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ABSTRACT
The dental profession has responsibility for the prevention and early diagnosis of cancer of the mouth and of the oropharynx, 
and is a major contributor to management of these devastating diseases. In Australia, cancer of the oral cavity itself is largely 
due to tobacco use and alcohol abuse, predisposed to by poor diets, and affects predominantly those in the lower socio-economic 
classes: the incidence is declining. On the other hand, cancer of the oropharynx is a completely different disease: the major risk 
factor is sustained infection by “high-risk” types of human papillomavirus; it tends to affect younger adults, and is associated 
with sexual activity. The approach to primary prevention is obvious in both situations. Secondary prevention by population 
screening is only viable in high risk populations.

Cancer is a genetic disease. To a minor degree, the genes we inherit affect susceptibility. However it is the many types of genetic 
damage produced by our environment which is driving the growing epidemic of cancer worldwide. In all cancers, acquired defects 
in the structure and/or the expression of many genes drive uncontrolled cell proliferation, so that a malignant neoplasm spreads 
locally and throughout the body.

The genes involved are those controlling cell division, cell death, cell nutrition, DNA repair, the supply of blood vessels to the 
neoplasm, and the immune response. Very many biochemical pathways are involved: it is rather like a map of the London 
Underground, but many times more complex. Defects in one or other of these pathways increase in number and complexity 
as the neoplasm “progresses”. Some of these aberrations are common to many/most patients with a cancer of the mouth or 
oropharynx: others specific to a subset of patients, or unique to an individual.

The mainstay in managing head and neck cancer remains surgery, with adjunctive radiotherapy and chemotherapy. These are 
highly toxic and disfiguring. We are thus moving towards biotherapies which seek to correct or block the key abnormal pathways 
of the individual patient. There is no such thing as a single magic bullet which will cure all patients, but drugs, monoclonal 
antibodies, and interfering ribonucleic acids targeted on the genetic damage for a particular patient are increasingly coming 
to clinical trial. Successes with some cancers of the breast and colon, for example, encourage the drive to better individualised 
treatment of head and neck squamous cell carcinoma.

Many will continue to suffer, and our role in prevention, early diagnosis and rehabilitation remains essential - and challenging.

 
Over the past two decades we have come to understand that 
“oral cancer” is not one, but many different diseases. Whilst 
the majority are squamous cell carcinomas, it has become 
apparent that the balance of the causes is substantially 
different between sub-sites of this anatomically complex 
part of the human body: ultraviolet light and tobacco remain 
important for cancer of the lip; tobacco, alcohol, poor nutrition 
and “dental factors” for cancer within the oral cavity itself; 
infection with oncogenic types of human papillomavirus for 
the mouth in a minority of cases and for the majority of cases 
arising in the oropharynx. “Oral cancer” and “oropharyngeal 
cancer” are different diseases.

KEY EPIDEMIOLOGICAL FACTS
These cancers are the 6th most common in the world.1,2,3 
The major burden is in developing countries and, in South 
Asia, oral cancer alone is usually the leading cancer site 
amongst males (as in Sri Lanka); sometimes in females (Fig. 
1). According to Globocan4, Papua New Guinea has the highest 

INTRODUCTION
The dental profession has a particular responsibility for 
cancers of the lips, mouth and oropharynx. This is the 
anatomical area of our patients which we observe in our daily 
work: We play the leading role in monitoring and promoting 
the health of these tissues; we encourage primary prevention 
by helping our patients to be free of the major life-style risk 
factors, and are responsible more than any other professional 
group for early detection of suspicious lesions. It is incumbent 
on every clinician to inspect every square millimetre of the 
oral mucosa of these sites at intervals based on a rational 
appraisal of the individual subject: at first appointment for 
every new patient; every time a patient reports suspicious 
signs or symptoms; at recall intervals based on an assessment 
of the risk status of the individual.

For some, our role extends to the application of additional 
diagnostic tools, to active therapy, and to rehabilitation after 
treatment. Managing this devastating disease – these diseases 
– requires teamwork, and dentists must play leadership roles.
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rates in the world, although the data are extrapolated from 
other populations: we are currently working with colleagues 
there to expand and audit Registry acquisitions. In India, 
oral cancer remains a major public health problem with an 
inexorable rise in disease burden, partly due to population 
growth.5 In Australia, there are encouraging declines in oral 
cancer, but rises in the oropharynx, with steadily increasing 
trends of 1.2% pa for men and 0.8% pa for women from 
1982 to 2008, these rises attributed to HPV infections.6  In 
many western countries cancer of the oropharynx is rising 
substantially: fortunately it is well established that such 
cases respond well to radiotherapy, so that treatment de-
escalation is now possible with these particular cancers7 and 
demonstration of the presence of oncogenic HPVs in oral and 
oropharyngeal cancer biopsy tissues is now a routine part of 
treatment planning.8 Further, the success of HPV vaccination 
in the prevention of cancer of the uterine cervix is now 
beginning to be seen for HPV-related head and neck cancers.9

