Oral Squamous Cell Carcinoma – Progresses from Risk
Assessment to Treatment
Li MAO1

Oral squamous cell carcinoma (OSCC) is the most common cancer type in head and neck
with approximately 500,000 new cases diagnosed each year worldwide. Advances have been
made from cancer risk assessment to treatment. However, the clinical impact of these advances
has been modest so far. With an increased understanding of genetic and epigenetic features
in oral tumorigenesis, novel biomarkers have emerged and been tested for their potential use
in assessing oral cancer risk and OSCC classification. New therapeutic strategies targeting
molecules critical for OSCC maintenance and progression have shown promise. This article
provides a general picture of the current status in the field of OSCC clinical and translational
research for the oral health community.
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O

ral squamous cell carcinoma (OSCC) is one of the
most common cancer types in the world, with an
estimated incidence of more than 500,000 cases worldwide. In the United States alone, it is estimated that
40,250 people, including 28,540 men and 11,710 women will be diagnosed with OSCC in 2012, representing
2.5% of all newly diagnosed cancers and 1.4% of cancerrelated deaths1. In addition to death, OSCC is associated
with tremendous disease- and treatment-related morbidity and has a 5-year survival rate of approximately 50%,
a rate almost unchanged in the past decades2.
OSCC is a complex disease arising in various anatomic locations, including the oral cavity and pharynx.
Tumours from these different sites have distinct clinical
presentations and clinical outcomes, and are treated
with different strategies, with either single treatments
or a combination of surgery, radiotherapy, and chemotherapy. With increased understanding of molecular
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mechanisms in oral tumorigenesis, novel strategies
have been developed for early detection, classification,
prevention, and treatment of OSCC.
Tobacco consumption and alcohol drinking are two
of the key risk factors for development of OSCC3.
However, the exact mechanisms by which tobacco
carcinogens and alcohol induce transformation and
malignant progression of epithelial cells in the oral
cavity are not fully understood because most of the
tobacco and alcohol users do not develop OSCC in their
lifetimes. Additionally, approximately 20% of OSCC
patients, particularly females and those with younger
ages have no tobacco use and alcohol drinking history.
These observations underscore the complexity of oral
tumorigenesis and the importance of gene-environment
interactions in OSCC development.
Like other epithelial cancers, OSCC is a result of
the accumulation of multiple genetic and epigenetic
alterations, which takes years or decades (Fig 1). These
alterations include deletion of tumour suppressor genes,
inactivation mutations of tumour suppressor genes, de
novo promoter methylation of tumour suppressor genes,
and amplification or overexpression of oncogenes.
Many of these alterations occur in the early process and
can be detected in so-called oral premalignant lesions
(OPLs) and even in histologically normal airway epithelium chronically exposed to tobacco carcinogens4–6.
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Fig 1 Multistep process of oral tumorigenesis. Multiple genetic and epigenetic
alterations accumulate in oral epithelial
cells leading to malignant transformation and progression. Identifying and
characterising these alterations can
accelerate biomarker development to
assess cancer risk and classify tumours.
It can also provide molecular targets for
personalised prevention and treatment.

