceration from an ill-fitting denture 

has been suggested to promote neoplasm in 
(6  ) 

the presence of other risk factors. In 

responds to irritation or infection,  
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inflammation will occur. Over a short period, 

it can be beneficial. Inflammation over a long 

period of time is called chronic inflammation, 

and that can cause cell damage. Chronic 

inflammation associated with infections or 

autoimmune disease precedes tumor 

development and can contribute to it through 

induction of oncogenic mutations, genomic 

instability, early tumor promotion, and 
(15) enhanced angiogenesis. 

Heat

Chuttas are coarse tobacco cigars that are 

smoked in the coastal areas of India. Reverse 

chutta smoking involves keeping the burning 

end of the chutta in the mouth and inhaling it. 

This practice increases the chance of oral 
(17)

cancer mainly in palatal region  and kangri 

cancer in kashmir valley, which is a cancer of 

stomach skin.Continuous heat exposure for a 

long time leads to irritation or inflammation 

that will lead to DNA damage & mutation and 

ultimately develop carcinoma.

II. Biological agents:

Viral 

Viruses have been strongly implicated in the 

development of malignant tumors of the 

squamous epithelia including the oral 

squamous epithelium. Certain viruses can 

become permanent fixtures and integrate 

their genome in the host's nucleus, producing 

factors which cause cellular immortalization. 

Sometimes, the viruses may produce their 

own genes by integrating with the host's 

genes. These viral genes and gene products 

may affect cell growth and proliferation. 

Certain viral genes are proto-oncogenes 

which become oncogenes when inserted into 

the host's DNA and ultimately resulting in 
(6)

malignant transformation. 

Several oncogenic DNA viruses that cause tumors in 

animals have been identified. Four DNA 

viruses—HPV, Epstein-Barr virus (EBV / 

human herpesvirus 8 / HHV-8), Kaposi 

sarcoma herpesvirus (KSHV) and HBV—are 

of special interest; because they are strongly 
(3)associated with human cancer. 

Human Papillomavirus  (HPV)

Some types (e.g., 1, 2, 4, and 7) definitely cause 

benign squamous papillomas (warts) in 

humans. HPVs also have been implicated in 

the genesis of several cancers; particularly 

squamous cell carcinoma of the cervix and 

a n a l ,  p e r i a n a l ,  v u lva r,  a n d  p e n i l e  

cancers.Emerging evidence indicates that 

about 20% of oropharyngeal cancers are 

HPV-associated. DNA sequences of HPV types 

16 and 18 are found in 75% to 100% of 

invasive squamous cell cancers and their 

presumed precursors (i.e., severe dysplasias 
(6)

and carcinoma in situ). Infection with HPV 

itself is not sufficient for carcinogenesis, 

however. For example, when human 

keratinocytes are transfected with DNA from 

HPV 16, 18, or 31 in vitro, they are 

immortalized, but they do not form tumors in 

experimental animals. Cotransfection with a 

mutated RAS gene results in full malignant 

transformation. PV in all likelihood acts in 
(3)concert with other environmental factors. 

Epstein - Barr virus (EBV)

EBV causes oral hairy leukoplakia and 

“lymphoproliferative disease” in immuno-

suppressed patients (6). Prevalence studies 

have shown presence of EBV in oral squamous 

cell carcinoma (OSCC) patients but it does not 

prove a causal association.EBV exhibits 

strong tropism for B cells and infects many B 

cells, causing them to proliferate. One of the 

EBV-encoded genes, called LMP-J, acts as an 

o n c o g e n e .  L M P - I  p r o m o t e s  B - c e l l  

proliferation by activating signaling pathways 

that mimic B-cell activation via the B-cell 

surface molecule CD40. In immuno- 

suppressed patients, including those with 

human immunodeficiency virus (HIV) 

disease and organ transplant recipients. EBV-

infected B cells undergo polyclonal 

expansion, producing in vivo counterparts of 

lymphoblastoid cell line
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Bacterial

Bacterial infections traditionally have not 

been considered major causes of cancer. 

