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Oral cancer is a significant public health challenge globally. Although the oral cavity 
is easily accessible, early diagnosis remains slow compared to the enhanced detection 

of cancers of the breast, colon, prostate, and melanoma. As a result, the mortality 
rate from oral cancer for the past four decades has remained high at over 50% in 

spite of advances in treatment modalities. This contrasts with considerable decrease 
in mortality rates for cancers of the breast, colon, prostate, and melanoma during 
the same period. This book attempts to provide a reference-friendly update on the 
etiologic/risk factors, current clinical diagnostic tools, management philosophies, 

molecular biomarkers, and progression indicators of oral cancer.
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Preface 
 

Human cancers of the oral and oropharyngeal areas have since emerged as significant 
public health challenge globally, but particularly so in countries of the Southeast Asia. 
Although the oral cavity and oropharynx are as easily accessible as is the population at 
risk, early diagnosis has been painfully slow when compared to the enhanced early 
detection of cancers of the breast, colon, prostate, and melanoma. As a result, the 
mortality rate from oral cancer for the past four decades has remained high, at over 
50%, in spite of advances in treatment modalities. This contrasts with a considerable 
decrease in mortality rates for cancers of the breast, colon, prostate, and melanoma 
during the same period. In spite of increased diligence on the part of the clinicians in 
their examination of patients at risk, early diagnosis of oral cancer continues to be 
impeded and elusive because of the persistence of outdated paradigms, and the lack of 
an easily available diagnostic adjunct. This is particularly evident in the persistent 
challenge of deciphering the malignant potentials of the various oral premalignant 
lesions (OPLs). In order to increase the early detection of oral cancer with the 
attendant increase in survival rates, and OPLs with the likelihood of transition to oral 
cancer, there is the need to identify diagnostic screening modalities that accurately 
predict the malignant potentials of OPLs.  

This book is an attempt to provide a comprehensive, yet reference-friendly, update 
encompassing the spectrum of etiologic/risk factors, current clinical diagnostic tools, 
management philosophies, and molecular biomarkers and progression indicators of 
oral and oropharyngeal cancers. Accordingly, the scope has necessitated the 
painstaking contributions, from notable experts drawn from across the globe, of 
detailed reviews and nascent research reports on aspects of the subject matter.  

For convenience of reference, the book has been divided into three sections: Section I 
(Epidemiology and Risk Factors; Chapters 1-8) covers various aspects and 
perspectives of the Epidemiology and Etiologic/risk factors of oral and 
oropharyngeal cancers, while Section II (Diagnosis and Management; Chapters 9-15) 
provides an update of the various diagnostic and treatment modalities. Finally, 
Section III (Molecular Pathogenesis; Chapters 16-20) covers highlights on selected 
but recent advances on the molecular processes involved in the biology of oral 
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cancer as well as their potential significance in diagnosis, management, and 
therapeutic approaches to oral cancer.  

 
Kalu U. E. Ogbureke, BDS, MSc, DMSc, JD, FDSRCS, FDSRCPS(G), FRCPath 

College of Dental Medicine 
Georgia Health Sciences University 

USA 
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Overview of Oral Cancer 
Kalu U. E. Ogbureke1,* and Christopher Bingham2 

1Department of Oral Biology, College of Dental Medicine,  
Georgia Health Sciences University, Augusta, Georgia,  

2Department of Periodontology, College of Dental Medicine,  
Georgia Health Sciences University, Augusta, Georgia, 

USA 

1. Introduction 
Cancer is the second most common cause of death in the Western world, after cardiovascular 
diseases (Johnson, 1991; 2001). Worldwide, an estimated cancer incidence of about 10 million 
was reported for the year 2009 (Jemal et al., 2010), and 1 out of every 3 persons is estimated to 
suffer from cancer by the age of 75 years (Johnson, 1991; 2001). It is also estimated that about 
7.9 million people world-wide will die from cancer this year (Jemal et al., 2010), accounting for 
nearly 12% of deaths worldwide (Jemal et al., 2010). In the United States alone, an estimated 
569,490 deaths from cancer are projected for the 2010 (Jemal et al., 2010). Recent published 
estimates of worldwide frequency of the 16 major cancers indicate that in developing countries 
with a high prevalence of infectious and nutritional diseases, cancer remains a major cause of 
death (Parkin, Laara and Muir, 1988). This may account partly for the current statistics 
whereby more than half the global incidence of cancer is from the so-called developing 
countries, since an estimated 70-80% of the global population resides in these areas (Parkin et 
al., 1998). The estimated annual incidence of cancer ranges from 48 to 225 per 100,000 in 
developing countries (Parkin et al., 1998). 

2. Oral cancer – Epidemiologic overview 
“Oral cancer” encompasses all malignancies originating in the oral cavity. Oral cancer ranks 
sixth in the overall incidence for the 10 most common cancer sites worldwide and third in 
the developing countries (Johnson, 2001)). There is also a marked disparity in geographic 
incidence between the “high” and “low” prevalence areas of the world, suggesting major 
geographic differences in risk factors (Johnson, 1991; 2001). Most of these factors have been 
identified through epidemiologic studies.  

For statistical purposes, oral cancer is often grouped together with cancers of the pharynx as 
“oropharyngeal” cancer (Daftary et al., 1992). In the Western world, oral cancer is relatively 
uncommon, and in the context of all malignant tumors, incidence in the United States and 
Great Britain ranges from 2 to 3% (Batsakis, 1979; Jemal et al., 2008).  Relative incidence of 
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up to 5% however has been reported for the United States (Batsakis, 1979), and higher rates 
have been reported for the so-called “high risk” areas of Europe with incidence equally 
varying with different socioeconomic groups within these areas (Johnson, 1991). 
Worldwide, it is estimated that about 300,000 people will be diagnosed with oral cancer in 
2010 (Jemal et al., 2010).  Of these, 126,000 will die from the disease (Jemal et al., 2010). In the 
United States alone, an estimated 35,000 new cases of oral cancer will be diagnosed in 2009 
with an estimated 7,500 resultant deaths (Jemal et al. 2008). In the Asian subcontinent of 
Bangladesh, India, Pakistan, and Sri Lanka, oral cancer is the most common malignancy, 
accounting for about one-third of all malignancies within the subcontinent (Daftary et al., 
1991; Jonson, 2001). About 100,000 new cases are estimated to occur annually in these 
regions that include Burma, Cambodia, Malaysia, Nepal, Singapore, Thailand, and Vietnam 
(Daftary et al., 1991).   

The paradox in the foregoing gloomy statistics is that, although the oral cavity and 
oropharynx are easily accessible to dentist and physicians for routine examinations and the 
biopsy of suspicious lesions that often present with outstanding features, early diagnosis has 
been painfully slow when compared with the enhanced early detection of breast, colon, 
prostate cancers, and melanoma (Mashberg A, 2000). As a result, the mortality rate from oral 
cancer for the past three and a half decades has remained high (over 50%) in spite of new 
treatment modalities. In contrast, there has been a considerable decrease in mortality rates 
for cancers of the breast, colon, prostate, and melanoma during the same period (Mashberg 
A, 2000). Examination of the colonic mucosa, which requires endoscopic examination for 
evaluation of colon cancer, reveals 36% of localized colon cancers among the United States 
population (Mashberg A, 2000). An identical percentage of localized oral/oropharyngeal 
cancers are diagnosed without endoscopy among the same population (Mashberg A, 2000). 
This paradox was eloquently summed up in a four decades-old publication highlighting  
“. . . the poor prognosis of a form of cancer, which presents exceptionally good opportunity 
for early treatment” (Banoczy and Csiba, 1976; Wright 1994).  

The impediment to early diagnosis of oral and oropharyngeal cancers, despite increased 
assiduousness on the part of dentists and oral physicians in their examination of patients at 
risk, stems from the persistence of archaic paradigms, and the lack of an easily available 
diagnostic adjunct. In order to increase the early detection of oral cancers, and by so doing 
increase the survival rates of oral cancer patients, there is therefore the need to identify 
diagnostic screening modalities that identify early oral malignant lesions with precision.  

About 95% of oral cancers are classified histologically as oral squamous cell carcinoma 
(OSCC; Mashberg, 2000; Johnson, 2001, Sargeran et al., 2008). The remaining 5% include 
such histologic variants as oral verrucous carcinoma, adenosquamous carcinoma, adenoid 
squamous cell carcinoma, mucoepidermoid carcinoma, and basaloid squamous cell 
carcinoma.  Mucoepidermoid carcinomas are malignancies of salivary gland origin and, 
within the oral cavity, arise from minor salivary glands, while adenosquamous 
carcinomas are currently believed to arise from the oral mucosa with subsequent 
glandular changes among the tumor cells.  Basaloid squamous cell carcinoma, a relatively 
newly recognized entity, is a rare histologic variant of OSCC with marked predilection for 
the base of tongue in addition to the supraglottic larynx and hypopharynx. Often 
included in the remainders are metastatic carcinomas from regional sites distant to the 
oral cavity. 
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3. Etiologic risk factors for oral cancer 
Oral cancer is a multifactorial disease. Exposure to one of three broad groups of 
carcinogenic stimuli, namely, chemical, physical, and viral, is known to induce cancer in 
genetically and systemically conditioned oral mucosa. Within the oral cavity, it appears that 
carcinomas are caused predominantly by chemical carcinogens, although evidence 
implicating viral and physical stimuli in the development of some oral cancers continues to 
mount (Syrjanen, 2005; Reddout et al., 2007). The pathogenesis of oral cancer is equally 
complex, and exposure to carcinogens does not inevitably result in the development of oral 
cancer. This is because a number of familial, dietary, hormonal, and sex-related factors are 
known to modulate neoplastic processes generally. Tobacco and alcohol have emerged as 
the most important culprits contributing to the etiology of oral cancers. Other factors 
frequently cited are ultraviolet light, nutritional and dietary factors, precancerous lesions, 
immunosuppression, genetic, and dental factors. 

3.1 Tobacco and tobacco products 

An association between the use of tobacco and oral cancer can be traced to the early 18th 
century, when lip cancer was observed with some frequency in tobacco users (Sawyer and 
Wood, 1992). The strong association of cancers of the oral cavity and oropharynx with 
tobacco use is well established (Johnson, 2001). Epidemiological studies show that the risk of 
developing oral cancer is five to nine times greater for smokers than for nonsmokers, and 
this risk may increase to as much as 17 times for heavy smokers of 80 or more cigarettes per 
day (Neville and Day, 2002). Approximately 80 percent of oral cancer patients are smokers, 
and this is two to three times greater than that of the general population (Silverman and 
Griffith, 1972; Blot et al., 1988; Mashberg et al., 1993; Jovanovic et al., 1993; Andre et al., 1995, 
Lewin et al., 1998). In addition, treated oral cancer patients who continue to smoke have a 
two- to six- times greater risk of developing a second malignancy of the upper aerodigestive 
tract than those who stop smoking (Silverman and Griffith, 1972; Silverman and Shillitoes, 
1998).  

Oral smokeless tobacco (snuff and chewing tobacco) have also been associated with an 

increased risk for oral cancer (Brown et al., 1965). In one study of women in the southern 
United States, chronic users of snuff were estimated to have a four times greater risk of 
developing oral cancer (Winn et al., 1981, Johnson, 2001). In addition, a significant number 
of oral cancers in smokeless tobacco users develop at the site of tobacco placement. 
However, the use of smokeless tobacco appears to be associated with a much lower cancer 
risk than that associated with smoked tobacco. For example, although the state of West 
Virginia has the highest consumption of chewing tobacco in the United States, the incidence 
of oral cancer in West Virginia is below the U.S. national average (Bouquot and Meckestroth, 
1998). Recent studies from Scandinavia have suggested that the use of Swedish snuff (which 

is nonfermented and has lower nitrosamine levels) is not associated with an increased risk 
for oral cancer (Johnson, 2001; Neville, 2002).  

The habit of oral smokeless tobacco use is evolving as “fashionable” amongst the youth in 
many Western countries, and may partly account for spikes in the rate of oral cancers and 
potentially malignant lesions observed in this age group in recent decades (Johnson, 1991). 
The importance of teenage use of smokeless tobacco lies in the considerable length of time 
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that the oral mucosa of teenagers indulging in this habit are bathed in high concentrations of 
numerous carcinogens contained in smokeless tobacco (Sawyer and Wood, 1992). In 
addition to carcinogens usually associated with smoking, smokeless tobacco contains 
210polonium (originating from phosphate fertilizers used to grow tobacco), 226radium, and 
210lead (Main and Lacavalier, 1988). Furthermore, tobacco-specific nitrosamines present in 
smokeless tobacco, and readily extracted in saliva and further enhanced in alkaline 
environments, often are of higher concentrations than in cigarette smoke (Sawyer and 
Wood, 1992).  

In India and Southeast Asia, the chronic use of betel quid (paan) in the mouth has been 
strongly associated with an increased risk for oral cancer (Murti et al., 1985; Murti et al., 
1995). The quid typically consists of a betel leaf that is wrapped around a mixture of areca 
nut and slaked lime, usually with tobacco and sometimes with sweeteners and condiments. 
The slaked lime results in the release of an alkaloid from the areca nut, which produces a 
feeling of euphoria and well-being in the user. Betel quid chewing often results in a 
progressive, scarring precancerous condition of the mouth known as oral submucous 
fibrosis. In India, one study showed a malignant transformation rate of 7.6 percent for oral 
submucous fibrosis (Murti et al., 1985).  

Marijuana use is also considered to be a potential risk factor and may be partly responsible 
for the rise in oral cancers seen among young adults (Zhang et al., 1999; Silverman, 2001; 
Schantz and Yu, 2002). Marijuana smoke contains known carcinogens such as benzopyrene 
and benzanthracene (aromatic hydrocarbons), and the concentration of these carcinogens is 
postulated to be considerably higher than that in cigarette smoke (Sawyer and wood, 1992). 
However, further epidemiological studies are necessary to confirm the purported association 
of marijuana and oral cancer, particularly in younger patients.  

3.2 Alcohol 

The relationship between alcohol, particularly hard liquor, and squamous cell carcinoma 
has been recognized for a long time (Wynder, 1971), and has been identified as a major risk 
factor for cancers of the upper aerodigestive tract (Neville and Day, 2002). What presented 
as a significant challenge, until recently, was the assessment of the independent role of 
alcohol in oral cancers due to the difficulty in separating the effects of heavy alcohol 
consumption from those of smoking and other risk factors, including nutritional (Kato and 
Nomura, 1994). Most heavy consumers of alcohol beverages also are heavy smokers.  

In studies controlled for smoking, moderate-to-heavy drinkers have been shown to have a 
three- to nine- times greater risk of developing oral cancer (Blot et al., 1988; Mashberg et 
al., 1993; Jovanovic et al., 1993; Andre et al., 1995; Lewin et al., 1998). One study from 
France showed that heavy drinkers, consuming more than 100 grams of alcohol per day (a 
typical serving of beer, wine, or liquor approximates 10 to 15 grams of alcohol), had a 30 
times greater risk of developing oral and oropharyngeal cancer (Andre et al., 1995). Thus, 
it would appear that smoking is not a necessary prerequisite for alcohol induced cancers. 
Of greater significance however is the synergistic effect of alcohol and smoking; some 
subsets of patients who are both heavy smokers and heavy drinkers can have over one 
hundred times greater risk for developing a malignancy (Blot et al., 1988; Andre et al., 
1995).  
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of marijuana and oral cancer, particularly in younger patients.  
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factor for cancers of the upper aerodigestive tract (Neville and Day, 2002). What presented 
as a significant challenge, until recently, was the assessment of the independent role of 
alcohol in oral cancers due to the difficulty in separating the effects of heavy alcohol 
consumption from those of smoking and other risk factors, including nutritional (Kato and 
Nomura, 1994). Most heavy consumers of alcohol beverages also are heavy smokers.  

In studies controlled for smoking, moderate-to-heavy drinkers have been shown to have a 
three- to nine- times greater risk of developing oral cancer (Blot et al., 1988; Mashberg et 
al., 1993; Jovanovic et al., 1993; Andre et al., 1995; Lewin et al., 1998). One study from 
France showed that heavy drinkers, consuming more than 100 grams of alcohol per day (a 
typical serving of beer, wine, or liquor approximates 10 to 15 grams of alcohol), had a 30 
times greater risk of developing oral and oropharyngeal cancer (Andre et al., 1995). Thus, 
it would appear that smoking is not a necessary prerequisite for alcohol induced cancers. 
Of greater significance however is the synergistic effect of alcohol and smoking; some 
subsets of patients who are both heavy smokers and heavy drinkers can have over one 
hundred times greater risk for developing a malignancy (Blot et al., 1988; Andre et al., 
1995).  
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While the mechanism of alcohol-induced carcinogenesis remains unclear, it is apparent that 
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has been identified in primary tumors of the tonsil, hypopharynx, oral cavity, tongue, and 
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The prevalence of HPV-16 in OSCC is now considered to be as high as 50% if not more, 
making it likely that every alternate OSCC patient is HPV-16 positive (Syrjanen, 2005; 
Reddout, 2007). The association is strongest in the oropharynx, most notably in the tonsil 
and base of tongue, which present more frequent basaloid histomorphology and less 
frequent p53 mutations (Clifford et al., 2003). In addition, HPV-16 has been detected in 
extremely low copy numbers (compared to copy numbers in OSCC and dysplastic OPLs) in 
some human “normal” oral mucosa (NOM), suggesting that a threshold viral DNA copy 
number is required for the role of oncogenic HPVs in oral carcinogenesis. HPV-18 is far less 
commonly associated with oral cancers, and has been found in up to just 14 percent of cases 
(Kang and Park, 2001). 

It is now established that the products of two early genomic regions of high-risk HPVs, E6 
and E7, are capable of forming specific complexes with vital cell cycle regulators (Kang and 
Park, 2001). For example, E6 binds to p53 to induce p53 degradation, while E7 interacts with 
pRb resulting in blockage of the downstream activities of pRb (Kang and Park, 2001). Both 
p53 and pRb are oncosuppressors, and the overall outcome of their functional dysregulation 
is an uncontrolled DNA replication and impairment of apoptosis. The combined effects of 
apoptotic impairment and uncontrolled DNA replication are increased tendency towards 
cellular transformation and tumorigenesis. 
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3.4 Nutritional factors 

The role of metabolic and dietary deficiencies in the etiology of OSCC was long suspected 
before concrete evidence began to emerge. Peterson (1919) and Kelly (1919) independently 
described the symptom complex of chronic dysphagia, mucosal atrophy of the 
hypopharynx, and chronic anemia in middle-aged women who also had cricoid carcinomas. 
The term sideropenic dysphagia was introduced, and used to describe the disease complex 
now referred to as Paterson-Kelly (or Plummer-Vinson; P-V) syndrome. P-K syndrome is 
marked by diminished iron stores and the absence of stainable bone marrow iron. Other 
components of the syndrome include riboflavin and other vitamin deficiencies. Subsequent 
studies by Ahlbom (1936) confirmed not only the importance of P-K syndrome in the 
development of pharyngeal cancers, but also showed that this applied to the buccal mucosa, 
tongue, and all levels of the esophagus. 