Further characterisation of the molecular processes
underlining OSCC development will be essential for
the development of novel strategies from cancer risk
assessment to targeted treatment.
Aetiology
Epidemiological studies build a strong link between the
use of tobacco and development of OSCC. Alcohol is
another independent risk factor of OSCC and plays a
synergistic role when used together with tobacco. The
risk of developing OSCC increases up to ninefold in
heavy smokers and may increase as much as 100-fold
in heavy smokers who also drink heavily, compared to
those who neither smoke nor drink7. Mutations of p53
have been found more frequently in OSCC of smokers
and drinkers than in those of other patients8, suggesting
that inactivation of the p53 tumour suppressor gene is
important in tobacco and alcohol related OSCC. However, such association is not always strong in large prospective clinical studies9, in part probably due to quality
of data collected from the participants.
Human papillomavirus (HPV) has become a key aetiology factor of OSCC, particularly for tumours located
at the oropharynx; almost half of the oropharyngeal
cancers may be the result of HPV infection10,11. The
prevalence of HPV infection in the oral cavity is almost
7% in the US population between the ages of 14 and 69
years based on a recent study12. It is estimated that if
the current trend continues, the number of HPV-induced
OSCC cases might surpass the annual number of cervi-
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cal cancer cases by 202013. Mechanistically, because
the E6 protein produced by the oncogenic high-risk
types of HPV, such as HPV-16 and HPV-18, can bind
to p53 protein to accelerate its degradation, thereby
limiting the protein’s ability to inhibit cell proliferation,
it can induce apoptosis, and prevent accumulation of
substantial genetic damage. Thus, HPV-induced OSCC
rarely carries p53 mutations due to the mechanism of
the E6-protein11,14, which supports the role of HPV in
the development of a subset of OSCC.
Other risk factors for OSCC include: poor hygiene
in the oral cavity; environmental contaminants such as
paint fumes, plastic by-products, and gasoline fumes;
gastro-oesophageal reflux; certain diets; and use of marijuana. In patients with OSCC who lack clear exposure
to the common aetiological factors, the identification of
hidden factors will be critical for developing strategies
to prevent and treat the disease.
Histological and clinical classification
OSCC is graded histologically as well, moderately, or
poorly differentiated carcinoma. Well-differentiated
tumours contain orderly stratification and heavy keratinisation in a pear formation. Moderately differentiated
tumours have prickle cells, some stratification, and less
keratinisation. Poorly differentiated tumours are still
recognisable as squamous cell carcinomas but manifest
prominent nuclear pleomorphisms and atypical mitosis.
Although the histologic differentiation status is required
in pathology reports of OSCC, it provides limited infor-
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mation to surgeons and oncologists to guide their treatment decisions because such differentiation status does
not relate to treatment responses and clinical outcomes.
The anatomic location of OSCC is, however, an
important factor in treatment decision consideration
because tumours arising from different locations often
have distinct clinical outcomes and responses to treatment regimens. For example, tumours in the hypopharynx have a higher probability to metastasize compared
to tumours in the oral cavity. Tumours at the oropharyngeal site, particularly with HPV positivity, are sensitive
to chemoradiotherapy with very high cure rates15.
The TNM staging system can provide clinically
useful information to clinicians to guide treatment
selection. The survival rates of patients with OSCC are
strongly associated with TNM stages. The system is
based on tumour size and invasion features (T stage),
regional lymph node spread (N stage), and the presence of distant metastasis (M stage). However, patients
classified in the same stage may have very different
responses to the same treatment and different clinical
outcomes, indicating the limitation for the clinical staging system and calling for better, probably molecularly
based classification systems in the future.
Molecular basis of OSCC
Deletion in one of the two alleles at chromosomes 3p
(multiple regions) and 9p21 is the most frequent genetic
alterations in oral premalignant lesions with only mild
histologic changes, such as hyperplasia and mild dysplasia, and even in some normal appearing epithelial cells4.
Because these chromosomal regions harbor tumor suppressor genes, such as FHIT at 3p14 and p16INK4a at
9p21, such deletions might promote malignant transformation. This theory is supported by the observation that