Recently, however, bacteria have been linked 

to cancer by two mechanisms: induction of 

chronic inflammation and production of 
(16)carcinogenic bacterial metabolites.  

Tertiary syphilis had been known to 

predispose to the development of oral cancer 

along with other risk factors such as tobacco 
(6)

and alcohol. 

Fungal

Candida species are common commensals in 

the oral cavity which become opportunistic 

during host's immunosuppression due to 

systemic diseases or drug therapy. Besides 

immuno-compromised individuals, Candida 

infection can coexist or be associated with 

other risk factors like iron-deficiency and in 

chronic  smokers,  which may prove 

synergistic in the development of oral 
(6)cancer.

III. DIET & NUTRITION:

This section focuses on the macronutrients 

(proteins, carbohydrates, fat, cholesterol) and 

micronutrients  (vitamins and their  

analogues, trace elements) present in the food 

groups that are protective against cancer. A 

deficiency of any of the micronutrients: iron, 

zinc, selenium cause DNA damage by single- 

and double- strand breaks, oxidative lesions 
(6) 

or both. For example Selenium, an essential 

dietary mineral that can act as an antioxidant 

when incorporated into proteins; the 

deficiency of which has been shown in many 

studies to induce the incidence of  

cancers—notably lung, colorectal and 
(20)prostate. 

Proteins:

Glycine supplies additional creatine to 

muscles and is used to construct DNA and 

RNA. It functions in skin, connective tissues, 

central nervous system and prostate. Lack of 
(20)glycine causes various type of cancer. 

Vitamins:

Vitamin A and retinoids play an important 

role in the orderly differentiation of 

epithelium; example - when a deficiency state 

exists, the mucus epithelium of respiratory 

tract undergoes squamous metaplasia, 
(6)differentiating into a keratinizing epithelium.

Vitamin D regulates the expression of more 

than 200 genes, including genes that 

p a r t i c i p a t e  i n  c e l l  p r o l i f e r a t i o n ,  

differentiation, apoptosis, and angiogenesis. 

It has been reported that levels of 1,25-

dihydroxyvitamin D below 20 ng/mL are 

associated with a 30% to 50% increase in the 

incidence of colon, prostate, and breast 
(22)

cancers.

Thiamine (vitamin B1) deficiency is 

common in chronic alcoholics. Chronic 

alcoholism affects not only the liver and 

stomach, but virtually all other organs and 

tissues as well. Deficiency of thiamine leads to 

an increased risk for the development of 
(23)hepatocellular carcinoma. 

Vitamin C: A nutrient that the body needs in 

small amounts to function and stay healthy. 

Vitamin C helps fight infections, heal wounds, 

and keep tissues healthy. It is an antioxidant 

that helps prevent cell damage caused by free 

radicals. Vitamin-C neutralizes the free 

radicals and slows their progress.

Reactive oxygen metabolites can promote 

carcinogenesis by damaging DNA. vitamin C is 

a redox chemical with antioxidant and pro-
(24)oxidant properties.  This mutation of 

individual cells probably happens to all of us 

every day so lack of vitamin C is one of the 
(22) 

cause of cancer.

Vitamin E: Alpha-tocopherol protects cellular 

membranes from lipid peroxidation and 

enhances the mitogenic response, inhibits 

certain prostaglandins, and improves T-cell 

mediated responses. Vitamin E has also been 

shown to have the potential to reduce 

Vitamin C is an important 
(25)

crusader in the battle against cancer. 
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oxidative damage caused by hydroxyl 

radicals. If it is deficient, it may play a role in 
(6)

cancer development. 

Certain food groups have been shown to be 

associated with higher risk of oral cancer; 

namely processed meats, cakes and desserts, 

butter, eggs, soups, red meat, salted meat, 

cheese, pulses, polenta, pasta or rice, millet 
(6)and corn bread.

Certain chemicals used in food industry are 

noted as a potent carcinogen; example 

sodium nitrate used as a preservative, coltar 

dyes –artificial coloring agents, quercetin 

–artificial flavoring agents, saccharin- 
(2)

artificial sweetener.