MAJOR RISK FACTORS 
The major role of behavioural or life style risk factors remain: 
tobacco – both smoked and unsmoked; areca [betel] nut; 
heavy alcohol use; all acting in an environment of diets poor 
in essential vitamins and minerals which lower resistance, 
especially the ability to scavenge free radical and reactive 
oxygen species.1,2 The importance of human papillomaviruses 
is summarised above. The role of “dental factors” is receiving 
renewed attention. Chronic trauma from sharp teeth, 
restorations or appliances may focus the site at which chemical 
carcinogens act, and a neoplasm arises within a much wider 
field of altered tissue. Associations with periodontal disease 
are often suggested:10 here it is likely that the common risk 
factor of heavy microbial load in the mouth contributes the 
risk, and there is a renewed understanding that chronic 
inflammation itself contributes to carcinogenesis.11 

Heavy alcohol consumption – whatever the beverage, is the 
major risk factor in western populations.12 We know that 
oral micro-organisms – fungi and bacteria - can metabolise 
alcohol,[which is not itself carcinogenic, to acetaldehyde, 
which is.13 This has given rise to concerns about the potential 
dangers of alcohol containing mouthwashes, which has 
led to the withdrawal of most of these products from sale: 
although there is a biological basis for these concerns, in 
practical terms the available epidemiological evidence does 
not indicate that the risk is significant.14

There is renewed awareness of a possible role for bacterial 
infections within an oral neoplasm itself, perhaps causing 
– and continuing to drive – the malignant process: modern 
molecular techniques permit the recognition of a wide range 
of bacterial signatures, yet to be fully understood.15

GENETIC ABERRATIONS
And so to genes! We are what is in our genes and in their 
behaviour. These we inherit from our biological parents, 
according to simple Mendelian genetics. Our genes 
programme the synthesis of proteins which are the building 
blocks of our cells and tissues, and of the enzyme systems 
which control all functions. The structure of our genes 
is inherited: and efficiency of gene expression is partly 
inherited and partly changed by our environment – we can 

damage our chromosomes and mutate our individual genes 
by exposure to environmental carcinogen. Our environment 
can also silence some functions, these epigenetic events 
arising predominantly from hypermethylation of a gene.

How does this apply to oral and oropharyngeal cancer? There 
is, undoubtedly, a degree of inherited susceptibility, but this 
is minor compared to environmental influences. Inherited 
susceptibility arises mostly from polymorphisms in the 
genes controlling detoxification of carcinogens: particularly 
the cytochrome p450 system in the liver; and the efficiency 
of DNA repair mechanisms.16,17  We know of no “oral cancer 
gene” which confers major risk in the same way that carriage 
of BRCA 1 and/or BRCA 2 confers risk of familial breast cancer 
in women, for example.

So what of genetic changes acquired from environmental 
damage? This is what environmental carcinogens do. This is 
why the risk of developing cancer increases with age. There is 
an explosion of knowledge and related publications. A global 
initiative to describe genetic changes associated with all of the 
common cancers is underway. The base for “oral cancer” is in 
India and the database is publically accessible.18  It currently 
contains descriptions of 242 genes associated in some way 
with these diseases which we lump as oral cancer. It is not 
feasible to attempt a description of them all here, let alone 
to critically analyse their importance, or the biochemical 
pathways they control.

FROM PRECANCER TO CANCER
It is a common belief that “oral cancer” arises from long 
standing lesions of the involved mucous membranes. 
Leukoplakia is the most common: erythroplakia; mixed 
lesions and submucous fibrosis are also important. We 
now define these collectively as oral potentially malignant 
disorders – OPMD.19  The terminology is important: we use 
the term ‘condition’ in recognition that changes at the 
molecular level are widespread, involving much of the upper 
aero-digestive tract [the long-standing concept of “field 
cancerisation”], if not the whole body [eg systemic changes in 
immune response]. These visible lesions are but the external 
representation of a systemic condition in which the individual 
has an increased potential to develop a cancer – most likely 
but not necessarily at the site of the clinically visible lesion.

In cultures where use of areca nut and smokeless tobacco 
are common, and sometimes in heavy alcohol users, the 
majority of oral cancers do arise in and from a visible lesion 
of an OPMD. In the Western World, the majority of oral and of 
oropharyngeal cancers arise without the patient or a clinician 
being aware of a pre-existing lesion – which is not to say that 
[widespread] molecular lesions have not pre-existed.