There is a high incidence of oral cancer in parts of the world where iron deficiency is endemic 
(Prime, MacDonald and Rennie, 1982). Iron metabolism is essential for the overall integrity 
and health of epithelia of the digestive tract, and its importance may lie in its contribution to 
normal enzymes. Rennie and MacDonald (1982), and Rennie, MacDonald and Dagg (1982) 
demonstrated quantitative histologic changes in the oral epithelium in human iron deficiency 
anemia and in experimental iron deficiency in hamsters. The authors noted that the oral 
epithelium in iron deficiency is atrophic with reduced maturation compartment, but an 
increased keratinized compartment (Rennie et al., 1982). Subsequent cell kinetic studies by 
Rennie and MacDonald (1984) showed increased cell proliferation, indicating that, in spite of 
the atrophy, epithelial turnover is rapid. This observation suggested a possible increase in 
susceptibility to chemical carcinogens due to both an increase in the population of potentially 
vulnerable dividing cells and to a more permeable epithelium. 

Increased cancer risks also are attributable to dietary factors, notably low intake of fruits and 
vegetables (Winn et al., 1984; Winn, 1995). Increased consumption of fruits and vegetables 
were said to be protective against oral cancer when controlled for demographic 
characteristics, tobacco and alcohol use, relative weight, and the intake of other food items 
(Winn et al., 1984). The reduction of risk is seen to be consistent with the hypothesis that 
Vitamin C and/or Vitamin A and ß-carotene intake is associated with a reduced risk of oral 
and pharyngeal cancers (Ibrahim, Jafarey and Zuberi, 1977). Interestingly, intervention trial 
studies with ß-carotene and Vitamin A in patients with oral precancer have been shown to 
result in substantial regression of the lesions (Stich et al., 1988a, 1988b). 

Degenerative changes occur in riboflavin deficiency, a frequent finding in alcoholics. This 
may partly explain the relationship between alcoholism and oral cancer (Wynder and Klien, 
1965). It also may be that alcohol increases the risk of oral cancer by lowering nutritional 
status via a substitution of non-nutritive calories for vitamins, minerals, and other elements; 
alternatively, that poor nutrition allows the deleterious effects of alcohol to be manifested. 

3.5 Impaired immunity 

Generally, patients with malignancies have some degree of immunosuppression that tends 
to worsen with the progression of their malignancy. Immunosuppression appears to 

predispose some individuals to an increased risk for oral cancer. Carcinomas of the lip have 
been reported in a number of kidney transplant patients receiving immunosuppressive 
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medications, and oral carcinomas have been documented in young AIDS patients (van 
Zuuren, de Visscher JGAM, Bouwes Bavinck JN, 1988; Flaitz et. al., 1995; de Visscher, 
Bouwes Bavinck JN and van der Waal, 1997; Flaitz and Silverman, 1998). It is however still 
debated as to whether immunosuppression in malignant disease represents an effect or a 
cause of the malignancy. Some studies have suggested that immunosuppressive states may 
represent the effect rather than the cause of cancer (Johnson, 1991), while others have 
suggested that OSCC, despite its local manifestations, is most likely a “regional” disease 
process that becomes “clinically significant” only when the patient’s immunologic status is 
altered (Mashberg and Samit, 1989). 

It would appear however that a factor such as advanced age, which diminishes immune 
competence and immune cellular surveillance, increases the risks of oral cancer. Overt 
immune suppression induced by chemicals or drugs, or caused by specific viral infections 
such as the human immunodeficiency virus (HIV), or Epstein Barr virus (EBV), increases the 
risk of oral cancers. Barr et al. (1989); Bradford et al. (1990) variously suggested that HPV 
may play an etiologic role in squamous cell carcinoma in renal allograft recipients. 

3.6 Oral Premalignant Lesions 

Oral premalignant lesions (OPLs) are lesions, often presenting on the oral mucosa, which 
possess a higher than normal propensity for transformation to OSCC with time if untreated. 
The current model for oral carcinogenesis postulates a step-wise transformation from 
normal to pre-malignant to invasive carcinoma phenotype.  Histologically, the transition 
process involves progression from benign epithelial hyperplasia to various degrees of 
epithelial dysplasia (mild, moderate, severe) to carcinoma in situ, and finally to invasive 
OSCC. With respect to transition to OSCC, oral leukoplakia, oral erythroplakia, and 
speckled leukoplakia are the most notable and most studied OPLs (Figure 1.1). The 
transition rate of oral leukoplakia to OSCC is estimated at between 4 and 18%, while that of 
OLP is to be between 1 and 4%.  

Although erythroplakia is not nearly as common as leukoplakia, it is much more likely to 
show dysplasia or carcinoma histologically. In a study by Shafer and Waldron (1975) of 
biopsies of erythroplakic lesions from 65 patients, all cases showed some degree of epithelial 
dysplasia: 51 percent showed invasive squamous cell carcinoma; 40 percent were carcinoma 
in situ or severe epithelial dysplasia; and the remaining 9 percent demonstrated mild-to-
moderate dysplasia (Shafer and Waldron, 1975). Thus, true clinical erythroplakia is a much 
more worrisome lesion than leukoplakia (Mashberg and Samit, 1995). Likewise, in a mixed 
leukoplakia-erythroplakia (erythroleukoplakia), the erythroplakic (red component) is more 
likely to demonstrate dysplastic changes than is the white component, making it imperative 
that that biopsy sites be selected to ensure that the specimen incorporates the red 
component. In addition, a number of studies have suggested that oral lichen planus (OLP), 
especially the erosive form, may be associated with an increased cancer risk, although other 
investigators have questioned the strength of this association (Silverman et al., 1991; Barnard 
et al., 1993; Eisenberg, 2000).  

4. Site distribution in oral cancer 
Symptomatic lesions present with symptoms and signs such as intraoral pain and/or 
dysfunction, extraoral swelling, and cervical lymphadenopathy. These signs and symptoms 
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alert the clinician to the need to evaluate the oral cavity for obvious primary lesions. Site 
distribution in OSCC is usually described in relation to the symptomatic lesions, which are 
often amenable to classification under the “T” category of the TNM classification of 
malignant tumors (Neville and Day, 2002). The TNM classification allows for the clinical 
staging of oral malignant tumors on the basis of the size of the primary tumor, T, the 
absence or presence of corresponding regional node spread, and the absence or presence of 
distant site/organ metastases (Neville and Day, 2002). In OSCC, T1 lesions are 2cm or less in 
greatest dimension; T2 lesions are more than 2cm but not more than 4cm in greatest 
dimension; T3 lesions are more than 4cm in greatest dimension, and T4 lesions are those that 
have invaded adjacent contiguous structures such as the cortical bone, inferior alveolar 
nerve, deep extrinsic muscles of the tongue, maxillary sinus, or salivary glands regardless of 
their apparent visual dimension (Neville and Day, 2002).  

Early asymptomatic lesions are relatively small (T1) and, not infrequently, elude clinical 
diagnosis by conventional systems (Mashberg and Meyers, 1976; Neville and Day, 2002). 
These early asymptomatic lesions, often presenting as erythroplastic lesions, were studied 
by Mashberg and Meyers (1976) who consequently provided guidance toward enhanced 
accurate designation of sites of origin of these early asymptomatic lesions (Mashberg and 
Meyers, 1976). In this respect, the authors further concluded thus: “The described locations 
in the literature may be points of termination or extension of the lesion rather than sites of 
origin, e.g., a symptomatic lesion (T2 or T3) in the floor of mouth may have extended to and 
invaded the alveolus; hence, based on clinical and x-ray evidence, it may have been reported 
as a gingival or alveolar lesion” (Mashberg and Meyers (1976). 

There are geographic variations in the frequency of sites of involvement, probably related 
to such risk factors as occupation and lifestyle, oral habits, and certain socio-cultural 
practices, such as the mode of tobacco use (Paymaster, 1962; Brown et al., 1965). For 
example, presentation of intraoral cancers among the population of the high risk areas of 
Southeast Asia and the Southeast United States is slightly different.  Consistent with the 
role of the risk factors alluded to above the most prone sites in the high risk areas of 
Southeast Asia are the buccal, retromloar, and commissural mucosa (Paymaster, 1962; 
Brown et al., 1965). 

4.1 The lip 

The World Health Organization (WHO) revision of the International Classification of 
Diseases (ICD) defines cancer of the lips as malignant lesions of the vermilion area of the 
upper and lower lips (Daftary et al., 1992). Cancers in these areas are not considered 
intraoral cancers (Daftary et al., 1992). Over 90% of lip cancers involve the lower lip 
(Neville and Day, 2002). Lip lesions are easily detectable partly because the lip is the most 
visible structure of the oral cavity complex. Lip squamous cell carcinomas usually arise in 
actinic cheilosis, a premalignant condition, which is a “cousin” to actinic keratosis of the 
skin. Actinic cheilosis is characterized by atrophy of the vermilion border, clinically 
visible as dry, scaly changes. Ulcerated foci alternating with partial healing may appear as 
the lesion progresses. Not infrequently, patients mistake these recurring ulcerated lesions 

for "fever blisters." Subsequently, the evolving cancer slowly becomes a crusted, non-
tender, indurated ulcer or mass (Neville et al., 2009; Silverman, Dillon and Fischbein, 
1998).  
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In Romania, Hungary, Yugoslavia, and parts of Canada and the United States, the vermilion 
area of the lips are the commonest sites of oral cancer (Johnson, 1991; 2001), and it has been 
reported that about half of all cases of oral cancer in the Nordic countries occur on the lips 
(Ringertz, 1971). The lateral aspect of the lower lip is more frequently involved than the 
mid-portion (Daftary et al., 1992). Race and ethnic variations in the incidence of lip cancer 
occur worldwide. Among most white population, the lip constitutes the most common site 
for oral cancer (Spitzer et al., 1975; Johnson, 1991; 2001). Considerable agreement over the 
association between lip cancer and occupation exists; the disease being common amongst 
white males who engage in outdoor occupations, such as farming and fishing, which expose 
them excessive sunlight (Spitzer et al., 1975; Johnson, 1991; 2001). On the other hand, lip 
cancer is relatively rare in black males, and females of both white and black races (Bernia, 
1948; Spitzer et al., 1975; Johnson, 1991; 2001). 

In a 1984 study reported by Douglass and Gammon there was variation in the incidence of 
lip cancer between the male non-Maori (1.7/ 100,000) and the Maori (0.2/100,000) 
population of New Zealand (Douglass and Gammon, 1984). The authors similarly 
highlighted ethnic differences in the incidence of lip cancer in Israel where males born in 
Israel had a higher rate of lip cancer (3.5/100,000) than male immigrants from 
Europe/America (2.9/100,000), or Africa/Asia (0.8/100,000). 

4.2 The tongue and floor of mouth 

The tongue is the most common site for intraoral carcinoma and accounts for about 40 
percent of all cases in the oral cavity proper, with tumors occurring on the posterior lateral 
border and ventral surfaces of the tongue (Neville and Day, 2002). The incidence of floor-of-
mouth squamous cell carcinoma closely approximates that of the tongue (Neville and Day, 
2002). In the black population however the floor of mouth distinctly is the most common site 
for OSCC (Batsakis, 1979). Thus, anatomically, the lateral tongue and floor of mouth 
(extending to the lateral soft palate and tonsillar area) combine to form a horseshoe-shaped 
region of the oral mucosa, which is at greatest risk for cancer development (Neville and Day, 
2002). Two major factors may explain the high-risk status of this composite region: first, 
carcinogens in saliva pool at the floor of the mouth with the tongue providing a lid; second, 
this complex is covered by a thinner, non-keratinized mucosa, thus providing limited barrier 
to carcinogen ingress (Jovanovic et al., 1993).  

4.3 Buccal mucosa 

The mucosal surface of the cheek extends from upper to lower vestibular sulci, where the 
mucosa reflects itself to cover the upper and lower alveolar ridges. The buccal mucosa also 
forms the commissure of the lip and covers the ramus of the mandible. A number of buccal 
squamous cell carcinomas originate in the commisural areas before spreading posteriorly to 
involve the mucosa along the occlusal plane of the teeth, or at the retromolar area (Batsakis, 
1979). It has been suggested that, because commissural cancers have better prognoses than 
buccal mucosa cancers, the former ought to be separated from the latter for purposes of site 
designation (Daftary et al., 1992). However, this suggestion appears not to have gained wide 
acceptance. Buccal cancers usually arise on the mucosa lying against the wisdom teeth, and 
correspond to the common site of placement of tobacco-containing quid. The lesion then 
grows to obscures the site of origin (Singh and von Essen, 1966; Batsakis, 1979; Daftary et al., 
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1992). Results of some studies indicate a consistent increase in the incidence of buccal 
cancers in relation to smokeless tobacco use (Brown et al., 1965; Winn et al., 1981). These 
findings underscore the importance of local etiologic factors in the site distribution of 
intraoral cancers. 

4.4 The gingiva and alveolar ridge 

Cancer of the gingivae and alveolar ridge are usually grouped together. Squamous cell 
carcinomas of the gingival and alveolar ridge generally are less common than those of the 
lip, tongue, and floor of mouth (McCarthy and Shklar, 1964). Similar to buccal and 
commissural cancers, Daftary et al., (1992) suggested that lesions of the gingivae and 
alveolar ridge be separated because of differences in prognosis. The incidence of carcinoma 
of the gingivae and alveolar ridge among the rural women of the Southeast United States is 
relatively high (Rosenfield and Callaway, 1963). The reported incidence of cancer of the 
gingival and alveolar ridge in three Indian populations ranged from 0.6/100,000 to 
1.4/100,000 per annum among women (Daftary et al., 1992). Carcinoma of the gingivae 
generally arises in the premolar and molar regions and more frequently, on the lower than 
on the upper arch (Cady and Catlin, 1969). These correspond to the sites of retention of 
tobacco quid in those who practice the habit. 

4.5 The palate 

Squamous cell carcinomas of the palate are in the Western countries and the United States 
(Daftary et al., (1992). Again, incidence significantly reflects different habits. In India, for 
example where the habit of “reverse smoking” is prevalent among the population, the 
relative frequency of squamous cell carcinoma of the palate is high (Gupta et al., 1980; 
Daftary et al., 1992). The habit of reverse smoking is exemplified by the practice of placing 
the glowing end of a local form of cigar called “chuttas” inside the mouth. In areas where 
reverse smoking is practiced palatal cancer comprise 38 to 48 percent of all oral cancers 
(Gupta et al., 1980; Daftary et al., (1992). Lesions of the hard palate may arise in the midline 
or to one side close to the palatal gingivae (Batsakis, 1979). 

Primary squamous cell carcinomas arising in the soft palate are uncommon, accounting for 2 
percent of overall oral cancer in reverse-smoking areas (Ramulu et al., 1973), but only 0.4 
percent in non-reverse smoking areas (Wahi et al., 1965). However, reports of later studies 
by Mashberg and Meyers (1976) indicated a greater frequency of lesions primarily arising 
from the soft palate than is ordinarily documented with the “late” symptomatic lesions. On 
analyzing the site distribution of 222 cases of early asymptomatic OSCCs, the authors found 
that 64 of these (28.8 percent) occurred in the “soft palate complex” comprising the soft 
palate, anterior pillar of fauces, and retromolar trigone. Thus, some of the lesions designated 
hard palate lesions at the time of diagnosis may have earlier arisen from the soft palate 
before spreading to the hard palate at a late symptomatic stage. 

5. Diagnosis and management of oral cancer 
Early diagnosis of oral cancer has emerged as a priority public health objective whereby oral 
health professional play leading role (Neville and Day, 2002). It is presumed that early 
diagnosis of cancer should lead to less damage from interventional treatment and to a better 
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analyzing the site distribution of 222 cases of early asymptomatic OSCCs, the authors found 
that 64 of these (28.8 percent) occurred in the “soft palate complex” comprising the soft 
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5. Diagnosis and management of oral cancer 
Early diagnosis of oral cancer has emerged as a priority public health objective whereby oral 
health professional play leading role (Neville and Day, 2002). It is presumed that early 
diagnosis of cancer should lead to less damage from interventional treatment and to a better 
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prognosis. Because most individual are seen more commonly by primary care physicians and 
general dentists than by specialists, it is imperative for these clinicians to perform screening 
examinations to identify potential oral and pharyngeal cancers. In addition to the need for 
improved early detection by clinicians, it is also important that the patient and general public 
are knowledgeable about the disease (Yellowitz and Goodman, 1995; CDC, 1998). Delays in 
identification and recognition of suspicious lesions contribute to advanced stage at diagnosis 
and lower survival statistics (Shafer, 1975; Hollows, McAndrew and Perini, 2000).  

5.1 Diagnosis of oral cancer 

A distinction has been made in the early detection of oral cancers between “screening” (test 
aimed at evaluating presence of the disease in asymptomatic individuals) and “detection of 
cases” (applying specific procedure to patients with a suspicious lesion; Lestón and Dios, 
2010). Nevertheless, conventional visual examination accompanied by palpation of 
suspicious lesions remains the gold standard screening methodology for oral precancer and 
cancer, while biopsy and histopathologic examination remains the universal diagnostic 
confirmatory test of choice (Lestón and Dios, 2010). Thus, in spite of the availability of 
several techniques that have been advocated as aids to oral cancer diagnosis (summarized in 
Table; adapted from Lestón and Dios, 2010) suspected malignant lesions must be biopsied in 
order to establish a definitive diagnosis.  

 
Toluidine blue  
Light-based detection systems  
Chemiluminescence (ViziLite Plus®; Microlux/DL®) 
Tissue fluorescence imaging (VELscope®)  
Tissue fluorescence spectroscopy 
Cytology or brush biopsy (OralCDx®)  
Specific  analysis (, SCCAA, IAP, CYFRA, , and others)   
Specific  analysis (, , , CYFRA 21-1, TPS, IL-1B, DUSP 1, HA3, , , SAT, miRNA, and others)   
Imaging (DPT, CT, CBCT, MRI)   

Table 1. Some techniques advocated for the clinical diagnosis of OSCC supplementing 
conventional oral examination, and histopathologic examination of suspicious lesions 
(adapted from Lestón and Dios, 2010). 