Trans fat may induce cancer of colon, breast, 

prostate. 

High dose of sodium chloride intake may 

cause gastric carcinoma due to disruption in 
(23)

mucin layer. 

ENDOGENOUS FACTORS:

Immune system: 

In normal conditions there is a balance between 

immunosurveillance and tumor-promoting 

inflammation in the tumor microenvironment. 

Tumor-promoting cytokines like IL-1, IL-6, IL-11, 

IL-17, IL-23 act on immune and malignant cells to 

tilt the balance toward tumor promotion. 

Inactivation of various components of the 

immunosurveillance system, such as perforin, 

granzyme and interferon signaling, renders system 

susceptible to tumorigenesis. Tumor promoting 
(15)immunity dampens immunosurveillance.

Inflammation:

Inflammation activates tissue repair responses, 

induces proliferation of premalignant cells, and 

enhances their survival. Inflammation also 

stimulates angiogenesis,  causes localized 

immunosuppression, and promotes the formation 

of a hospitable microenvironment in which 

premalignant cells can survive, expand and 

accumulate additional mutations and epigenetic 

changes. Eventually, inflammation also promotes 

(15)metastatic spread. 

Hormonal Imbalance: 

Hormones are complete carcinogens. There is 

reason to believe that hormones and local paracrine 

s u b s t a n c e s  p l ay  a  f u n d a m e n t a l  ro l e  i n  

carcinogenesis in most organs. Hormones may 

stimulate the growth of cells including mutated 

cells, and they have, therefore been thought to be 

important co-carcinogens. By stimulating mitosis, 

the hormones increase the risk of mutation solely by 
(21) 

increasing the number of cell divisions. The role 

of sex hormones in mammary and prostatic 

carcinoma (Henderson et al. 1982) is well 

established.  When evaluating the risk of hormones 

in carcinogenesis, one has to take into account the 

long latency for tumors to develop. 

Genetic predisposition to cancer

Not only environmental influences but also 

hereditary predispositions play a role in 

carcinogenesis. Less than 10% of cancer patients 

have inherited mutations that predispose to cancer. 

Genes that are causally associated with cancers and 

have a strong hereditary component are generally 

also involved in the much more common sporadic 

forms of the same tumor. Genetic predisposition to 
(6)cancer can be divided into three categories - 

a. Inherited Cancer Syndromes (Autosomal 

Dominant): The inherited mutation is 

usually a point mutation occurring in a single 

allele of a tumor suppressor gene. The 

silencing of the second allele occurs in 

somatic cells, generally as a consequence of 

deletion or recombination which leads to 

development of cancer. Examples of such 

genes are - RB p53 p16/INK4A  

b. Inherited autosomal recessive syndromes 

of defective DNA repair: a group of cancer-

predisposing conditions is collectively 

characterized by defects in DNA repair and 

resultant DNA instability. For example - 

X e r o d e r m a  p i g m e n t o s u m ,  A t a x i a -

telangiectasia, Bloom syndrome, Fanconi 

anemia
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c. Familial Cancers: Cancer may occur at 

higher frequency in certain families without a 

clearly defined pattern of transmission. 

Features that characterize familial cancers 

include early age at onset, tumors arising in 

two or more close relatives of the index case, 

and sometimes, multiple or bilateral tumors. 

Example Breast cancer, Ovarian cancer, 
(6)

Pancreatic cancer 

CONCLUSION: 

Cancer can affect all living cells in the body, at all 

ages and in both genders. The causation is 

multifactorial and the disease process differs at 

different sites. We should check out the Early 

diagnosis of cancers that are curable if detected 

early can be promoted in India. Early cancer 

detection is through population screening; namely, 

the identification of people with asymptomatic 

disease by applying various tests. The dental 

professional needs to be current in the knowledge 

base necessary to make a proper diagnosis, 

awareness of different risk factor of cancer and be 

competent in the proper screening procedures to 

identify oral cancer. At the very least, persistent 

abnormalities need to be identified by the general 

dental population and sent for referral and biopsy if 

the referring doctors feels it warranted.
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