the lesions of oral leukoplakia with deletions at 3p14 and
9p21 carry a higher risk for transformation into invasive
OSCC4,16,17. Oral leukoplakia is the most common head
and neck premalignant lesion and has malignant transformation rates at 23% to 24% consistently observed in
prospective studies18,19.
However, our ability to predict the malignant potential of these lesions based on pathologic findings is
very limited. Because a number of molecular alterations
exist in these lesions, it is plausible that these alterations, if they can be consistently measured, may serve
as parameters (biomarkers) to better predict the cancer
risk of these lesions.
A critical, probably essential, event that occurred in
the early oral tumorigenic process is the reactivation of
telomerase20,21. More than 90% of OSCCs have activat-
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ed telomerase activity and such activation can be traced
to epithelial cells with dysplastic changes. Because
telomerase can elongate telomeres that shorten after
each cell division, the reactivation will allow the cells
to divide indefinitely providing time for the cells to
accumulate multiple genetic/epigenetic abnormalities.
Califano et al analysed head and neck lesions at
various stages of tumorigenesis and developed a progression model based on DNA deletions at multiple
chromosomal regions22. The most common mutations
found in OSCC are in p53 tumour suppressor genes
with a frequency of about 50%8,23. Inactivation of p53
makes OSCC more resistant to radiotherapy and oral
premalignancies less sensitive to retinoid-based chemopreventive strategies24,25. Recently, using the next
generation sequencing methods, two research groups
simultaneously reported the identification of Notch1
mutations in almost 20% of head and neck squamous
cell carcinomas26,27. Based on the types of mutations,
investigators suggest that Notch may be inactivated in
these cancers and play a role as a tumour suppressor26.
Gene amplification and protein overexpression can
be detected in OSCC. Cyclin D1, for example, is frequently amplified and overexpressed in early stage oral
tumorigenesis28. Overexpression of epidermal growth
factor receptor (EGFR) is another example and has
been the basis for targeting as therapeutic and preventive strategies29–31. p63, a p53 homolog with oncogenic
property, is also frequently amplified and overexpressed
in OSCC32.
Gene expression silencing by promoter hypermethylation is another common mechanism to inactivate
tumour suppressor genes in OSCC development33,34.
Aberrant pre-mRNA splicing is another epigenetic
mechanism that may inactivate tumour suppressor
genes and generate oncogenes35.
Many of these molecular abnormalities, particularly
DNA deletions and amplifications, are the consequence
of genomic instability. Understanding the mechanism
for genomic instability may lead to novel preventive
or therapeutic strategies, preventing or minimizing
genomic instability.
Field cancerisation and multiple tumours
The concept of field cancerisation was introduced to
explain why multiple primary tumours can develop in
the upper aerodigestive tract36. There are recent debates
regarding the concept because some clinically diagnosed second primary tumours distant from the original
(index) tumours carry clonal genetic traces of the index
lesions37. We further analysed a large cohort with mul-
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tiple oral premalignant lesions (OPLs) or OSCC and
found that clonal genetic changes occurred in both invasive and noninvasive lesions, although the probability
of clonal changes increased with tumor progression.
However, some multiple oral lesions developed independently, which supports the role of field cancerisation
in multiple OPLs and OSCC38.
Cancer risk assessment and prevention
The development of OSCC requires accumulation of
multiple genetic and epigenetic alterations. Therefore,
many of these alterations may serve as biomarkers in cancer risk assessment and/or targets for cancer prevention.
Biomarkers show a great promise in improving cancer risk assessment and early diagnosis. We have shown
that loss of heterozygosity can be used as a predictive
marker for oral cancer risk4, which has been recently
validated in a large-scale prospective clinical trial17.
Various other methods have also been used to develop
predictive biomarkers. Using these methods, we have
developed a panel of biomarkers from single protein
biomarker to genetic and epigenetic marker panels to
assess individuals’ oral cancer risk39–43.
Previously, high-dose retinoids have shown efficacy in
the reversal of early OPLs, but are associated with considerable toxicities44. The efficacy of retinoids on moderately and severely dysplastic lesions were addressed
  