In turn, the accurate diagnosis of potentially malignant and malignant oral lesions depends 
on the quality of the biopsy, selection of appropriate technique (e.g. incisional versus 
excisional), the applicability of the adequate clinical information, and competent 
interpretation of the biopsy results. Oral biopsy specimens can be affected by a number of 
artifacts resulting from crushing, fulguration, injection, or incorrect fixation and freezing 
(Trullenque-Eriksson et al., 2009). Results of cytologic examination of specimens obtained 
from non-invasive procedures such as brush biopsies or comparable techniques must not 
constitute the sole basis for a diagnosis of malignancy (or the absence) leading to definitive 
treatments. This is because these non-invasive techniques often are fraught with several 
pitfalls accounting for high rates of false-negative and false-positive results. 
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5.2 Management of oral cancer patients 

While an exhaustive discussion on the management of oral cancer and precancerous lesions 
is not intended in this review, it is generally recommended that leukoplakias exhibiting 
degrees of epithelial dysplasia equal to, or worse than, moderate epithelial dysplasia be 
removed completely when possible (Epstein et al., 2007). On the other hand, the 
management guideline for mild dysplastic lesions is far less standardized with varied 
schools of thought ranging from those advocating a “wait-and-see” approach to those 
advocating total removal of all dysplastic lesions regardless of the degree of epithelial 
dysplasia. In addition, management decisions for mild epithelial dysplasia appear to be 
influenced by the size, location, and apparent etiologic factor accounting for the lesion. 
Some early dysplastic lesions where an etiologic agent (e.g. smoking) is identified have been 
known to regress and may reverse to normal on elimination of the etiologic factor 
responsible.  

Patients with invasive oral cancer are best managed by a coordinated, multidisciplinary 
team of health care professionals, which may include a head and neck surgeon, oral and 
maxillofacial pathologist, general pathologist, radiation oncologist, neuroradiologist, 
reconstructive surgeon, medical oncologist, general dentist, oral and maxillofacial surgeon, 
maxillofacial prosthodontist, dental hygienist, nurse specialist, speech pathologist, 
nutritionist, and tobacco cessation counselor (Ord and Blanchaert, 2001).  

Up to 15 percent of individuals with oral cancer harbor a second primary, making a 
complete head and neck examination that includes the larynx imperative (Lippman and 
Hong, 1989). Endoscopy of the larynx, esophagus, trachea, and lungs to rule out the 
possibility of other lesions in the high-risk patient is now performed routinely. For patients 
who present with a neck mass but no obvious primary site (or if the neck mass is more 
amenable to biopsy than the primary tumor), a fine needle aspiration remains the diagnostic 

method of choice rather than an open biopsy, because open biopsy has been reported to be 
related to a lower survival rate when not accompanied by a simultaneous neck dissection 
(Lefebvre et al., 1990; Kleid and Millar, 1993).  

Also, imaging studies are now routines during the evaluation of primary oral tumors and 
neck disease. Both contrast-enhanced computed tomographic (CT) scans and magnetic 
resonance imaging (MRI) may be utilized in determining the extent of the primary tumor, 
invasion, regional node status, and distant metastasis, thereby providing important staging 
information (Som, Curtin and Mancuso, 1999, Robbins, 1999). Positron emission tomography 
(PET) scans are also becoming an increasingly popular tool for the identification of primary, 
recurrent, and metastatic diseases.  

The treatment options for primary OSCCs are variable and depend on the size and location 

of the tumor, lymph node status, presence or absence of distant metastases, the patient’s 
ability to tolerate treatment, and the patient’s desires. Surgery and/or radiation therapy 
remain the gold standards for treatment of cancers of the lip and oral cavity. Oropharyngeal 
cancer may be treated with surgery and/or radiation therapy for early-stage disease. For 
advanced-stage disease, surgery with adjuvant radiation therapy may be indicated, 
although recent evidence suggests that the addition of chemotherapy to radiation therapy 
may provide a survival advantage over radiation therapy alone in this population 
(Forastiere, 1998; Calais et al., 1999). It is important to take into account disease status and 
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prevalence of occult disease in the neck when evaluating primary cancers of the lip, oral 
cavity, and oropharynx (Robbins et al., 2001). Regardless of the treatment modality used, 
many patients will require consideration of problems related to airway protection, enteral 
feedings, xerostomia, mucositis, dysphagia, and voice change.  
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1. Introduction  
Oral cancer (OC) is considered a serious public health problem that causes great 
morbidity and mortality in the population. While OC has a lower incidence than other 
malignant tumors, it is known to produce high mortality and serious disturbances or 
discomfort in the patient as a consequence of either the tumor itself or of the treatment. 
The Oral Squamous Cell Carcinoma is the most common malignant tumor of the lip, oral 
cavity and oropharynx (90% of the cases) while the remaining 10% of the cases are mainly 
melanomas, sarcomas, minor salivary gland carcinomas and metastatic cancers (Scully et 
al., 2006).  

In this chapter the attention is focused on the clinical characteristics of OSCCs.  

Topics: Clinical presentation, Symptoms, Diagnosis, Prognosis, Oral and Dental Management 
and Psychological aspects of patient care.  

2. Clinical presentation. Symptoms 
Oral Squamous Cell Carcinoma (OSCC) presents different clinical aspects which are related 
with the location of the tumor, evolution time, precancerous lesions and risk factors. The 
most frequent clinical aspects are: tumor, ulcer, vegetans, verrucous and mixed forms such 
as ulcerous-vegetans or verrucose- ulcers (Boring et al., 1994). 

The diagnosis of early lesions such as in-situ or microinvasive carcinoma, represents a real 
challenge for health professionals. Leukoplakia, erythroplakia or erythroleukoplakia are the 
most frequent clinical aspects, which may present superficially eroded areas. Chorion 
infiltration  may be suspected when increased consistency on palpation is observed. The 
abovementioned lesions are asymptomatic, tend to keep their size, may show changes in the 
surface and do not respond to local treatments. The lesion can progress and develop as an 
exophytic, irregular lobulated lesion or adopt an endophytic growth pattern characterized 
by a depressed ulcer with grayish-white edges, elevated, everted and indurate borders and 
an infiltrated base. In most cases, lesions are asymptomatic; pain appears only when 
muscles or nerves are invaded at advanced stages of the disease. (Neville et al., 2002; 
Silverman et al., 1998) 
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According to different authors, the lip is the most common location of OSCCs. In such cases, 
patients are likely to consult a physician or a dermatologist while in cases of tongue tumors, 
consultation to the dentist is more frequent. The paramedial area of the inferior lip is the 
most often region affected by lip cancer whereas the most prevalent precancerous lesions 
are actinic chronic cheilitis. OSCCs most common clinic manifestations are the loss of 
superficial tissue, erosion, ulcers (Fig.1) and occasionally exophytic shaped lesions: 
keratotic, verrucous or vegetant, with tumorous or “skin horn” aspect (Neville et al., 2002; 
Silverman et al., 1998). Chronic exposure to the sun produces in affected patients an 
alteration of the shape of the lip called lip everted or "lip on balcony”. 

A significant atrophy of the vermillion area with scales that do not tend to shed and 
therefore accumulate to form keratosis can often be observed. This type of lesions alternate 
with white lesions and erythro-leukoplakia areas that are prone to cracking, erosion or 
ulceration which are called actinic cheilitis. Lip cancer develops slowly and in advanced 
stages it can extend to the corner of the mouth or to the gingiva. It can also develop 
metastatic lymph nodes in submental and submandibular areas (Grinspan, 1983). 

 
Fig. 1. In-situ carcinoma of the lower lip vermillion 

Tongue carcinoma is the most commonly observed OC into the oral cavity; traumatic 
lesions, leukoplakia and lichen planus are predominant precancerous conditions. Tongue 
carcinoma represents 30-40% of OCs, the lateral tongue being the most frequent situation 
(80%), followed by ventral and dorsum (Brandizzi et al., 2008). 

Lateral border of the tongue and ventral surface OCs are usually preceded by traumatic 
lesions caused by sharp cusps or sharp edged teeth, by badly positioned teeth or by 
maladjusted dentures that chronically rub the mentioned areas. Ulcerated forms are the 
most frequently observed, see Fig 2, followed by exophitic tumor, which generally produce 
pain irradiating to the ear. In the ventral area, ulcer-vegetant or mixed forms predominate. 
Tumors on the dorsum are generally associated to lichen planus or to leukoplakia lesions. 
They are clinically observable as ulcerated forms tend to expand on the surface rather than 
go deeper into it. The lateral border of the tongue and the floor of the mouth (with 
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extensions to the back lateral soft palate and tonsillar areas) combine to form a horse shoe-
shaped region in the oral mucosa that was described by Jovanovic et al., (1993) as highly 
risky  for cancer development and also as a bad prognostic area.  

These tumors tend to evolve towards the ventral side and to the floor of the mouth.  In the 
first consultation, 40% of the patients have lymph nodes. When the lesion has more than 4 
cm, lymph nodes are present in  90% of the cases (Grinspan et al., 1983). Tumors located in 
the anterior half of the tongue usually lead to lymphadenopathy in the suprahyoid region 
while those located in the posterior half lead to submaxillary, carotid and lateropharyngeal 
nodes. Contralateral nodes are more frequent from tumors in the ventral surface and floor of 
the mouth (Shah et al., 1990; Grinspan, 1983).  

 
Fig. 2. Tongue infiltrant SCC, T2 N1 Mo  

According to our experience in Argentina, OSCCs in gum and alveolar ridge are the 2nd 
most frequent locations (Brandizzi et al., 2008.) which is not the case in other countries 
(Boudewijn  et al., 2009,  Chandu et al., 2005). It is difficult to detect previous lesions when 
the carcinoma is located in the gingival or alveolar ridge. In such locations, however, it is 
common to associate them with periodontal disease.  

Chronic inflammatory processes would release genotoxic mediators that would stimulate 
the accumulation of genetic defects leading to the appearance of malignant cells. In its initial 
stage, gingival carcinoma looks like a red or/and white spot slightly vegetant, extending on 
the surface due to the resistance offered by the periosteum (Fig 3). As OSCC advances, it 
adopts a tumoral shape, it may invade the bones, produce loosening of teeth and cause pain 
or trismus. Its progress through the lymph affects the submental, submandibular and 
carotid regions, these ones becoming the most common bilateral metastases. The antero 
inferior lesions progress towards the floor of the mouth and to the ventral side of the 
tongue. If the tumor is located in the posterior zone, it invades the floor of the mouth as well 
as the masticatory muscles. 
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Fig. 3. Gum carcinoma, the tooth was lost due to bone tumor invasion 

The floor of the mouth OSCC starts mainly in the anterior area as red and/or white spots, 
plaque or nodular, ulcerated lesions, later indurated at palpation (Fig. 4). It is not painful at 
an early stage although the tongue´s mobility can eventually be impaired. It advances from 
the surface to the depths of the tissues, invading the floor of the mouth muscles, the 
submental, submaxillary and cervical nodes.  

 
Fig. 4. Floor of the mouth, infiltrant SCC, two foci born in a leukoplakia   

Most buccal mucosa SCC is characterized by developing on previous lesions. The 
leukoplasiform and erythroplastic forms are commonly observed in the anterior part of the 
buccal mucosa while in the posterior one it is more often secondary to traumatic lesions or 
lichen planus. One of the first signs of the transformation is the induration of erythoplastic 
lesions that tend to develop an exophytic aspect as they grow (Fig. 5). This type of SCC rarely 
presents ulcers whereas differentiated histopathologic forms are predominant. When SCC 
appears in the posterior third of the buccal mucosa, it usually presents itself as endophytic or 
ulcers; undifferentiated histological types is the most frequent that have a worse prognosis 
than in the anterior third. The affected nodes are generally situated in the submaxillary area 
and less frequently in the cervical or facial ones (Grinspan, 1983; Jovanovic et al., 1993).  
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Fig. 5. OSCC of the buccal mucosa, an exophytic aspect. 

When we analized the habits associated to OSCC location, we observed that 85%-90% of the 
patients affected with floor of the mouth and oropharygeal carcinoma were smokers and 
drinkers. Fewer than 40% of those with gum and tongue carcinoma had both habits (Fig. 6). 

 

 
Fig. 6. Risk factors and location of the tumor 

To highlight: It is essential for everyone to undergo a proper oral examination. Pain in itself 
is not a reliable indicator of malignancy; in many of the studied cases, early lesions were 
associated with only minor discomfort.  

2.1 Lymph nodes 

According to the natural history of OSCCs, invasive lesions would lead to their spreading 
through the lymph nodes. Mobile, painless nodes whose volumes increase in course of time, 
and fix to surrounding tissue in the advanced stages, are those clinically suggestive of 
malignancy.   
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Union for International Cancer Control (UICC) recommended to classify the location of 
lymph nodes in the following levels: 

Level I: submandibular and submaxillary nodes. 
Level II: upper jugular nodes. 
Level III: jugular media. 
Level IV: lower jugular. 
Level V: nodes in the posterior triangle, bounded at the back by the anterior border of the 
trapezius muscle, anteriorly by the posterior border of the sternocleidomastoid and below 
by the clavicle. Descriptive purposes can be divided into high, medium and low by two 
horizontal planes: the superior plane is situated below the hyoid bone and the inferior one 
in the lower edge of the cricoid cartilage. 
Level VI: lymph nodes in the central compartment, which extends from the suprasternal 
notch to the hyoid bone. Lateral boundaries are formed on each side by the body´s internal 
carotid sheath. 
Level VII: lymph nodes located in the upper mediastinum, below the suprasternal notch. 

2.2 TNM system and staging 

According to the literature, the first classification of malignant tumors is Pierre Denoix´s 
(1944) Tumor Node Metastasis (TNM), based on the extent of primary tumor (T), 
involvement of regional lymph nodes (N) and metastasis at distance (M). Such classification 
also applies to OSCCs of the mouth. Proper classification and staging allows the physician 
to determine treatment more appropriately, evaluate results of management more reliably 
and compare worldwide statistics reported from various institutions. 

Currently, the American Joint Committee on Cancer (AJCC) and the UICC periodically 
update cancer staging, which is used by physicians and health care professionals 
throughout the world to facilitate the uniform description of neoplastic diseases. UICC rules 
to classify tumors are: 

- The classification applies only to carcinomas in the lip vermilion, in the oral cavity, 
pharynx, larynx, sinuses mucous including minor salivary gland tumors. 

- There should be histological confirmation. When the histology comes from another 
institution, it is recommended to have it reviewed by the pathologist in the working 
team.  

- The extent of the disease should be evaluated by clinical examination, endoscopy and 
imaging.  

In patients with advanced OSCC plus a history of heavy smoking, chest Computer 
Tomography (CT) is recommended before deciding on treatment because of the 
considerable possibility of undetected metastases in previous X-Ray tests.  

The staging of each case must be determined before treatment and should not be changed 
whatever findings emerge after starting it. You can add such findings but you cannot 
change the staging. If doubts arise concerning it, assigning the patient the lowest category is 
the most convenient procedure. 

Tables 1 shows the TNM classification and Table 2 describes the staging.  
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T N M 
Tumor Nodule Metastasis 

Tis: in situ Carcinoma N0: nonpalpable regional 
lymph node 

M0: No distant 
metastasis 

T1: < 2 cm. diameter N1: ipsilateral single ≤3 cm 
palpable nodes 

M1: clinical or 
radiographic evidence 
of metastasis 

T2: 2 to 4 cm. diameter 

N2: ipsilateral or contralateral 
palpable lymph nodes  
3 to 6 cm. subdivided into: 
N2a: an ipsilateral single node 
3 to 6 cm. 
N2b: ipsilateral multiple  
≤6 cm. 
N2c: contralateral or  
bilateral  ≤6 cm. 

 

T3: Tumor  >4 cm. diameter N3:  >6 cm.  
T4: invaded adjacent tissues 
T4a: moderately advanced local 
disease 
T4b: very advanced local disease 

  

Table 1. TNM Classification of malignant Tumors 
 

Stage  Tumor Node * Metastasis 
Stage 0 Tis N0 M0 
Stage I T1 N0 M0 
Stage II T2 N0 M0 

Stage III 

T1 
T2 
T3 
T3 

N1 
N1 
N0 
N1 

M0 
M0 
M0 
M0 

Stage IVA 
moderately advanced 
local/ regional 
disease 

T4a 
T4a 
T1 
T2 
T3 
T4a 

N0 
N1 
N2 
N2 
N2 
N2 

M0 
M0 
M0 
M0 
M0 
M0 

Stage IVB  
very advanced 
local/regional disease  

T4b Any N M0 

Stage IVC distant 
metastatic disease 

Any T 
Any T 

N3 
Any N 

M0 
M1 

* Extracapsular spread (ECS) of disease is added as ECS + or ECS—as a descriptor.  
These descriptors will not influence nodal staging. 

Table 2. Stage grouping for oral cavity, oropharyngeal, hypopharyngeal and laryngeal 
cancers from UICC: TNM Classification of Malignant Tumours 
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3. Variables that influence diagnosis 
3.1 Diagnostic delay  

Oral cancer is a global health problem of increasing incidence and mortality rates; more than 
500,000 patients worldwide are estimated to have oral cancer (Parkin et al., 2005). The 
International Association for Cancer Research (IARC) and the World Health Organization 
(WHO) latest records show an incidence of 263,020 cases (3.8 rate) with high mortality 
127,654 (1.9 rate ), (Ferlay et al., 2010).  

Unfortunately, the 5-year survival rate has not changed during the last half of the century, 
still being around 50–55% in spite  of the advances in diagnosis and treatment (Neville and 
Day, 2002). Early diagnosis is a foremost step for reducing cancer mortality (Boyle et al., 
2003), since the identification of smaller lesions allows less aggressive and debilitating 
treatments. However, almost half of intraoral cancers have late diagnosis (stages III or IV). 

Diagnostic delay is, therefore, the main reason why most patients´ OSCCs are discovered  in 
advanced stages when their diagnoses  are finally made. Late diagnosis is the result of either 
patient or professional delay (Kerdpon & Sriplung, 2001, Rogers et al., 2007). 

There is a vast literature  about the results of research on this interesting topic carried out  in 
populations from all over the world (Table 5).  

We investigated OSCC diagnosis delay in Córdoba in a retrospective study of  
clinical records of OSCC patients, examined in the Stomatology B service (a referral clinic 
for oral soft-tissue lesions) and in the Oncohematology Unit of Hospital Nacional  
de Clínicas (Morelatto et al., 2007). We included in that study patients diagnosed with 
OSCC  as their first cancer between 1992 and 2004. Oral exams and diagnosis at both 
centers were made by the same trained professionals and supervised by the same head 
professor. Age, sex and location of the OSCC, first signs or symptoms, and first 
consultation with a health professional (HP) were studied. Stage at the moment of the 
diagnosis was classified according to the 1997 version of the UICC, AJCC. The symptoms 
were classified as pain, swelling, ulceration, white lesions, poor denture fit and others. 
Stages III and IV (S III and S IV) were defined as advanced tumors and S I and S II as early 
ones (Brohua et al., 2005). 