So: the assumed natural history of normal mucosa progressing 
from hyperplasia, through increasingly severe grades of 
dysplasia, to carcinoma in situ and to invasive carcinoma has 
led to extensive study of a presumed sequence of genetic 
events. Many linear models have been developed, and the 
current state of the literature is very well reviewed by Dionne 
et al. 2014.19  Many of the genetic changes described [Table 1] 
may have value in prognosis – for groups of patients - but will 
not necessarily apply to a given individual: none so far have 
proven therapeutic utility. 
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Such research is important in increasing our understanding. 
However, in the opinion of this author, the models on which 
they are based are oversimplified: progression to cancer is not 
a linear process and whereas some genetic aberrations may 
be more common than others, and there may be “common 
final pathway[s]”, findings from groups of patients will not 
necessarily apply to a particular individual. 

THE PROGRESSION OF CANCER
Sequencing of the genes of an individual, and screening for 
epigenetic changes, is becoming quicker and cheaper 20,21 but 
prudence is necessary in interpreting the massive amounts 
of data thus generated, and applying this to patient care.22 
Once a carcinoma of the upper aero-digestive tract has 
become irrevocably malignant, the cardinal (microscopically) 
visible stage being breach of the basement membrane of 
the epithelium and the beginning of infiltration of malignant 
keratinocytes into the connective tissues, many other 
genetic aberrations follow. These affect a wide range of 
essential biological processes [Table 2] which can be affected 
in any order and to any degree. Again these are not linear 
processes. The phenomenon of “tumour progression”, 
whereby different clones of cells emerge with different 
properties, those conferring a growth advantage surviving 
best and damaging the host more, has long been accepted 
dogma. With head and neck squamous carcinomas this 
progression, the development of new branches to the stem 
or trunk of the original malignancy, behaves more like a 
bush than a palm tree: multiple branches occur early with 
increasing polyclonality and complexity. It may be necessary 
to “correct” the function of many genes to achieve a complete 
elimination of malignant cells and cure the patient.

PATIENT BIOTHERAPIES
Nevertheless, modern molecular science is delivering 
biotherapies, tailored to genetic aberrations present in a 
particular patient, with mixed success. For head and neck 
SCC the most studied so far are use of monoclonal antibodies 
to block overexpression of epithelial growth factor receptors 
[EGFR] on the surface of malignant keratinocytes and the use 
of gene therapy to replace mutant TP53 genes with the wild 
type [normal] gene in the cancer of a patient with mutant p53.

Commercial anti-EGFR monoclonal antibodies (mAbs), eg 
Cetuximab,23 are currently the only molecular targeted 
therapy for head and neck cancers approved by regulatory 
agencies worldwide to treat advanced disease. There are also 
trials using this approach for chemoprevention.24 

PRIORITY FOR PRIMARY PREVENTION AND EARLY 
DETECTION
It is self-evident that we will never reduce the global burden 
of oral and of oropharyngeal cancer by treatment of cases: no 
amount of brilliant robotic surgery or wonder biotherapy will 
do this on a population basis, any more than better air rotors 
or restorative materials will impact the epidemiology of dental 
caries. The present paper does not focus on prevention, but 
by a combination of public education and government action 
we must reduce the use of known risk factors in people 
throughout the world, and continue as a health profession to 
be vigilant in screening and advising our patients.25
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Genetic alterations which have been described in 
association with oral carcinogenesis. [Summary adapted 

from Dionne et al, 2014, op cit].

Associated with epithelial 
dysplasia

Number of chromosomes 
per cell, usually an increase 
[aka ploidy status] 

Altered genes

hTERT
c-fos
HIF-1
c-Jun
CENP-F
COX-2
TP53
TGF-
CyclinD1
EGFR
Ki-67
MCM-2
Mib-1
PDPN
p16

Associated with invasion/overt 
malignancy

Ploidy status
Loss of heterozygosity 
[LOH] at chromosome sites 
3p, 9p, and less frequently 
at 8p, 11q, 13q, 17p

Altered genes

Cyclin D1
EGFR
ABCG2
ALDH1
CD133
MAGE-A
pRB
DeltaNp63
CyclinD1
EGFR
Ki-67
MMP1
MCM2
MMP9
PDPN
TP53
miR-21
miR-181b
miR-34
mep16
p16

Table 1.

Essential biological processes which malfunction in the 
progression of epithelial cancers. Control of:

Within the epithelial component

Cell proliferation

Cell surface receptors and 
signaling

Immunogenicity

Intercellular communication

Cell differentiation and de-
differentiation

Cell movement

Programmed cell death

Desquammation

Secretion of cytokines and 
chemokines

DNA repair

Interactions with and processes 
within connective tissues

Integrity of basement 
membranes

Angiogenesis and neo-
angiogenesis

Epithelial cell migration

Homeostasis of collagen & 
other fibres Homeostasis of 
ground substance 

The immune inflammatory 
response

Entry into blood vessels and 
lymphatics

Metastastic processes

Table 2. 

Fig 1. A Global incidence rates per 100,000 population per 
annum of cancer of the lip and mouth; B: Global mortality rates 
from cancer of the lip and mouth; C: Global incidence of cancer 
of the pharynx [excluding nasopharynx]; D: Global mortality 
rates from cancer of the pharynx [exc nasopharynx].4 
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