             
13-cis-retinoic acid45. However, the activity of this combination in reversing histology OPLs did not result in an
elimination of clones with genetic abnormalities leading
to a high relapse46, which highlights the potential role
of genetic markers in assessing treatment responses.
The possibility of preventing second primary tumours
has also been suggested based on a randomised, doubleblinded, placebo-controlled trial of high-dose 13-cisretinoic acid clinical trial for patients with head and neck
squamous cell carcinoma47. However, these results were
not confirmed by studies with low-dose 13-cis-retinoic
acid48 or with different retinoids49. Some new strategies
have also been tested, such as targeting p53 abnormalities, selective cyclooxygenase-2 inhibitors, EGFR kinase
inhibitors, and the extracts of green tea.
Treatment strategies
The major treatments for OSCC have always been surgery, radiotherapy, and chemotherapy. In surgery, the
focus has been in organ conservation and more effective reconstruction. In radiotherapy, high-dose fraction
approaches and intensity-modulated radiation therapy

86

(IMRT) have been introduced to increase treatment efficacy and reduce toxicities50,51. Increasingly, treatment
strategies have incorporated chemotherapy as an integral component of potentially curative therapy aimed at
organ preservation, optimal disease control, quality of
life, and survival improvement. Induction chemotherapy
followed by radiotherapy and the concurrent chemotherapy and radiotherapy have been actively investigated.
The rationale for these approaches lie in its potential to
overcome radiation resistance within the irradiated field
and to eliminate metastatic cancer cells. A meta-analysis
that included 63 randomised studies conducted between
1965 and 1993 showed an absolute survival benefit of 4%
at 5 years with the addition of chemotherapy to locoregional treatment. The survival benefit was confined to
trials that compared concomitant chemoradiotherapy
with radiotherapy alone (absolute survival benefit for
chemoradiotherapy, 8% at 5 years)52. Results from several phase III studies uniformly support the superiority
of concurrent chemoradiotherapy over radiation alone in
the setting of unresectable head and neck cancer2. The
potential use of multiagent chemoradiotherapy has been
investigated with satisfactory results53,54.
In the setting of recurrent and metastatic disease,
single agents with activity in the range of 15% to 30%
include methotrexate, cisplatin, carboplatin, 5-fluorouracil, paclitaxel, and docetaxel. Combination chemotherapy has been shown to result in significantly higher
response rates than those achieved by single-agent
chemotherapy. The combination of cisplatin and 5-fluorouracil given by continuous intravenous infusion is the
most frequently used regimen2, although it has resulted
in no improvement in the median duration of survival of
6 months or in the overall survival rates. Similarly, randomised trials directly comparing newer regimens, such
as paclitaxel or docetaxel plus cisplatin or carboplatin,
with the standard cisplatin and 5-fluorouracil regimen
have not shown superiority in terms of survival rate.
New treatment strategies for OSCC have centred on
patients with recurrent and metastatic disease. These
new drugs, designed to target specific molecular defects
unique to the cancer cells, such as tyrosine kinase
inhibitors (TKIs) and mammalian target of rapamycin
(mTOR) inhibitors.
EGFR is overexpressed more than 80% OPLs and the
overexpression is generally associated with an adverse
outcome55. EGFR is a member of the ErbB receptor
        
cause receptor dimerisation leading to activation of signal transduction pathways through phosphorylation of
the receptor tyrosine kinases and their substrates, which
can result in cell proliferation, tumour growth, and inva-
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sion and metastasis56. Several strategies to inhibit the
EGFR pathway have been developed, including the use
of TKIs, antibodies, ligand-linked toxins, and antisense
oligonucleotides57. Cetuximab, a monoclonal antibody,
has been shown to cause response in 10% to 14% of
platinum-resistant patients with head and neck cancer
when the antibody was added to a regimen of cisplatin
or carboplatin after documented progression of the
disease57. In a phase III clinical trial, adding cetuximab
to radiotherapy improved locoregional control and the
overall survival in patients with head and neck squamous cell carcinoma58 leading to a regulatory approval
of using this regimen for patients with locally advanced
head and neck squamous cell carcinoma. It appears
that patients with above moderate cetuximab-induced
skin rash had a better treatment outcome than those
with mild skin reactions59. Reversible and irreversible
TKIs have also been tested in clinical trials – alone
and in combination with chemotherapy. Gefitinib and
erlotinib are reversible TKIs that have been approved
to use in patients with advanced non-small cell lung
cancer. Phase II studies of both compounds have been
completed in patients with recurrent and metastatic
head and neck squamous cell carcinoma and have found
that the drugs are tolerable60,61. Additionally, trials will
be needed to determine whether such regimens may
improve clinical outcomes. Some additional targets currently in clinical development for patients with OSCC
include mTOR inhibitors, insulin-like growth factorsignalling blockers, histone deacetylase inhibitors, and
heat shock protein 90 inhibitors.
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