In order to study the OSCC diagnostic delay, the authors described the following 
categories:  

A- Patient delay: considers the time elapsed between the first sign or symptom noticed by 
the patient and the first consultation with a HP. B- Professional delay: considers the period 
of time between the first consultation with a HP and the referral to  the specialist who 
performed the biopsy (Kerdpon & Sriplung, 2001). C- Patient and professional delay: 
considers the period of time between the final diagnosis and the beginning of treatment 
(Kowalski & Carvalho, 2001).   

A lapse of more than 30 days in any category (A, B or C) was regarded as delay (Shah & 
Lydiatt, 1995). The data aforementioned were statistically analyzed. 

In our study, 68% of the patients in the early stage and 54% in the advanced stage evidenced 
patient delay (see Table 3). On the other hand, 72% of the patients in the early stage and 61% 
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in the advanced stage had a professional delay of more than 30 days (Table 4). In both cases, 
the delay was more pronounced in early stages.  

 

Delay A <30 days 
n (%) 

30-60 days 
n (%) 

60-120 
days 
n (%) 

>120 days 
n (%) 

Total delay 
n (%) 

S I and II 6 (32) 2 (10) 3 (16) 8 (42) 13 (68) 

S III and IV 23 (46) 12 (24) 8 (16) 7 (14) 27 (54)* 

Total 29 (42) 14 (20) 11(16) 15(21) 40 (58) 

*In one patient, delay A was unknown.  

Table 3. Patient delay (A) related to the stage of the tumor. 

 

Delay B <30 days 
n (%) 

30-60 
days 
n (%) 

60-120 days 
n (%) 

>120 days 
n (%) 

Total delay 
n (%) 

S I y II* 5 (28) 4 (22) - 9 (50) 13 (72)* 

S III y IV 20 (39) 6 (12) 18 (35) 7 (14) 31 (61) 

Total 25 (36) 10 (14) 18 (26) 16 (23) 44 (64) 

* In one patient, delay B was unknown. 

Table 4. Professional delay (B) related to the stage of the tumor 

A similar finding was reported in Greece and in the Netherlands with 52% of patients with 
more than 3 weeks ( Pitiphat et al., 2002) and 46 days of delay, respectively ( Jovanovic et 
al.,1992). A median time of 3 months or more until diagnosis was described for Canada 
(Elwood & Gallagher, 1985), Italy (Mashberg et al., 1989), Finland (Soderholm, 1990),  
Denmark (Wildt et al., 1995) and Israel (Gorsky &Dayan, 1995). Although the results 
obtained in Argentina were more optimistic than in those of some other populations, the 
proportion of patients who had delayed diagnosis was still considerably high. The mean 
time between the first symptom and the consultation with a HP (delay A) was 2.5 months in 
females and 2.3 in males. The percentage of delay A of more than 1 month (68%) in Córdoba 
is similar to the value found by Jovanovic et al., 1992 (53.7%) and lower than results 
obtained by Pinholt et al., 1997, (92%). 

It should be considered that there are some limitations in the present research  namely, that 
many patients did not exactly recall the onset of their symptoms (Wildt et al., 1995). Pain 
was the most common first symptom, but more than half of the patients did not visit a 
medical facility to receive treatment before one month following that occurrence. Onizawa 
et al., 2003 consider that the symptom may not be bothersome or severe enough to seek 
professional help. 
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The time elapsed between the first symptom and its diagnosis was longer for women than 
for men in our population (77.5 and 67.8 days respectively); Wildt et al., 1995, reported 
similar results. In our research, we observed that 100% of lip cancers and 38% of tongue 
lesions were staged as early cancers at the time of diagnosis, while Gorsky & Dayan, 1995 in 
Israel found 82% in lip and 58% of tongue tumors in that stage. According to our research 
professional delay (B) was the most related variable  to the stage of the tumor at the time of 
diagnosis. As shown in Table 4, B was more important in early stages; this observation is 
relevant because treatment delay worsens the prognosis.  

 

Country Author / Year N Delay 

The Netherlands Jovanovic et al., 1992 50 patient 

Australia Dimitroulis et al., 1992 51 patient 

Brazil Kowalski et al.,1994 336 professional 

Israel Gorsky et al., 1995 543 professional 

Denmark Wildt et al., 1995 167 patient 

Malaysia Khoo et al., 1998 65 Patient and 
professional 

Canada Allison et al., 1998 188 professional 

Thailand Kerdpon et al., 2001 161 patient and 
professional 

Japan Onizawa et al., 2003 152 professional 

The Netherlands  Tromp et al., 2005 306 patient 

Ireland O´Sullivan et al., 2005 370 patient 

Netherlands Brouha et al., 2007 173 professional 

Table 5. Responsibility of diagnostic delay in oral cancer in different countries according to 
several authors 

OSCC diagnostic delay has been thoroughly studied and its causes seem to be always the 
same: (i)  unawareness of most of the population regarding the potential malignancy of oral 
lesions (patients’ delay), (ii)  inaccurate diagnosis on the part of the HP and (iii) delay in 
referral for treatment (Allison et al., 1998; Dimitroulis et al., 1992), see Table 5. 

Medical practitioners usually prescribe various medications; it is more common, however, 
that dentists adopt a more mechanical approach such as extracting teeth or adjusting 
dentures (Kerdpon & Sriplung, 2001). Both tend to be slow in suspecting malignancy.  

The findings of the present study also indicate that patients are partially responsible for 
delay in OSCC diagnosis.  

3.2 Awareness 

Due to the apparent lack of awareness of patients suffering from OSCC assisted by different 
services in various countries, we studied the general public in Cordoba City to assess levels 
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of awareness and knowledge of oral cancer, risk factors, suspicious clinical signs and 
parameters related to early consultation to HP (Robledo et al., 2008). Anonymous surveys 
were carried out, obtaining a systematic sampling from the 2004-2005 telephone directory of 
Cordoba City. Four hundred effective surveys were made to Argentine citizens older than 
18. Results: 41 % of the participants did not know of the existence of OC, the highest 
percentage of poor or no information was found among people younger than 30 years of 
age. Only 60% of those who knew about OC were able to name a risk factor, being tobacco 
the most easily associated. It is surprising that only 3% of the questioned people associated 
alcohol, related tobacco-alcohol consumption or unadjusted dentures as risk factors. Only 
45% had some knowledge about clinical manifestations, pain and ulcers being the most 
frequently mentioned. Though most of the surveyed population had consulted a dentist one 
or several times a year, only 32% could recall if they had had a comprehensive oral exam. 
Evidently, the population badly needs to be informed about risk factors and first clinical 
manifestations of OC and about the importance of early consultation.  

In a study of Humphris et al. (2004), a randomized controlled trial found that patients 
attending primary care who had read an information leaflet about head and neck cancer had 
increased awareness of risk compared to patients who had not seen the leaflet. A 
questionnaire of awareness of signs and symptoms and risks of oral cancer showed that all 
those who received the leaflet (smokers, non-smokers and past smokers) reported greater 
knowledge (p< 0.001). Smokers were 16 times more likely to perceive that they were at 
greater risk. 

It would also be highly necessary to have access to professionals with further training in the 
detection of precancerous lesions and OC early signs.  

4. Prognosis. Survival rate 
Cancers of the oral cavity have a high mortality rate and, despite the current progress in 
treatments, the situation has not improved. A five-year survival rate ranging from 30% to 
80% has been reported from several parts of the world. Survival rates are lower in 
developing countries (Sargeran et al. 2008). We made a research on that subject in Córdoba 
in an retrospective study of 89 clinical records of OSCC patients, followed in the 
Stomatology B Service and in the Oncology Unit of Hospital Nacional de Clínicas between 
1989-2005, (Bolesina et al., 2007). Survival rates were related to age, gender, location, stage, 
risk factors and treatment; 74% of the patients were male, age range was 23-93, median age 
60 years. The lowest survival rate was found between 61 and 70 years of age. After five 
years of OSCC diagnosis, the general survival rate reached 35—40 %. The most frequent 
cancer location was in the tongue (26%), followed by gum (23%) and floor of the mouth 
(11%). The highest mortality rate was due to tumors situated in the base of the tongue, gum 
and floor of the mouth, 100%, 88% and 85%, respectively. It was noted that 100% base of the 
tongue tumors , 90% gingiva and floor of the mouth tumors were discovered in advanced 
stages while 100% of lip tumors were diagnosed in early stages. 

The observed survival rate in OSCC stage I was 75% whereas only 23% patients survived in 
stage IV. When all the variables were analysed and related to survival rates, a value of p= 
0.001 was obtained for tumor stages (Fig. 7). 
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Fig. 7. Five year survival rates, according to OSCC stage at the moment of diagnosis 

When surgery was the only treatment indicated, patient survival rate was 55%. When 
radiotherapy complemented surgery, the rate decreased to 33%, which is in good agreement 
with the literature (Sargeran et al., 2008). 

As far as risk factors are concerned, it has to be pointed out that 49% of the patients were 
smokers and heavy drinkers; higher mortality rates were found specially in male patients 
having these habits compared to those with only one or none of them. The p value obtained 
for alcohol consumers and tobacco smokers was 0.04, see Fig 8.  

 

 
Fig. 8. Percentaje of patients who died before 5 years, related to risk factors 

In our study, we did not have a significant enough sample of young patients to reach 
definitive conclusions. However, previous studies show that younger people have a 
considerably better five-year survival. Age is therefore a determining factor to good 
outcomes for OSCC patients (Warnakulasurilya et al. 2007). Although it is well known that 
tobacco smoking and alcohol consumption are the strongest risk factors for the development 
of head and neck cancer, little information is available concerning both the prognostic value 
of these habits and that of quitting them after diagnosis.  
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Non-smokers with early stage OSCC have a better prognosis than former or current 
smokers at the same stage (Vora et al., 2003), which agrees with the results obtained in our 
study. 

Smoking cessation after diagnosis or starting OC therapy can improve survival rates. It is 
reported that head and neck cancer patients who admitted to continuing smoking during their 
radiotherapy treatment had a lower response and survival prospects than those who claimed 
to quit smoking prior to starting the treatment, with 2.5 RR (95% CI 1.4–4.4) (Browman et al., 
1993). RR of recurrence of the disease among smokers (non drinkers) was 2.9 compared to 
non/ex-smokers and 3.8 for those smoking >2 packets a day (Stevens et al., 1983). In a 
retrospective study in Southern England, RR for multiple primary cancers was higher in those 
patients who continued smoking and drinking after therapy (Warnakulasuriya et al., 2003).  

To sum up, these studies provide clear evidence that smoking cessation even after an oral 
cancer diagnosis improves prognostic outcomes. Oral cancer patients who were current 
drinkers showed higher mortality rates than former or non drinkers (Kowalski et al., 1994). 
Quitting drinking after diagnosis was also associated with improved survival outcomes, but 
the hazard ratios did not reach statistical significance.  

The findings suggest that rising alcohol consumption since the 1950s is more closely related 
to increasing intra-oral cancer incidence and mortality than smoking, a fact that is more 
evident among younger males since the early 1970s (Hindle et al., 2000). 

There are a myriad of risk factors that lead to OC, among them Human Papilloma Virus and 
other infections, chronic inflammations and social and environmental carcinogen conditions. 
These issues are the subject of continuous studies being carried on at present by several 
scientific teams. 

5. Patient management  
The decision about the adequate treatment for each patient should be made by an 
interdisciplinary committee of specialists in head and neck tumors. The choice of treatment 
largely depends on the site and stage of the disease and on the overall health status of the 
patient. Early stages of intraoral cancers are likely to be cured by surgery or radiation 
therapy. The election of the type of treatment is determined by the anticipated functional 
and cosmetic results and by the availability of the particular expertise required from the 
surgeon or radiation therapist for each patient. Advanced tumors (stages III and IV) are 
generally treated by surgery, followed by radiation therapy. 

The treatment for head and neck cancers, especially those involving the oral cavity, has 
changed in the last 10–20 years. It is now widely accepted that for advanced OC tumors, 
surgery combined with radiation therapy has a better outcome than if only one of those 
modalities is used. Although the impact of neo-adjuvant chemoradiation may increase 
survival, it may also increase morbidity considerably. 

It is worth mentioning that current advent of state-of-the-art technology applied to cancer 
treatments has significantly improved the quality of life of OC patients. However, there are 
only few data as to the length of survival in relation to new devices such as gamma rays, 
electrons, protons and atomic nuclei, tridimensional (3DR), stereotactic, Modulated Intensity 
Radiotherapy (MIR) and Image-Guided Radiation Therapy (IGRT). The new technology 
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allows the professional to better adjust radiation to the tumor, thus diminishing the damage 
inflicted to the surrounding healthy tissues, especially major salivary glands and 
maxillaries. Brachytheraphy is a still used resource; it requires the isolation of the radiated 
patient and it should be carried out by highly experienced professionals. 

In spite of all the above mentioned innovations, the occurrence of complications is high, 
which would inevitably delay the standard therapeutic protocols. This fact, in turn, would 
make patients prone to recurrence or to metastases.  

5.1 More frequent oral complications 

All treatments usually applied to deal with OSCC and also with head and neck cancers 
have a negative impact on  the patients, especially on their oral cavity; several complications 
can arise due to direct damage to oral tissues or to indirect regional or systemic toxicity. 
What is more, dental care is regarded by many patients as a low priority in their treatment. 
Surprisingly, 90% of the treated patients were found to have dental diseases such as caries, 
periodontal diseases or sepsis (Toljanic et al., 2002). The factors that influence intensity and 
duration of oral damage are: the medical and nutritional status of the patient, tobacco and 
alcohol use, oral hygiene and dental status, previous surgical interventions, and the 
indicated radiation treatment.  

5.1.1 Surgical risks and complications  

Surgical management of intraoral lesions typically includes both the primary lesion and  
cervical lymph nodes. Ideally, surgery is selected when permanent control of the tumor is 
sought. The tumour staging  is essential to determine whether only surgery  is indicated or 
whether radiation or chemotherapy may be needed later. 

The risks and sequels of surgery primarily depend on or develop from the extent of the 
tumor and its relationship to contiguous oral structures. Sequels may include disorders in 
speech and swallowing, pain, limitations in oral motor function; infections, enteral nutrition 
(e.g. tube feedings), facial, neck and shoulder malfunction, disturbances in mental health, 
fibrosis, cosmetic deficits and bone lesions. 

During resection of oral cancers, teeth and their supporting bone are often removed. In 
order to achieve functional rehabilitation, it is necessary to replace missing elements. Some 
patients may require an intraoral prosthesis for obturation of a velopharyngeal deficit or to 
reshape and augment the contours of a resected hard palate. The work of a speech therapist 
is crucial in this venture (Vendrell  & Ranking, 1999). 

5.1.2 Potential oral manifestations of radiation therapy  

Patients that receive radiation therapy in the oropharyngeal area for malignant tumors may 
undergo radiation therapy for 7 weeks with a dose going up to 7000cGy, depending on 
tumor type and location. Radiotherapy is associated with side effects that vary in intensity 
and duration and are dependent on several factors. Not all patients will experience all 
possible complications but they should be aware of the potential risks. 

Acute and chronic complications in the short and long term have been studied by different 
authors; some complications are described below. Hyposalivation during the 1st week of 
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radiation treatment amounts to 50-60% of the usual saliva flow. After a 7- week 
conventional treatment, it decreases to 20%. 

Hyposalivation subjective symptom xerostomy implies several other symptoms like 
dysphagia, dysgeusia, dysosmia and speach difficulties (Jansma et al., 1989). 

Xerostomy brings about a change in oral microflora and, as a result, cariogenic 
microorganisms streptococos mutans y lactobacilos  prevail in the saliva, causing caries and 
periodontal diseases. The oral mucosa becomes soft, irritable and susceptible of fungal 
infections (candidiasis) and inflammations (Daly & Drane,1972; Hinds,1971). 

Recently, preventive measures to decrease the effects of radiation induced xerostomy have 
been widely studied. To begin with, patients should give up  tobacco, alcohol and spicy, too 
hot, too cold or too hard foods and replace them by soft and moist nutrients. Secondly, they 
should be advised to be well hydratated and to use saliva substitutes. 

Salivary gland tissue does not recover from high doses of radiation. The quality and 
quantity of saliva is permanently changed. Taste loss and alterations may begin with the 
first 200-400 cGy. After three weeks of therapy, it takes 500-8,000 times normal 
concentrations of taste stimulant to elicit a normal taste response. Taste acuity levels usually 
return to normal within 2-12 months following completion of therapy, if adequate saliva is 
available (Jasma et al., 1989). Both mucositis and decreased salivary flow may contribute to 
taste alteration. 

Mucositis: Oral mucositis is the inflammation that takes place in the oral epithelium as a 
result of antineoplastic treatments such as radiotherapy, chemotherapy or bone marrow 
transplant  which are  very frequent in these treatments for oncohematologic disease. Not 
only do the consequences of the inflammation affect the quality of life of the patient but it 
can also mean a limitation in the application of the treatment, as well as an increase in 
hospital length of stay and therapeutic costs.  

Radiation-induced mucositis depends on the absorbed radiation dose, fractioning, delivery 
modality and soft tissue status. Other influential patient-related variables are age, sex, 
nutritional condition, oral microbiota, salivary flow and inflammation among others.  

The study of the degrees of severity of oral mucositis has yielded different results coming 
from diverse research centers. This constitutes a major obstacle for the study of mucositis. 
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1 burning sensation and eritema 

2 eritema, ulcers and possibility  
of solid food intake 

3 ulcers, liquid diet 
4  impossible feeding  

Table 6. Mucositis WHO Classification 
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Oral Infections: Health care providers should be concerned about preventing oral local and 
systemic infections in addition to managing their symptoms. Treating infections as soon as 
they are detected will help to reduce pain, as well as control the spread of infection. A 
fungal, bacterial or viral culture is recommended if infection is suspected. 

In patients undergoing head and neck radiotherapy, Candida colonization tends to increase 
during  the course of the treatment and remains increased if xerostomia occurs (Epstein et 
al., 1998; Ramirez-Amador et al., 1997). Candidiasis can cause a burning or scalding 
sensation, can distort taste and may interfere with swallowing. Its spread to the esophagus 
or systemic dissemination is a serious consequence (Rankin & Jones, 1999). Other 
opportunistic fungal infection is Histoplasmosis.  

Bacterial and viral infections are more common in neutropenic patients than in those 
affected by oral cancers. The detection and treatment of those infections represent a   
challenge to health professionals and should be the subject of a more extensive study. 

Nutritional deficiency: It is caused by the effects of mucositis, xerostomy, hypogeusia, and 
loss of appetite that can make eating an unpleasant painful chore, quite apart from the 
psychological implications that such discomforts may have on the eating function. 
Symptoms may include rapid weight loss, dehydration, nutritional stomatitis, and 
secondary oral infection, specifically candidiasis (Rankin & Jones, 1999). 

Caries: Even patients that have not suffered from dental caries for some time can develop 
them when  submitted to radiotherapy. Those caries differ considerably in clinical 
appearance, development, and progression from dental caries in non-irradiated patients. 
Radiation has a pernicious effect on the teeth since it makes them prone to decalcification. 
Post-radiation lesions develop in a distinct manner with initial sheer fracture of enamel 
followed by rapid decay of the exposed underlying dentin (Jansma et al.,1993; Jongebloed et 
al., 1988). Such lesions are mainly developed when the flow of saliva diminishes or when its 
properties are altered (Brown et al., 1975; Carl & Schaff, 1974). Furthermore, post- radiation 
lesions tend to occur at gingival margins, cusp tips, and incisal surfaces in contrast to typical 
caries, which develop in pits, fissures and proximal areas.  

There are three kinds of radiation- related carious lesions:  

First type: the lesion superficially covers the cervical tooth area, slowly progressing inwards 
until it often provokes the crown total destruction. This is less frequent in the molars, 
although the caries tend to appear on the surfaces of the whole molar area. 

The second type of lesion is a generalized superficial defect that first affects the buccal and 
later the lingual or palatal surfaces of the tooth crowns. The proximal surfaces are less 
affected.This lesion often begins as a diffuse, punctate defect and then progresses to 
generalized, irregular erosion of the tooth surfaces. In this type of lesion, decay localized at 
the incisal or occlusal edges is often observed. The result is a destruction of the coronal 
enamel and dentin, especially on the buccal and palatal surfaces. 

Third type: the lesion extends as a heavy brown-black discoloration over the whole set of 
tooth crown together with a marked wear of the oclusal and incisal sides (Vissink et al., 
2003).The areas just below the contact points seem to be the last areas to be affected by 
radiation caries. 
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Trismus and / or fibrosis: Spasms and/or fibrosis of the masticatory muscles and 
temporomandibular joint (TMJ) capsule, usually occurs 3-6 months after radiation therapy, 
with unpredictable frequency and severity. It is worsened by some surgical resections 
(Rankin & Jones, 1999). 

Limited opening may interfere with oral hygiene, dietary intake, use of prostheses and 
restricted access to dental care and general anesthesia (Barker et al., 1996).  

It is often observed that  floor of the mouth and neck  fibrosis bears a relation with 
individual predisposing factors, among which peripheric circulatory disorders can be 
mentioned. 

Soft tissue necrosis/osteoradionecrosis (ORN):  Soft tissue and bone necrosis may develop 
because tissues within the field of radiation become hypovascular, hypoxic and 
hypocellular. The threat of this sequel persists indefinitely, although the risk is minimal 
when the total dose of radiation is < 5000 cGy.  

The effects of radiation on bone, periosteum, connective tissue, and vascular epithelium 
generally develop over time and include suppressed osteoblastic activity, decreased cell 
numbers, disorganization of bone remodelling, hypovascularity and increased fibrosis. 
Smaller blood vessels are more sensitive than large vessels. Initially, there is a periarteritis 
and endarteritis that progress to fibrosis and loss of endothelium. This results in the 
narrowing and possible obliteration of the lumen, reducing the blood supply to all tissues 
within the radiation field. 

Factors that may contribute to an increased risk of necrosis include compromised 
vascularity from previous surgery, poor nutritional or health status, uncontrolled diabetes 
and heavy tobacco or alcohol use. Trauma may result from tooth extraction, invasive 
periodontal procedures and intraoral prosthetic appliances. The necrosis process may take 
place spontaneously or result from trauma, leading to non-healing soft tissue, bone 
lesions, and necrosis. The mandible is much more susceptible to ORN than the maxilla. 
The incidence of ORN is twice as high in dentate patients as it is among edentulous 
patients. 

Clinical manifestations of ORN may include pain, orofacial fistulas, exposed necrotic bone, 
pathologic fracture and suppuration (Barker et al., 1996).  

The management of patients with ORN depends on the severity of the necrosis  which may 
be controlled by local irrigation, antibiotic treatment, local sequestrectomy or wide 
segmental excision with or without reconstruction. Hyperbaric oxygen therapy is 
considered an adjunctive treatment for ORN, often used in conjunction with surgery, and 
has been associated with better success rates than surgery alone (Aitasalo et al.,  1995; 
McKenzie et al., 1993). 

5.2 Oral and dental management  

5.2.1 Pre oncologic treatment oral preparation 

With the increasing trend in outpatient management, including cancer therapies, every 
health care professional is a potential and integral part of the cancer treatment team that 



 
Oral Cancer 

 

38

once existed solely within the hospital environment. To provide optimal therapy, a 
functional, communicative, interactive team is critical to the successful management and 
outcome of the cancer patient. This includes the evaluation and treatment planning 
considering the overall patient health, tumor site, stage and tumor biologic status and 
patient´s cultural/socioeconomic status. Dentists, as part of a multidisciplinary team, have 
an active role before, during and after the treatment (Shaw, 1997). 

The aims of oral care programs for OC patients are: 

- to improve oral function and quality of life. 
- to improve and keep oral hygiene so as to reduce risk and severity of oral 

complications. 
- to eliminate oral infections and avoid tooth originated systemic ones. 
- to prevent, eliminate or control oropharyngeal pain. 
- to prevent or control salivary gland dysfunctions and tooth destruction. 
- to prevent or reduce the incidence of bone necrosis. 

The first step of the treatment should be a panoramic X-Ray in order to have a global vision. 
If tooth extractions are necessary for non-restorable or doubtful prognosis teeth (see criteria 
in Table 7), they should be made 15-20 days before radiation treatment and 5-10 days before 
chemotherapy.  

 
Caries (nonrestorable). 

Active periapical disease (symptomatic teeth). 

Moderate to severe periodontal disease (with mobility grade 2 and 3). 

Furcation lesions of grade II and III, periodontal pocket < 4 mm). 

Endo-periodontal processes. 

Lack of opposing teeth, compromised hygiene. 

Extensive periapical lesions (if not chronic or well localized). 

Partial impaction or incomplete eruption. 

Table 7. Criteria for pre-radiotherapy extractions 

Before starting radiotherapy, tissues must be healthy without tearing or leaks either in the 
oral mucosa or in the alveolar bones. Besides, endodontic treatment of deeply decayed teeth 
must be carried out, glass ionomer and resins must be used for cavity obturation, metallic 
reconstructions must be avoided, planing and polishing of the dental and prosthetic sharp 
cusps must be performed. There must be a tight control of microflora and of oral hygiene 
techniques. Fluoride tooth paste and adequate prothesis disinfection are highly advisable. 

5.2.2 During radiotherapy treatment 

A weekly check up by the interdisciplinary team will allow the professionals involved to 
detect early lesions and to make sure that the patient follows all preventive indications. 
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Good results were obtained when a preventive program including mechanical and chemical 
biofilm control was put into practice. 

5.2.3 After a radiotherapy treatment 

Very strict oral hygiene as well as frequent visits to the dentist are mandatory to prevent 
infections and caries formation since extractions are highly unadvisable due to impending 
ORN risk. 

It has become essential to implement specific training courses dealing with OC patient care, 
which should be progressively included in the grade curricula.  

6. Psychological aspects of patient care 
Oral cancer is a complex health problem that deeply affects the life of the patient since it 
involves vital body areas related to communication and emotions. Comparatively, it is even 
more disturbing than general cancer since head and neck cancer is clearly related to 
functional speech and swallowing problems; therefore, OC patients are among the most 
distressed sufferers. 

We will point out here some of the characteristics of the patients given the painful 
experience they have to go through. 

6.1 Patient´s previous history 

6.1.1 Alexithymia 

It refers to a specific disturbance in psychic functioning characterized by difficulties in the 
capacity to verbalize affections and to elaborate fantasies. OSCC leads the patient to a forced 
mutism sometimes preceded by poor verbal communication. Although initially described in 
the context of psychosomatic illnesses, alexithymic characteristics may be observed in 

patients with a wide range of medical and psychiatric disorders (Sifneos, Nemiah, 1973, 
cited by Marty, 1995).  

6.1.2 Traumatic episodes 

The existence of events that greatly disturbed the patients’ emotional lives may be 
interpreted as cumulative trauma. The clinical records of such patients reveal episodes of 
labour dissatisfaction, overadjustment  to extreme labour conditions, submission, 
unquestioned acceptance of social position, tragic loss of close relatives, change of roles or 
loss of working status.  

6.1.3 Vulnerability 

OSCC patients are vulnerable since the lesion is associated with unhealthy habits like 
alcoholism and tobacco addiction. Such habits are sometimes disruptive behaviours that 
appear as a consequence of unresolved affective problems. Bodily vulnerability (Zukerfeld, 
R. 1999, 2005) is defined as the possibility of either dysfunctional somatic behaviours and 
reactions to adverse, stressing factors or to cumulative trauma.   
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6.2 Emotional state during treatment 

Treatment shocks the OC patients in a global way, affecting their quality of life. They have 
to process a great deal of endogenous and exogenous stimuli. When the treatment is 
indicated, the first struggle is required: the patients have to adapt to a new routine, thus 
altering their usual habits; they have to accept new schedules and new premises even when 
they are far removed from their usual places of residence. The newly established routine 
increases the patients´ dependence since they need the care and attention of other persons as 
well as having to take care of themselves. Side effects produced by irradiation in the oral 
cavity make tasting, chewing and swallowing difficult. These impairments lead to loss of 
appetite and loss of weight, all of which tend to unbalance their emotional state.  Gaining 
weight becomes a major worry for the patients and their families. In some cases, the 
restrained, underlying anguish that has dominated the patient´s life finds a way out in the 
disease itself. That chronic state of dejection has been described in systemic patients as 
hidden depression, devoid of complaints or whining (Marty, 1966). 

6.3 Interdisciplinary approach 

In 2010, a partly structured, written survey was carried out. It was addressed to individual 
patients and to those acting as their companions who attended the Oncology Service at 
Hospital Nacional de Clínicas with the aim of finding out their opinion about the 
interdisciplinary care they were receiving. They were questioned about: Overall service 
performance (favourable or unfavourable), presence of several health professionals during 
consultation, patient´s suggestions to improve the service, optional therapies they would 
like to receive. The interviewed patients had been in contact with the service for a minimum 
of 3 months and a maximum of 6 years. Results: 53% of interviewed were male; 59% were 
smokers, 41% drank alcohol, 42% consumed both alcohol and tobacco. The 88% were 
satisfied, using the option “favourable” to describe their opinion about the service. They 
regarded the presence of dentists and psychologists in the team as very valuable; 71% 
declared they ignored the profession of the people present at consultation and 59 % stated 
they preferred to be seen by several professionals.   Concerning the medical services they 
would like to be offered, their preference rates were: social work (25%), physiotheraphy and 
language theraphy (18% each one) and personalized psychotherapy 12%. The following 
conclusions were drawn from the aforementioned results: the interdisciplinary team 
appears as a recommended approach for OC patients, not only because it focuses the 
disease comprehensively but also because the patients themselves expressed a positive point 
of view in its regard. Although the interdisciplinary approach to cancer patients is 
established in health systems, it is important to know how good this model works from the 
patient´s viewpoint. 

- The dynamics of consultation is mainly based on a unilateral information medical 
request, being the patient´s role fairly secondary. Most patients did not know the 
specialty of the professionals present at consultation.  

The patient plays a leading role both in defining and privileging his health problems and in 
accepting or refusing the possible solutions. Helping the patient to become active and to 
regain control of his own life is a desirable aim in every medical case. However, when 
dealing with OC patients, this goal acquires a special dimension. 
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6.4 The role of the psychologist 

Psycho oncology conceives cancer as a symptom of an illness comprising myriads of factors 
both at its starting point, during its course and in its recovery stage (Middleton, 2002). As a 
field of knowledge, psycho oncology goes beyond the limits of disciplinary knowledge. The 
role of the psychologist in the OC team may be summarized as follows: 

- Pave the way for a more interactive consultation by stimulating the patient´s participation 
in such a way that communication can flow more easily among patient, relatives and 
medical team.  

- Ask for and provide information. 
- Bring into consultation aspects related with the patient´s lifestyle : food, sleeping habits, 

leisure time, side effects of the treatment.  
- Lower the patient´s depersonalization caused by their illness and its demanding attention. 
- Propose the patient to make a critical reflection about the association between his 

lifestyle and his illness. 
- Assign due importance to the role of their companions and to their supporting net of 

relations. Encourage, support, challenge the patient and their family.  
- Contribute to install the idea that the illness should be perceived as a meaningful 

experience, as a chance for reflection and change.  
- Understand the incidence of psycho social factors during the course of the illness. 

As a member of the medical team dealing with OC patients, the psycho oncologist acts as a 
catalyst. His presence helps the patients´ psychological state, which may contribute to a 
better understanding of their reality. 

7. Conclusion  
OSCC has a bad prognosis and survival time is short in spite of the technological advances 
applied to treatments.  

Most patients, disregarding the initial symptoms, go to consultation at advanced OSCC 
stages. Pre-malignant lesions may appear 10 years before the initial OSCC manifestations. 
Although the carcinoma may be preventable through treatment of pre-cancerous lesions, 
many dentists and family physicians are not performing the opportunistic oral cavity  
exams. Oral cavity cancers can be detected easily with a simple oral examination, but 
compared to cancers that involve more elaborate screening tests (i.e., breast, prostate and 
colon), the rate of early diagnosis has not improved over time.  

OSCC is related to preventable risk factors. Therefore, we strongly advocate that doctors should 
discourage all their patients from smoking and drinking excessively. Furthermore, intensive 
public promotion and educational campaigns are imperative to increase patient awareness.  

Dental professionals have an important role both in  primary prevention of oral cancer -by 
inducing healthy life styles- and in secondary prevention by detecting oral cancer or its 
precursor lesions at early stages.  
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1. Introduction 
Neoplasms of diverse cellular origin arise in the oral cavity and among these oral squamous 
cell carcinoma (OSCC) arising from the mucosa of the oral cavity constitutes to over 90%1, 2. 
Oral cancer encompasses all the malignancies originating in the oral tissues, including 
cancers of the lip, tongue, gingiva, floor of the mouth, buccal mucosa, palate and the 
retromolar trigone. It is the 6th most common cancer worldwide3. Oral squamous cell 
carcinoma is described as an invasive epithelial neoplasm with varying degrees of 
squamous differentiation and a propensity to early and extensive lymph node metastases, 
occurring predominantly in alcohol and tobacco using adults generally in the 5th and 6th 
decades of life.  

Globally about 5, 00,000 new cases of oral and oropharyngeal cancers are diagnosed and 
three quarters of these are from the developing world7, 8, 9. Approximately 3, 89,650 cases 
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1, 22,978 for the cancer of oropharynx (ICD – 9 146, 8-9). This represented about 5% of all 
cancers for men and 2% for women10. Oral and oropharyngeal cancers remain one of the 
more common cancers in the South and South East Asian countries, as opposed to Western 
society, where it accounts for only about 1 – 4% of the of reported cancers incidence 4. For 
example, the incidence of oral cancer in India is high, constituting about 12% of all cancer in 
men and 8% in women5; mortality rate is equally high in this population, ranking number 
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cervical lymph node metastases do in fact have microscopic metastases and therefore poorer 
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prognosis87. Among the Indian population, the overall 5- year observed and relative 
survival rates were 30.5% and 39.7%, respectively. Survival steadily declined with 
advancing age and advanced clinical stages. 5-year observed survival was 59.1% for 
localized cancer, 15.7% for cancers with regional extension and 1.6% for those with distant 
metastasis. Those with tongue, buccal mucosa and retromolar trigone cancers had poor 
survival rates11. 

2. Risk factors for oral cancer  
The cancer epidemic in developed countries, and increasingly in developing countries, is 
due to the combined effect of the ageing of populations, and the high or increasing levels of 
prevalence of cancer risk factors15. About 95% of patients with oral cancer are over 40 years 
of age at diagnosis, and the mean age at diagnosis is 60 years. The association of oral cancer 
with increasing age is consistent with the disease process being related to environmental 
risk factors. Risk rises dramatically among males from about 7/1, 00,000 at the age of 30 to 
approximately 80/1, 00,000 for the 60 year old15.  

The development of oral cancer in many cases appears to be due to chronic exposure to 
topical carcinogens, notably tobacco and alcohol16 proposed to interact synergistically to 
increase cancer. However, there is a distinct geographical variation among the risk factors 
contributing to oral cancer. In the Western population exposure to sunlight (lip cancer), 
cigarette-smoking, and alcohol consumption are the frontline etiologic culprits compared 
with the use of smokeless tobacco and combustible tobacco more prevalent in the South East 
Asian countries17.  

The concurrent use of tobacco and alcohol accounts for 75% of all oral cancers18. Other risk 
factors for oral cancers includes over exposure to sun rays, particularly the cancer of the lip, 
and malnutrition or poor dietary intake of essential minerals19. Currently the role of viruses 
such as human papillomavirus20, 21, 22, 23 is also implicated as a major risk factor. They are 
believed to induce cancers by altering the DNA and the chromosomal structures of the cells 
and by inducing proliferative changes of the cells they infect.  

An increased consumption of fruits and vegetables is associated with lower risk of oral 
cancers24. Thus, primary preventive measures in oral cancer includes, avoidance of tobacco 
and alcoholic intake, avoiding exposure to certain viruses and exposure to sunlight and 
consumption of fruits and vegetables.  

Tobacco: Overwhelming majority of carcinomas is closely linked to tobacco usage in various 
forms. Tobacco may be consumed as smoking tobacco or smokeless tobacco. It is used in 
various forms such as chewing tobacco, oral use of snuff, smoking of cigars, cigarettes, bidis, 
pipes, among others (Table – 1.1).  

The smoking of tobacco is a widespread habit practiced by people from most cultures and 
societies throughout the world. While the custom of tobacco smoking is almost universal in its 
occurrence, there is considerable variation with respect to the amount of tobacco smoked and 
the form in which it is smoked. Smokeless tobacco is tobacco that is not burnt when it is used 
and is usually placed in the oral or nasal cavities against the mucosal sites that permit the 
absorption of nicotine into the human body. The two main types are the chewing tobacco and 
snuff. It may be used alone or in combination with other substances such as lime. 
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Smoking Tobacco 

Cigarette Finely cured tobacco treated with sugars, flavoring agents wrapped 
in paper. 

Bidi Small quantity of shredded sun cured tobacco which is hand rolled 
into a piece of tendu (temburni tree leaf – Diospyrous melanoxylon). 

Cigars Made of cigar tobaccos, wrapped in a tobacco leaf, paper or 
reconstituted tobacco. 

Chutta Hand made cigar containing cured tobacco in a dried tobacco leaf 
wrapping.  

Pipe – 
Briar Pipe, 
Meerschaum Pipe 
(England), 
Chillum (India) 

Pipe tobaccos are of variable composition usually consist of blended 
tobaccos to which sugars and flavoring agents such as liquorices are 
added. 

Smokeless tobacco 

Chewing tobacco 

Plug tobacco, loose leaf tobacco and twist (roll) tobacco (Western 
World).  
Khaini, Pattiwala tobacco, Mainpuri tobacco, Mishri, Zarda, Kiwam, 
Gudakhu, Shammah, Nass, Naswar. 

Snuff 
A moist type, consisting of very finely cut tobacco which is used in 
the mouth and a dry type, which is finely pulverized tobacco and 
which is used orally or nasally. 

Table 1.1. Different forms of tobacco and usage 

Among the different smoking habits, the cigarette or cigar increased the risk of cancer by 6 
times, hookah and pipe by 16 times and bidi smoking by 36 times25 as compared to non 
smokers. In the largest population-based case-control study of oral cancer yet conducted16, 
strong positive trends in risk were observed according to amount and duration of each type 
of tobacco and amount of alcohol consumption. Relative to nonsmokers, heavy cigarette 
smokers (40+/day for 20+ years) experienced a four-fold risk (men) and ten-fold risk 
(women) after adjusting for alcohol intake. After controlling for smoking, moderate drinkers 
(15-29 alcoholic drinks/week) had a three-fold risk of oral cancer and heavy drinkers (> 30 
drinks/week) experienced an eight- to nine-fold risk. Combined heavy smoking and 
drinking resulted in a greater than 35-fold excess risk.  

The chewing of quid containing betel leaves, tobacco, and lime and the smoking of bidi 
contribute to the majority of cases in parts of India and Southeast Asia26, 27. Among users of 
snuff, cancerous lesions typically arise at the site where smokeless tobacco or quid, is held in 
contact with the buccal mucosa or gingiva. Although not as prevalent as cigarette smoking, 
habitual use of pipes, cigars, and smokeless tobacco is associated with relative risks for 
cancers of the mouth as great as that for cigarette smoking28. The site of origin of oral cancer 
usually corresponds to the placement of tobacco quid29. The patients who chewed and 
smoked tobacco together had a tenfold higher risk of cancer of the oral cavity relative to the 
non-chewing, non-smokers, whereas the patients who only chewed tobacco had a six fold 
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higher risk of cancer and the patients who only smoked had a threefold increase in the same 
risk30. It has also been demonstrated that the relative risk of chewing betel quid without 
tobacco for oral cancer was lowered compared to chewing betel quid with tobacco31. The 
role of areca nut in oral carcinogenesis is a matter of debate, however, areca nut and lime 
when used has had a definite carcinogenic effect, even when chewed without tobacco32.  

Tobacco consumption is positively correlated with accumulation of DNA damage, and 
exposure to tobacco related chemical carcinogens could provide direct damaging effects on 
the cellular DNA in the human oral cavity33, 34. DNA damaging agents found in tobacco 
include benzi (a) pyrene (B (a) P) and tobacco specific N’-nitrosamines (TSNAs). Examples 
of TSNAs are N nitrosonornicotine (NNN) and 4- [methylnitrosoamino]-1-[3-pyridyl]-1-
butanone (NNK) and these chemicals exhibit carcinogenicity in animals33, 35. In fact, 
damaged genomic DNA has been detected as DNA adducts in various tissues of cigarette 
smokers36, 37. Nitrosamines contain the organic functional group N-N=O, and are formed by 
the nitrosation (addition of an N=O group) of secondary and tertiary amines. Another 
chemical term for these tobacco amines is an “alkaloid”, an organic base that contains 
nitrogen and is located in a seed plant. TSNA are created during fermentation, curing and 
burning of the tobacco leaf. These findings strongly suggest a causal role of tobacco use in 
oral carcinogenesis38.  

Alcohol: The independent risk of alcohol in oral cancer etiopathogenesis is uncertain as 
most of the alcohol users are smokers as well. Alcohol is thought to be associated with 
carcinogens through several mechanisms in that it may damage the oral mucosa through a 
direct effect on cell membranes, removing lipids and increasing the permeability of the oral 
mucosa to noxious carcinogenic substances. It also has systemic effects and alcohol related 
liver damage may potentiate the action of carcinogens in the oral mucosa by reducing the 
body’s ability to detoxify harmful compounds. Alcohol also has immunosuppressive effect 
and this together with a degree of nutritional deficiency may also contribute to the 
carcinogenic process. In addition, acetaldehyde a direct metabolite of alcohol is a carcinogen 
and may be produced both systemically and by the oral micro flora. 

Viruses: Both RNA-containing and DNA-containing viruses have been identified as 
carcinogenic. These viruses may incorporate one or more of the functional genes into the 
host DNA and secondly the persistent expression of this viral genome may maintain the 
host cell in the transformed state. Although Epstein – Barr virus (EBV), Herpes Simplex 
viruses (HSV), Retroviruses and Human papillomaviruses (HPVs) have all been implicated 
to play a role in the development of oral carcinoma, HPV is increasingly highlighted as a 
risk factor in oral carcinogenesis39, 40, 41, 42. 

HPVs, especially those genotypes of known high oncogenic potential in uterine cervix and 
skin such as HPV 16 and 18, are found in a variable but small proportion of oral cancers. 
This has lead to the speculation that HPV infection, perhaps arising from oral/ genital 
contact, might be important in some cases. Of interest is the observation that HPV 
containing cancers at these sites do not generally show TP53 mutations, contrary to HPV 
DNA negative cancers43. 

It is well known that E6 protein from “high risk” HPV interact with E6 associated protein 
(E6/E6-AP) complex, which binds to and induces degradation of p53 protein44, 45. ”High 
risk” HPV infection, however, directly abrogates the innate check point mechanisms against 
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such environmental challenge, resulting in the accumulation and propagations of mutations. 
Hence, the viral infection in combination with existing chemical carcinogens may be the 
paramount causative agents for the development of oral cancer46.  

Diet and deficiency states: Recent epidemiologic studies have indicated that diet may play 
an important role in the origin of these cancers. Findings have pointed to the protective 
effects of a diet consistently high in fresh fruits; vegetables; vitamins A, C, and E; and 
carotenoids, even with adjustment for alcohol intake and smoking47, 48, 49, 50, 51. A reduced 
risk of oral cancer associated with vitamin E supplementation has been shown in one 
study52. Certain deficiency states may cause epithelial atrophy, which renders the 
epithelium vulnerable to action of carcinogens. Vegetarianism versus non vegetarianism has 
failed to show any role in oral cancer development53. High levels of carotenoids have been 
shown to be strongly related to lower risk of oral cancer development. The possible role of 
micronutrient ingestion with an associated antioxidant effect has been emphasized. Natural 
carotenoid compounds, dietary selenium, folate and vitamin A, C and E have been stated to 
offer protective effects regarding cancer development54. Iron deficiency anemia, a relatively 
common disorder, may produce atrophic oral changes (as seen in patients with Plummer-
Vinson syndrome) that may predispose to malignant transformation55.  

Oral cancer affects men more often than women because of heavier indulgence in both 
tobacco and alcohol habits in most countries58, 59. However, in India the oral cancers are also 
common among women due to tobacco chewing habits. The male to female ratios, globally, 
however, is lower for cancer of the oral cavity than for cancer of the oropharynx, perhaps 
suggesting that higher exposure to tobacco smoking and alcohol drinking are required to 
induce oropharyngeal than oral cancer60. An epidemiological review on oral cancer in India 
showed that the mean age was 57.1 years for males and 58.6 years for female patients with 
peak age frequency in the sixth decade for men and seventh decade for women5. 

Other factors: Carcinoma of the vermilion border of the lip is more often linked to working 
outdoors in fair skinned individuals regularly exposed to sun light. This has been 
attributable to the effect of UV radiation26, 56. Orodental factors like poor oral hygiene, faulty 
restorations, sharp teeth and ill-fitting dentures may also play a role in the etiology of oral 
cancers57.  

3. Clinical features  
The clinical features of oral cancer differ considerably for different intraoral locations. 
Patients with small oral and oropharyngeal SCC are often asymptomatic or may present 
with vague symptoms and minimal physical findings. Hence, a high index of clinical 
suspicion is needed to diagnose small lesions, especially if the patients have tobacco and 
alcohol habits. Patients may present with red lesions, mixed red and white lesions or white 
plaques. Co existing white plaques may be observed adjacent to carcinomas and this implies 
an origin in a pre existing white lesion though the prevalence of this association varies 
considerably. However, most patients present with signs and symptoms of locally advanced 
disease. The clinical features may vary according to the affected intra oral site. Mucosal 
growth and ulceration, pain from the lesion, referred pain to the ear, malodor from the 
mouth, difficulty with speaking, discomfort while chewing, pain with swallowing, weight 
loss, swelling in the neck are the common presenting symptoms of locally advanced oral 
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cancers. Occasionally patients present with enlarged neck nodes without any symptoms 
from oral or oropharyngeal lesions. Extremely advanced cancers present as 
ulceroproliferative growths with areas of necrosis and extension into the surrounding 
structures. In the advanced stages patients may present with orocutaneous fistula, 
intractable bleeding, severe anaemia and cachexia.  

Tumors may arise in any part of the oral cavity and its preferential occurrence varies with 
the geographical domain reflecting different risk factors. Within the oral cavity, oral cancer 
may be localized to buccal mucosa, upper and lower gingiva, hard palate, anterior two 
thirds of the tongue, including the dorsal, ventral and lateral surfaces, and floor of the 
mouth. The most common oropharyngeal site of involvement for SCC is the base of tongue.  

Oral cancers have a varied clinical presentation in that they may be exophytic or endophytic. 
Exophytic lesions typically have surfaces that are irregular, fungating, papillary or 
verruciform and its color may vary from normal to red to white, depending on the degree of 
vascularity and the amount of surface keratin. The surface is often ulcerated, and the tumor 
feels indurated on palpation. The endophytic growth pattern is characterized by a 
depressed, irregularly shaped, ulcerated central area with a surrounding “rolled” border of 
normal, red or white mucosa. The rolled border results from invasion of the tumor 
downward and laterally under adjacent epithelium.  

Carcinoma of the lip is typically found in light skinned persons with either long term 
exposure to ultraviolet radiation from sunlight or a history of sunburn early in life. It also 
may arise at the site where a cigarette, cigar or pipe stem is held by the patient. Almost 90% 
of lesions are located on the lower lip. The typical vermilion carcinoma is a crusted, oozing, 
non tender, indurated ulceration that is usually less than 1cm in its greatest diameter. The 
tumor is characterized by a slow growth rate and metastasis is a late event61, 62.  

The most common intraoral carcinoma is the tongue, usually the posterior-lateral and 
ventral surfaces. Cancer of the tongue may appear as a red area interspersed with nodules 
or as an ulcer infiltrating deeply, leading to reduced mobility of the tongue. These tumors 
are painful. Advanced stages are associated with drooling. Lesions near the base of the 
tongue are particularly insidious, since they may be asymptomatic until they attain 
advanced stage. Even then the only manifestation may be a sore throat and dysphagia. The 
specific site of development of these tumors is of great significance, since the lesions on the 
posterior portion of the tongue are usually of a higher grade of malignancy, metastasize 
earlier and offer a poorer prognosis, especially because of their inaccessibility for early 
diagnosis and treatment. Metastasis occurs with greater frequency in cases of tongue cancer. 
In India, the cancers over the anterior 2/3 of tongue are related to the tobacco chewing habit 
and posterior 1/3 lesions are related to bidi smoking63, 64.  

Carcinoma of the floor represents 15 – 30% of all intra oral cancers. Cancers of the floor of 
the mouth may arise as a red area, a small ulcer or as a papillary lesion. Most patients 
present with discomfort or irritation at the site of the tumor. This type of cancer affecting 
predominantly the males of the higher age group has shown to be associated with tobacco 
usage and alcohol drinking65. The typical carcinoma in the floor of the mouth is an 
indurated ulcer of varying size situated on one side of the midline. Because of its location, 
early extension into the lingual mucosa of the mandible and into the mandible proper as 
well as into the tongue occurs with considerable frequency. Of all intra oral carcinomas, oral 
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floor lesions are the most likely to arise from a preexisting leukoplakia or erythroplakia. It is 
also the oral cancer site most often associated with the development of a second primary 
malignancy of another aerodigestive tract location or a distant organ. Metastasis from the 
floor of the mouth are found most commonly in the submandibular group of lymph nodes 
and since the primary lesion frequently occurs near the midline where a lymphatic drainage 
occurs contra lateral metastases are often present66.  

Cancer of the buccal mucosa may present as an ulcer with indurated raised margin, 
exophytic or verrucous on the side with the placement of betel quid. In advanced stages 
these lesions infiltrate into the adjacent bone and overlying skin. Leukoplakia is a common 
predecessor of carcinoma of buccal mucosa and they originate in the commissural areas and 
spreads posteriorly. The most common sites of metastases are the sub maxillary 
lymphnodes67, 68.  

Carcinomas from gingiva and alveolar ridge are usually painless and most frequently arise 
from keratinized mucosa. It is generally agreed that carcinoma of the mandibular gingiva is 
more common that the involvement of maxillary gingiva. Carcinoma of the gingiva usually 
manifested initially as an area of ulceration which may be purely erosive or may exhibit an 
exophytic granular or verrucous type of growth. The tumor arises more commonly in 
edentulous areas, although it may develop in a site in which teeth are present. The attached 
gingiva is more frequently involved than the free gingiva. The proximity of the underlying 
periosteum and bone usually invites early invasion of these structures. In maxilla, gingiva 
carcinomas often invade into the maxillary sinus, or it may extend onto the palate or into the 
tonsillar pillar. In the mandible, extension into the floor of the mouth or laterally into the 
cheek as well as deep into the bone is rather common. Of all the intra oral carcinomas, this 
one is least associated with tobacco smoking and has the greatest predilection for females69.  

Tumors of the alveolar ridge may occasionally present difficulty in wearing dentures or may 
present loose teeth associated with pain and bleeding during brushing of teeth. Tumors of 
the hard palate are not particularly common lesions and palatal carcinomas usually 
manifests itself as a poorly defined, ulcerated, painful lesion on one side of the midline. It 
crosses the midline, and may extend laterally to include the lingual gingiva or may 
posteriorly extend to involve the tonsillar pillar or uvula. Tumors of the hard palate often 
presents as papillary or exophytic growths, rather than a flat or ulcerated lesion.  

Cancers of the soft palate and oropharyngeal mucosa has the same basic clinical appearance 
as more anterior carcinomas, except that in this posterior location the patient often is 
unaware of its presence and the diagnosis may be delayed. The tumor site is greater than 
that of more anterior carcinomas and the proportion of cases with cervical and distant 
metastasis at diagnosis is higher70.  

4. Relevant diagnostic procedures  
Early detection of cancer is the most effective means of reducing mortality. Accurately 
identifiable biomarkers for early detection may provide newer avenues and constitute 
potential targets of cancer and its risk assessment. Screening for oral cancer should include a 
thorough history and physical examination. The clinician should visually inspect and 
palpate the head, neck, oral and pharyngeal regions. This procedure involves digital 
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palpation of neck node regions, bimanual palpation of the floor of mouth and tongue. 
Protraction of the tongue with gauze is necessary to visualize fully the posterior lateral 
tongue and tongue base. The clinician should review the social, familial and medical history 
and should document risk habits, a history of head and neck radiotherapy, familial history 
of head and neck cancer and a personal history of cancer.  

The diagnosis is confirmed by biopsy. The specimen is taken from the clinically most 
suspicious area, avoiding necrotic or grossly ulcerated areas and biopsy specimens from 
more than one biopsy site may need. In patients with enlarged cervical lymph nodes and an 
obvious primary in the oral cavity, the biopsy is always taken from the primary site and not 
from the lymph node. In such situations, fine needle aspiration cytology may be carried out 
to verify the involvement of the node. If no obvious primary site is found in patients 
presenting with neck nodes, fine needle aspiration of the lymph node can be performed to 
help establish the diagnosis. In patients for whom fine needle aspiration is non diagnostic, 
excisional lymph node biopsy is required. Patients with SCC of the oral cavity or 
oropharynx have a risk of multiple primary tumors in the pharynx or larynx, as well as in 
the tracheobronchial region and oesophagus so routine panendoscopy is often performed to 
evaluate these sites.  

Imaging: Intra oral and dental radiographs, in combination with orthopantomography, may 
help in identifying involvement of the underlying bone. Three dimensional imaging with 
computed tomography (CT) and magnetic resonance imaging (MRI) is frequently used to 
supplement the clinical evaluation and staging of the primary tumor and regional lymph 
nodes. CT scan or MRI gives more information about the local extent of the disease and also 
help to identify lymph node metastases. MRI is more informative when evaluating the 
extent of soft tissue and neurovascular bundle involvement. The combination of soft tissue 
characterization and anatomical localization afforded by CT and MRI make them valuable 
tools in the preoperative assessment of patients. Distant metastasis from oral cancer is 
uncommon at presentation. At minimum, a routine radiograph of the chest is performed to 
rule out lung metastases.  

5. Tumor spread 
Local spread of oral SCC, in the early stages, is relatively predictable in tissues that have not 
been previously irradiated. It is influenced by local anatomical features. Lip SCC spreads 
superficially and then into deeper tissues. Floor of mouth SCC spreads superficially rather 
than in depth, invading into the myelohyoid muscle or the sublingual gland only at late 
stage. Tumor involving the lateral margin of tongue, whether arising there directly or by 
superficial spread from the floor of mouth, tends to spread deep within the tissue. The 
intrinsic muscles of tongue run in small bundles in all directions such that invading tumor 
encounters some muscle running at right angles to the surface. Tumors of palate spread 
superficially rather than deep and this is also true for more posterior tumors of the 
oropharynx.  

Spread of SCC into bone is a frequent problem. The mandible is involved much more 
frequently than the maxilla. Tumors in the mandible can involve the inferior alveolar nerve 
with a particular likelihood of spread posteriorly along the nerve. Cancers arising in gingiva 
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or alveolus and those involving these sites by extension from adjacent sites are unlikely to 
invade into the mandible71.  

Tumor spread in previously irradiated soft tissues tends to be more extensive and less 
predictable than in normal tissues and as a consequence requires more extensive surgery if 
excision is attempted. Spread to local lymph nodes worsens the prognosis in oral and 
oropharyngeal cancer. The mechanism of spread from primary site to lymph nodes is almost 
always by dissemination. The lymph nodes in the neck are divided into levels. The 
lymphatic drainage from the head and neck sites is relatively predictable72.  

Levels at high risk for metastasis from OSCC are level I, II and III and to a lesser extent level 
IV. Although Level II is the most frequently involved, some tumors spread to Level III or IV, 
with or without involvement of Level I. This has given rise to the concept of skip metastasis. 
Bilateral spread to the neck is likely to occur from tumors involving the midline, especially 
tumors of the posterior tongue or soft palate. Extra capsular spread of tumor involving 
lymph nodes is associated with a poor prognosis. There have been many studies attempting 
to predict the presence of lymphatic spread from features of the primary tumor66, 73.While 
the implementation of multi-modality neoadjuvant therapy for the treatment of head and 
neck cancer has resulted in an improvement in local regional control, there has been a 
resultant increase in the reported incidence of distant metastasis. This shift in the pattern of 
patient treatment failure highlights the importance of identifying patients at high risk of 
developing metastasis, accurately detecting metastasis, and improving treatment strategies 
for advanced disease. Currently, metastatic lesions from head and neck primaries portend a 
poor prognosis73. 

Pattern of the invasive front is a useful predictor in that a non cohesive front is associated 
with increased likelihood of metastases. Other factors associated with increased risk of 
metastases are perineural spread at the invasive front, lymphovascular invasion and tumor 
thickness. For diagnostic purposes, a thickness of 5mm or greater is used as indicating 
increased risk of nodal spread74. Until recently hematogeneous spread of oral cancer had 
been regarded as less important than local and lymphatic spread. However, its importance 
is increasing as loco-regional control improves. Blood borne spread most often involves 
lung75, 76. The best predictor of the likelihood of spread is involvement of the neck at multiple 
levels. This suggests that the route of entry of tumors into the circulation is most often via 
the large veins in the neck and that haematogenous spread is in effect tertiary spread 
following extracapsular spread from neck nodes.  

6. Staging  
Clinical staging refers to an assessment of the extent of the disease before undertaking 
treatment. The purpose of staging is for the selection of the most appropriate treatment plan, 
for meaningful comparison of the end results reported from different sources and for 
determining tumor size, extent of metastasis, and other indicators of patient prognosis.  

TNM clinical classification if carcinomas of the lip and oral cavity77, 78 

T – Primary tumor 
TX – Primary tumor cannot be assessed 
T0  – No evidence of primary tumor 
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Tis – Carcinoma in situ 
T1  – Tumor 2cm or less in its greatest dimension 
T2  – Tumor more than 2cm but not more than 4cm in greatest dimension 
T3  – Tumor more than 4cm in greatest dimension  
T4a (Lip) 
 – Tumor invades through cortical bone, inferior alveolar nerve, floor of mouth or 
 skin (Chin or nose) 
T4b (Oral cavity) 
 – Tumor invades through cortical bone, into deep / extrinsic muscles of the tongue 
 (genioglossus, hyoglossus, palatoglossus and styloglossus), maxillary sinus or skin 
 of face  
T4b (Lip and oral cavity) 
 – Tumor invades through masticator space, pterygoid plates, or skull base or 
 encases internal carotid artery  
NOTE  – Superficial erosion alone of bone/ tooth socket by gingival primary is not 
 sufficient to classify tumor as T4 
N – Regional Lymph nodes (Cervical nodes) 
NX  – Regional lymph nodes cannot be assessed 
N0  – No regional lymph node metastasis 
N1  – Metastasis in a single ipsilateral lymph node, 3cm or less in greatest dimension. 
N2 – 
N2a – Metastasis in a single ipsilateral lymph node, more than 3cm but not more than  
 6 cm or less in greatest dimension. 
N2b  – Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest 
 dimension. 
N2c – Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in 
 greatest dimension 
N3  – Metastasis in a lymph node more than 6 cm in greatest dimension 
Note   – Midline nodes are considered ipsilateral nodes. 
(M)  – Distant metastasis 
MX  – Distant metastasis cannot assessed 
M0  – No evidence of distant metastasis 
M1  – Distant metastasis is present 

7. Stage grouping  
 

Stage 0 Tis  N0 M0 
Stage I T1 N0 M0 
Stage II T2 N0 M0 
Stage III T1,2,3 N1 M0 

Stage IVA T1,2,3 N2 M0 
T4a N0,N1,N2 M0 

Stage IVB 
Any T N3 M0 
T4b Any N M0 

Stage IVC Any T Any N M1 
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8. Grading 
Squamous differentiation, often seen as keratinization with variable “pearl” formation and 
invasive growth are the prerequisite features of SCC. Invasion is manifested by the 
disruption of basement membrane and extension into the underlying tissue, often 
accompanied by stromal reaction. Angiolymphatic and perineural invasion are additional 
signs of malignancy.  

The tumors are traditionally graded into well – moderately - , and poorly differentiated 
SCC. Well differentiated SCC resembles closely normal squamous epithelium. Moderately 
differentiated SC contains distinct nuclear pleomorphism and mitotic activity, including 
abnormal mitoses; there is usually less keratinization. In poorly differentiated SCC, 
immature cells predominate, with numerous typical and atypical mitoses and minimal 
keratinization. Most SCC is moderately differentiated, so grading by differentiation is really 
of limited prognostic value, as compared to pattern of invasion. Broder’s82 grading was the 
first of the systems which initiated quantitative grading of cancer. This classification system 
was based on the estimated ratio of differentiated to undifferentiated elements in the tumor. 
The author suggested a grading system in which a grade I lesion was highly differentiated 
(its cells were producing much keratin), while grade IV were poorly differentiated (cells 
were anaplastic and showed no keratin formation) (Tab 1.2). 

 

Grade I: 

 Numerous epithelial pearls, considerable cellular keratinization with 
inter cellular bridges; 

 Less than 2 mitoses per high power field,  

 Atypical mitosis and multinucleated giant cells rarely present, 
minimal nuclear and cellular pleomorphism. 

Grade II: 

 Epithelial pearls infrequent or even absent; neither keratinization of 
individual cells nor the presence of intercellular bridges; 

 2-4 mitoses per high power field with occasional atypical mitosis; 

 Moderate pleomorphism of cells and nuclei. 

Grade III: 

 Epithelial pearls rarely seen; negligible cellular keratinization and no 
inter cellular bridges; 

 More than 4 mitoses per high power field with frequent atypical 
mitoses, cellular and nuclear pleomorphism marked. 

Grade IV:   Highly anaplastic, practically no keratin formation 

Table 1.2. Histologic Grading of Oral Cancer82  
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Later Anneroth et al developed a much better classification system in 198779 (Tab 1.3) 

 

Morphologic 
parameters 1 2 3 4 

Degree of 
keratinization 

Highly 
keratinized  
(50% of cells) 

Moderately 
keratinized 
(20-50% of cells) 

Minimal 
keratinization 
(5-20% of cells) 

No 
Keratinization 
(0-5% of cells) 

Nuclear 
Polymorphism 

Little nuclear 
polymorphis
m (>75% 
mature cells) 

Moderate to 
abundant 
nuclear 
polymorphism 
(50-70% mature 
cells) 

Abundant 
nuclear 
polymorphism 
(25-50% mature 
cells) 

Extreme 
polymorphism 
(0-25% mature 
cells) 

Number of 
mitosis/high 
power field 

0-1 2-3 4-5 >5 

Pattern of 
invasion  

Pushing, well 
delineated 
infiltrating 
border 

Infiltrating solid 
cords, bands of 
strands 

Small groups of 
cords of 
infiltrating cells  

Marked and 
wide spread 
cellular 
dissociation in 
small groups 

Stage of 
invasion 

Carcinoma in 
situ or 
questionable 
invasion 

Direct invasion 
but involving 
lamina propria 
only 

Invasion below 
lamina propria 
adjacent to 
muscle, 
salivary gland 
and periosteum 

Extension and 
deep invasion 
replacing most 
of the stromal 
tissue and 
infiltrating jaw 
bones 

Lympho-
plasmocytic 
invasion 

Marked Moderate Slight  None  

Table 1.3. Histologic Grading of Malignancy of tumor cell population (points) 

All the above features are graded in the most poorly differentiated parts of the tumors. Each 
morphologic feature is graded from 1 to 4, and a total malignancy score is the sum of scores. 
A high total score indicates a poor prognosis. However this system had a few drawbacks as 
it was complicated and time consuming. Besides which the evaluations of features were 
dependent on a large and representative biopsy.  
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Invasive front 

Tumor growth at the invasive front can show an expansive pattern, an infiltrative pattern or 
both. Expansive growth pattern is characterized by large tumor islands with well defined 
pushing margins and is associated with a better prognosis. Infiltrative growth pattern is 
characterized by scattered small irregular cords or single tumor cells, with poorly defined 
infiltrating margins and is associated with a more aggressive course80. 

Bryne et al81 modified this system as they found that deep, invasive cells of the tumor 
appears to be histologically less differentiated than cells in the more superficial parts. They 
included a new parameter “invasive cell grading” into the system proposed by Anneroth et 
al.79 The grading system described by Bryne et al81 consists of five morphological features 
namely degree of keratinization, nuclear polymorphism, number of mitoses, mode of 
invasion and plasma-lymphocytic infiltration. Each of these features was scored from 1 to 4 
according to the definitions given by Anneroth et al79. Only the cells at the deep, invasive 
margins of the tumor were graded. The scores for each morphological feature were summed 
into a total malignancy score. 

9. Prognosis and predictive factors  
Tumor size and nodal status are the most significant prognostic factors. Histological grade 
correlates poorly with patient outcome. The value of grading improves when only the 
deeply invasive margins of the tumor are evaluated. Tumors invading with pushing borders 
are less aggressive than tumors showing a non cohesive front showing diffuse spread with 
tiny strands or single cells. Major risk factors that adversely influence prognosis are two or 
more positive regional nodes, extra capsular extension of nodal disease or positive margins 
of resection. The other important histologic features associated with poor prognosis are 
tumor thickness and vascular invasion83, 84, 85, 86, 87.  

Second Primary Tumors: It has been recognized that patients with oral cancer are at a risk 
of second tumors in the upper aero digestive tract. This has been reported to occur in 10 – 
35% of cases88, 89. These may be synchronous with the index tumor or, if occurring after 
intervals of longer than months are described as metachronous. Recurrence of the index 
tumor after treatment can be diagnosed by the pathologist where the tumor is in deeper 
tissue and not associated with epithelial surface. However, the most frequent situation of the 
second tumors is when they arise from surface epithelium adjacent to the treated index 
tumor. On morphological grounds these are diagnosed as second primary tumors. The 
increasing use of molecular biological techniques has allowed distinction to be made 
between molecularly distinct second primary tumors and second field tumors derived from 
the same genetically altered field as the index tumor.  

10. Glossary 
Oral cancer: Cancer of the lip, tongue, salivary glands, and other sites in the mouth  
Oral Leukoplakia: A predominantly white lesion of the oral mucosa that cannot be 
characterized as any other definable lesion; some oral leukoplakias will transform into cancer.  
Precancerous lesion: A morphologically altered tissue in which cancer is more likely to 
occur than its apparently normal counter part.  
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Quid: Defined as “a substance or mixture of substances placed in the mouth or chewed and 
remaining in contact with the mucosa, in raw or any manufactured or processed form.” 
Clear delineation on contents of the quid (areca quid, tobacco quid and areca and tobacco 
quid) are recommended as absolute criteria for finer sub divisions to be added if necessary. 
Betel quid: The betel quid refers to any quid wrapped in betel leaf and is therefore a specific 
variety of quid 
Nass – a preparation of local tobacco, ash and cotton or sesame oil 
Naswar – a mixture of powdered tobacco, slaked lime, cardamom oil 
Betel quid – fresh betel leaf, fresh areca nut, slaked lime, catechu and tobacco 
Pan masala - areaca nut, slaked lime, catechu, condiments and tobacco 
Mainpuri – Tobacco, slaked lime, arecanut, camphor and cloves 
Mawa – Areca nut, tobacco and slaked lime 
Khainin – Tobacco and slaked lime 
Gutka - An industrially manufactured tobacco and areca product 
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1. Introduction 
Oral cancer is one of the top ten most common cancers in men. It is estimated that 190,000 
new oral cavity cancer cases were diagnosed in 2008 worldwide with 83,000 deaths (Ferlay 
et al., 2010). In Taiwan, oral cancer has been one of the top 10 causes of death from cancer 
since 1991. According to the annual report from the Department of Health of the Executive 
Yuan, the death toll for oral cancer in males has been increasing at a surprising rate (Liu et 
al., 2006). Although advances in the treatment of oral cancers have been made in the last 
four decades, benefits have not been reflected in mortality figures. Therefore, primary 
prevention such as cessation of tobacco smoking and alcohol consumption along with early 
detection are necessary control procedures to improve the prognosis for oral cancer 
(Ramadas et al., 2003). However, it is crucial to identify relevant risk factors for contracting 
oral cancer before implementation of prevention programs. Here, we review the relevant 
literature and critically appraise the risk factors for contracting oral cancer. 

2. Materials and methods 
Web-based exploration of electronic resources was carried out to screen published literature. 
We searched for relevant articles (published up to May 2011) in the Medline/PubMed 
database. These searches included the use of free text and index terms, such as “risk factor”, 
“oral cancer” and “head/neck cancer”, in order to expand the number of potentially 
pertinent studies retrieved. Furthermore, we checked the relevant references cited in the 
retrieved articles for further studies to review. The levels of evidence and grades of 
recommendation of the cited studies are listed in Table 1. The process of article selection is 
summarized in Figure 1. 

3. Risk factors for contracting oral cancer 
All relevant risk factors in the literature are listed in Table 1. Further description of risk 
factors for oral cancer are discussed below. 

3.1 Lifestyle factors 

The etiology of oral cancer involves multiple factors and the most important are life style 
factors, such as cigarette smoking, alcohol consumption and betel quid chewing. 
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Fig. 1. Results of literatures search. The figure illustrates the whole process of searching for 
articles for inclusion in this review. 

3.1.1 Tobacco smoking 

Data from the National Cancer Institute’s Surveillance, Epidemiology, and End Results 
(SEER) program revealed state-specific increases in oral cancer in United States. Further 
analysis indicated such states had comparatively higher percentages of smokers currently, 
as well as historically (Bunnell et al., 2010). It was estimated that a betel quid-chewing 
patient consumes 310,000 pieces of betel quid and a smoking patient consumes 14,000 packs 
of cigarettes before the diagnosis of oral cavity cancer on average. Besides, betel quid 
chewer and cigarette smoker were more prone to be diagnosed with oral cavity cancer at a 
younger age than abstainers (Tsai et al., 2009). Furthermore, heavy smoker were not only 
more likely to be diagnosed at a younger age but also at an advanced stage. Apart from 
active smoking, patients who were exposed to passive smoke were also found to have 
higher odds ratios (1.62 ~ 2.46) for contracting oral cavity and oropharynx cancers in a 
hospital-based case control study (Lee et al., 2009). The odds ratios or relative risks for 
contracting oral cancer among cigarette smoker, alcohol drinkers, or betel quid chewers are 
summarized in Table 2. 

Title and abstract 
screened excluded 
(n=1,525) 

Abstract accepted (n=226) 

Full articles (n=121) 

Abstracts without full 
articles excluded 
(n=105) 

Full articles accepted (n=66) 

Full articles screened 
excluded (n=55) 

Total articles included for reviewing 
(n=72) 

Articles identified in 
references (n=6) 

Initial potential articles (n=1,751) 
Key Words: risk factor, oral 
cancer, head and neck cancer 
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Risk factors Grade of recommendation Level of evidence 
Lifestyle factors   

Cigarette smoking A ~ B 1c ~ 3b 
Alcoholic consumption B 2b ~ 3b 
Betel quid chewing B 2b ~ 3b 

Genetic factors B 2b ~ 3b 
Infectious factors B 3a ~ 3b 
Environmental factors B 2b ~ 3b 
Dietary factors B 2b ~ 3b 
Socio-economic factors B 3a ~ 3b 
Ethnicity and race B 2b ~ 3b 
Others B 2b ~ 3a 

Table 1. Relevant risk factors for contracting oral cancer in the literature 

 

Variable 
Odds ratios or 
Relative risk  

(95% CIa) 
Study design Reference 

Smoking    
Cigarette smoking 8.4 (3.5 ~ 20.4) Case-control Ko et al., 1995 
Current smoker 6.41 (3.32 ~ 12.37) Case-control Castellsagué et al., 2004 
Habitual smoker 4.65 (2.74 ~ 7.89) Cohort Yen et al., 2008 
> 30 pack-years 2.9 (1.8 ~ 4.5) Case-control Smith et al., 2010 
Smoker 1.68 (1.00 ~ 2.81) Case-control Ihsan et al., 2011 
Bidi smoking 2.6 (1.4 ~ 4.9) Cohort Jayalekshmi et al., 2011 
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Table 2. The association of smoking, alcoholic consumption and betel quid chewing and the 
risk of contracting oral cavity cancer  
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Tobacco contains N-nitroso compounds which are well-known carcinogens. In addition, 
cigarette smoke condensate has the capacity to activate nuclear factor kappa-B in squamous 
cell lines. Nuclear factor kappa-B is a transcription factor and has been implicated in the 
regulation of many proinflammatory pathways, which might be one mechanism leading to 
carcinogenesis (Rohrer et al., 2010).  Other tobacco-generated carcinogens include tobacco-
specific nitrosamines (TSNAs, e.g. NNN, NNK, NAT and NAB), and free radicals that can 
inhibit antioxidant enzymes (such as, glutathione-S-transferase, glutathione reductase, 
superoxide dismutase, catalase, and glutathione peroxidase) (Scully, 2011). This specific 
antioxidant enzyme activity loss renders the oral epithelial cells more vulnerable to the 
harmful effects of both thiocyanate ions and hydroxyl free radicals produced by residual 
H2O2 in the presence of salivary redox-active metal ions. It has been demonstrated that 
thiocyanate ions and free radicals may adversely react with DNA, thus paving the way for 
progression of oral cancer (Reznick et al., 2003).  

3.1.2 Alcohol consumption 

Although alcoholic consumption is often cited as a known risk factor of oral cavity cancer 
(Altieri et al., 2004; Scully, 2011; Szymańska et al., 2011), some studies did find alcohol was 
not associated with an elevated risk of oral cavity cancer (Takács et al., 2011; Yen et al., 
2008). One possible explanation for the seeming contradiction may be that different studies 
defined alcohol consumption differently. Also, not all studies collected quantitative data on 
alcoholic consumption. Furthermore, the different alcohol-drinking profiles of various 
regions made the comparisons among studies more complicated. On the other hand, a 
previous case control study found a lower risk of oral cavity cancer in postmenopausal 
women with moderate alcoholic consumption (Takács et al., 2011). The beneficial systemic 
changes, namely the increased insulin sensitivity and elevated estrogen levels may explain 
the protective effects in these latter groups of cases.  

Ethanol may work as a carcinogenic initiator or as a promoter that enhances permeability of 
cells to other environmental carcinogens, such as cigarette smoke. Ethanol is oxidized to 
acetaldehyde mostly through alcohol dehydrogenase and, to a lesser extent, cytochrome 
P450 enzymes in chronic drinkers (Lubin et al., 2009). Acetaldehyde is classified as 
“carcinogenic to humans” (IARC Group 1) by the International Agency for Research on 
Cancer (IARC) (Lachenmeier et al., 2011). Acetaldehyde not only induces DNA-protein 
cross-linking and DNA interstrand cross-linking, but also interferes with DNA repair 
mechanism by inhibiting repair enzyme. Apart from alcoholic consumption, acetaldehyde 
may also be produced by oral bacterial flora in patients with poor dentition or poor oral 
hygiene (Homann et al., 2000). A previous study found that short-term salivary 
acetaldehyde increased due to direct exposure to alcoholic beverages (Lachenmeier et al., 
2011). This may suggest a possible mechanism to explain the greater risk for oral cavity 
cancer associated with alcoholic consumption. 

3.1.3 Betel quid chewing 

Betel quid is one of the most commonly used psychoactive substances. It has been estimated 
that there are 600 million betel quid chewers worldwide (Wen et al., 2010). People who chew 
betel quid but do not smoke cigarettes or consume alcohol were reported to have an odds 
ratio of 10.97 (95% confidence interval: 3.22-37.34) for contracting oral cancer (Yen et al., 
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2008). Another case-control study found betel quid chewer had an odds ratio of 6.9 (95% 
confidence interval: 3.1-15.2) for developing oral cancer after adjustment for smoking and 
drinking alcohol (Ko et al., 1995). 

Arecoline, the major alkaloid of areca nut, has been known to induce cytotoxicity and 
genotoxicity in various systems (Lin et al., 2011). It is also mutagenic in both bacteria and 
mammalian cells (Chang et al., 2001). Arecoline was found to inhibit P53, repress DNA 
repair, and trigger DNA damage response in human epithelial cells via an in-vitro study 
(Tsai et al., 2008). Chewing betel quid induces local irritation and trauma in the oral mucosa, 
leading to chronic inflammation, oxidative stress, and cytokine production, and the 
traumatic wound offers easier access to the system for carcinogens contained in betel quid 
(Wen et al., 2010). Betel quid chewing not only causes genomic instability, but also has a 
close relationship with cell-mediated immunity, which could play a role in the malignant 
transformation of oral mucosa (Yen et al., 2008). 

3.1.4 Synergistic effect 

Many studies have found that there is a synergic effect of cigarette smoking, alcoholic 
consumption, and betel quid chewing in carcinogenesis of oral cavity mucosa (Castellsagué 
et al., 2004; Chang et al., 2001; Ko et al., 1995; Szymańska et al., 2011; Wen et al., 2010; Yen et 
al., 2008). Patients who smoked and also consumed alcohol had an odds ratio of 9.03 for 
contracting oral cavity cancers, whereas patients who only smoke or only consumed alcohol 
had odds ratios of 4.65 and 0.95, respectively when compared with abstainers (Yen et al., 
2008). In vitro, the addition of extracellular nicotine worked synergistically on the arecoline-
induced cytotoxicity and this may partially explain why those who chew betel quid and 
smoke cigarette are at great risk of contracting oral cancer (Chang et al., 2001).  

3.2 Genetic factors 

Genetic instability, either spontaneous or mutagen induced, has been regarded as a 
predisposing factor for neoplastic transformation (Patel et al., 2010). Cancer is the result of 
DNA mutations occurring spontaneously and from the action of different mutagens. A 
sequence of genetic changes leads finally to loss of growth control and immortality (Scully, 
2011). Together with these changes are mechanisms that metabolise carcinogens, repair 
DNA damage, control growth, and defend the human body against cancer. The 
development from an ordinary healthy cell to a pre-malignant or a potentially malignant 
cell is called oncogenesis (carcinogenesis). The level of chromatin breaks induced by a 
mutagen challenge may serve as an indicator of an individual’s capacity to repair damaged 
DNA. A previous study showed that mean level of chromosomal aberrations was higher in 
oral cancer patients when compared with that of healthy controls (Patel et al., 2010). A dose 
relationship between lifetime tobacco exposure and chromosomal aberrations was also 
found in aforementioned study. Apart from healthy tissues, genomic imbalances in 
premalignant lesion tissues also had a strong association with malignant transformation 
(Garnis et al., 2009).  

3.2.1 Epidermal growth factor receptor 

The epidermal growth factor receptor (EGFR) is the cell-surface receptor for members of the 
epidermal growth factor family (EGF-family) of extracellular protein ligands. Increased or 
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aberrant expression of the EGFR or its ligands may lead to many processes important for 
tumor growth, including cell proliferation, survival, angiogenesis, invasion, and metastasis 
(Janmaat & Giaccone, 2003). A pervious study investigating EGFR gene in oral premalignant 
lesion specimens found that increased EGFR gene copy number was associated with higher 
risk of oral cancer (Taoudi Benchekroun et al., 2010). Other studies found significant 
increases in EGFR copy number and EGFR immuno-reactivity in oral squamous cell 
carcinoma patients when compared with long-term betel quid chewers, or compared with 
matched adjacent oral mucosa (Chiang et al., 2008). 

3.2.2 P53 

P53 is one of the most important tumor suppressor genes. Tumor suppressor genes work 
normally in cellular growth control by regulating the cell cycle, apoptosis, cell adhesion, and 
DNA repair. Silencing of tumor suppressor genes occurs in carcinogenesis. P53 mutation was 
also found to have an association with tobacco smoking and alcohol drinking. Inactivation of 
P53 by mutations is a critical molecular event in the upper aero-digestive tract carcinogenesis 
(Szymańska et al., 2010). Alteration of P53 expression is related to increased genomic 
instability in oral intraepithelial neoplasia and may accelerate the genetic modifications during 
oral tumorigenesis (Lippman et al., 2005). P53 codon72 polymorphism was found to be 
associated with a higher risk for contracting oral cancer (Kuroda et al., 2007). 

3.2.3 Gene polymorphisms 

Single nucleotide polymorphisms (SNPs) are genes areas that have altered DNA sequences 
which may not induce an aminoacid modification, or misrepresented DNA sequences that 
do not seem to have the potential for any unfavorable consequence in healthy people but 
may be markers for tendency to contract diseases (Scully & Petti, 2010). Certain genetic 
polymorphisms associated with enzymes for alcohol metabolism, such as, alcohol 
dehydrogenase genes and cytochrome P450 genes, are related to a greater risk of contracting 
oral squamous cell carcinoma. Besides, this risk is proportional to the amount of alcohol 
consumption (Marichalar-Mendia et al., 2010). Previous studies found hypoxia inducible 
factor-1 alpha gene polymorphisms C1722T and G1790A were associated with an increased 
risk of contracting oral cancer (Chen et al., 2009; Shieh et al., 2010). SNPs of the vascular 
endothelial growth factor gene were reported to have an association with development of 
oral cancer. The +936 T allele and the -2578 C/A SNP were expressed significantly more 
often in peripheral blood samples from oral squamous cell carcinoma patients when 
compared with those from healthy controls (Kämmerer et al., 2010). In a meta-analysis of 
case-control study, Arg194Trp polymorphism in the X-ray repair cross-complementing 
group 1 gene was significantly associated with oral cancer in an Asian population (Zhou et 
al., 2009). 

3.2.4 Others 

Promoter methylation of human MutL homolog1 (hMLH1) was found in 76% of oral 
squamous cell carcinoma patients but in none of the healthy control samples. The hMLH1 
gene belongs to the human DNA mismatch repair system and is essential in reducing the 
accumulation of mutations and maintaining genomic stability (González-Ramírez et al., 
2011).  
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3.3 Infectious factors 

Infection can be induced by bacteria, fungus, and virus. Periodontal disease has been shown 
to increase the risk of oral cancer. This chronic infection and resultant low-grade systemic 
inflammatory response along with oxidative stress may be one possible pathway of 
carcinogenesis (Gasche et al., 2011). Also, the oral ecological shifts accompanying 
periodontal disease are characterized by proliferation of ketone-producing and nitrate-
reducing microorganisms, which may contribute to increases in carcinogen concentrations 
(Divaris et al., 2010). Furthermore, several oral microorganisms can produce carcinogenic 
acetaldehyde from alcohol (Homann et al., 2000). This may explain why poor oral hygiene is 
associated with oral cancer. A case-control study conducted in Japan found that frequent 
toothbrushing could reduce the risk of upper aerodigestive tract cancer, especially in those 
who are heavy smokers and drinkers (Sato et al., 2011). 

Candida albicans is the yeast most commonly isolated from the oral cavity. Candida may 
invade oral epithelium and may be causally involved in dysplastic change. Nitrosamines 
produced by Candida may activate specific proto-oncogens. Candida can also efficiently 
convert ethanol into carcinogenic acetaldehyde (Scully, 2011). 

Presently, more than 100 types of human papilloma viruses (HPV) have been identified. 
HPV-16 and HPV-18 are the most common virus types identified in oral carcinoma. Two 
meta-analyses found HPV is an independent risk factor for oral and oropharyngeal 
carcinoma (Dayyani et al., 2010; Hobbs et al., 2006). Two proteins of HPV, E6 and E7, are 
thought to be involved in the carcinogenesis of oral cancer. The E6 protein can bind to the 
cellular P53 protein and this leads to the breakdown and reduction in concentration of P53 
in the cancer cell. As a consequence, the damaged cancer cells lose their ability to repair 
DNA and cannot undergo apoptosis. The E7 protein has the ability to bind the cellular RB 
protein, releasing transcription factors, which are then free to transactivate the expression of 
other cellular proteins (Shillitoe, 2009). A previous study has showed a combination of 
herpes simplex virus seropositivity and a history of smoking was associated with a higher 
risk of oral cancer than would be expected from a purely additive effect (Starr et al., 2001), 
However, the nature of the herpes simplex virus genome makes it difficult to generate 
specific probes and the possible sequences that were detected have not been identified 
(Shillitoe, 2009). 

3.4 Environmental factors 

3.4.1 Sunlight 

In Denmark, a population-based case-control study found that individuals who were 
employed in outdoor work for more than 10 years had a 1.67-fold (95% confidence interval 
1.38 ~ 2.03) increased risk of contracting lip cancer (Kenborg et al., 2010). The lower lip 
receives more direct sunlight than the upper lip. Therefore, lip cancer tends to develop in 
lower lip. However, it is interesting to note that the basal cell cancer and cutaneous 
malignant melanoma were less prevalent in outdoor workers in aforementioned study.  

3.4.2 Heavy metals 

Heavy metals are extremely persistent in the environment and can induce unfavorable 
consequences on human body. Heavy metals are incorporated into food crops grown in the 
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soils, and subsequently find their way into the human body following the consumption of 
such contaminated food items. The IARC classifies many heavy metals, such as arsenic (As), 
chromium (Cr), and nickel (Ni), as human carcinogens (Chiang et al., 2010). In an 
observational study conducted in Taiwan, the incidence of oral cancer was geographically 
associated with the concentrations of As and Ni in the patients’ residential areas (Su et al., 
2010). Blood levels of Ni and Cr in oral cancer patients were 1.6 and 1.4 times higher, 
respectively, than those of healthy controls in a case-control study. Individuals with high Ni 
blood level had a 16-fold higher relative risk of contracting oral cancer than those with low 
Ni blood level. Also, people with high Cr blood level had a 7-fold higher relative risk of 
contracting oral cancer than those with low Cr blood level (Yuan et al., 2011). The role of 
heavy metals in the mechanism of development of oral cancer warrants further 
investigation.  

3.5 Dietary factors 

It is interesting to find that caffeinated coffee drinking was inversely related with the risk of 
oral cavity cancer (odds ratio: 0.96, 95% confidence interval: 0.94 ~ 0.98) in a pooled case-
control study (Galeone et al., 2010). In addition, people who had a dietary pattern of animal 
product consumption had a greater risk of developing oral cancer (odds ratio: 1.56, 95% 
confidence interval: 1.13-2.15) (Edefonti et al., 2010). Moreover, women with low folate 
intake had a higher risk of developing oral cancer if they also consumed a high amount of 
alcohol (Shanmugham et al., 2010). On the other hand, a traditional Mediterranean diet was 
found to reduce the risk of upper aerodigestive tract cancers in a case-control study 
conducted in Greece (Samoli et al., 2010). Intake of citrus fruit was also reported to lower the 
risk of developing oral cancer (Foschi et al., 2010). Although some studies showed that the 
Mediterranean-type diet and vegetable rich diet could reduce the risk of oral cancer, the 
evidence is still weak. The effect of individual food components and trace elements on 
carcinogenesis remains unclear (Meurman, 2010). 

3.6 Socio-economic factors 

There was a significant increase in the incidence of head and neck cancer including oral 
cancer in people with low level of education (odds ratios: 1.85 ~ 5.3) and lower income 
patients (odds ratios: 1.7 ~ 2.41) (Boing et al., 2011; Conway et al., 2008; Johnson et al., 2010; 
Madani et al., 2010; Swaminathan et al., 2009). Although there was a strong association 
between smoking/alcohol consumption and socioeconomic status, individuals with lower 
education level, lower income, lower occupational status/social class, and those performing 
manual labor still had a higher risk of contracting head and neck cancer including oral 
cancer after adjusting for smoking and alcohol consumption (Boing et al., 2011; Conway et 
al., 2008). Possible explanations includes, limited access to health care and health 
information, exposure to harmful physical environments and agents, and stresses caused by 
job insecurity or unemployment, and so on (Conway et al., 2008).  

3.7 Ethnicity and race 

The incidence rates of oral cancer vary considerably across racial/ethnic groups worldwide 
(Warnakulasuriya, 2009a). South Asians have higher incidence rates of oral cancer than 
people from most other countries. Black males in the United States have higher rates of 
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oropharyngeal cancer than white males (Warnakulasuriya, 2009b). However, such results 
could be confounded by nutritional difference, smoking pattern, differences in the amounts 
of cigarettes smoked or alcohol consumed, and interaction among smoking, alcohol 
consumption, and betel quid chewing. 

3.8 Others 

A previous study about the development of secondary solid tumors after allogeneic 
hematopoietic bone marrow transplant in Japan found that the risk for developing oral 
cavity cancer among those who had received such a transplant was 35.25-fold (95% 
confidence interval: 17.59 ~ 63.06) higher than that of the age- and sex-adjusted general 
population (Yokota et al., 2011). Body mass index gain was inversely associated with upper 
aero-digestive tract cancers including oral cancer in a large scale, prospective, multi-center 
study in European countries. It was speculated that this phenomenon might be due to other 
confounding factors, including interactions of body fat distribution with smoking and/or 
drinking, biological mechanisms, indication of early tumor development or other related 
carcinogenic mechanisms (Lubin et al., 2010; Park et al., 2011). A retrospective study found a 
significant association between chronic trauma of oral mucosa and oral cancer after 
adjusting for confounding factors, such as smoking and alcohol consumption (Piemonte et 
al., 2010). Sexual behaviors, such as more frequent sexual partners and oral sex were also 
reported to be associated with increased risk of oral cancer (Heck et al., 2010). However, 
such results may be confounded by HPV infection status. 

3.9 Controversial risk factors 

Although some studies found that heredity/familial risk, marijuana (cannabis) smoking, 
khat (qat) chewing, nicotine replacement therapy, human immunodeficiency virus infection, 
and alcohol in mouthwashes were linked with higher risk of developing oral cancer, these 
results are controversial and further investigation is still needed to elucidate the relationship 
between aforementioned factors and oral cancer (Warnakulasuriya, 2009b). 

4. Prevention of oral cancer 
A majority of people are at greater risks of developing oral cancer as a result of exposure to 
tobacco and/or alcohol or betel quid. It is estimated that a billion men and 250 million 
women smoke cigarettes, 2 billion people consume alcohol, and 600-1,200 million people 
chew betel quid worldwide (Scully, 2011). Therefore, oral cancer is largely preventable by 
lifestyle modification. A previous study found at least three-quarters of oral cancers could 
be avoided by the elimination of unsafe lifestyles such as cigarette smoking and alcoholic 
consumption. Smoking cessation contributes to decreased risk of oral cancers, with 35% 
decrease in risk within 1-4 years and 80% decrease of risk by 20 years, reaching the level of 
those who have never smoked lifelong non-smokers (Marron et al., 2010). 

The most frequently used screening method for oral cancer is visual and physical 
examination of oral mucosa. Many studies have demonstrated that such screening programs 
could detect potentially malignant and malignant lesions at very early stages. However, 
there is still not enough concrete evidence to conclude if screening alters disease-specific 
mortality in asymptomatic person seeking dental care (Rethman, et al., 2010).  
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Although the use of non-steroid anti-inflammatory drugs (NSAID) has been associated with 
a reduced risk of developing several types of cancer, no definite conclusion or consensus has 
been reached on the effect of NSAIDs on head and neck cancer risk. Further large-scale 
studies are mandatory to elucidate possible relationships between NSAIDs and head and 
neck cancer (Wilson et al., 2011). 

5. Conclusion 
Recognition of relevant risk factors for oral cancer can help physician to identify those 
patients at greater risk of developing oral cancer. Besides, it can help health authorities to 
implement effective programs to prevent oral cancer. Furthermore, it is important to 
educate the public about the relevant risk factors of contracting oral cancer so that those 
with unhealthy habits can modify their lifestyles.   
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1. Introduction 
Cancer of the oral cavity, also known as “oral cavity cancer” or more simply “oral cancer”, 
affects the tongue, gingiva, floor of mouth, palate, tonsils and oropharynx.1, 2 However, the 
most common form of oral cancer, oral squamous cell carcinoma (OSCC), can affect any 
tissue lined with oral mucosal epithelium.2, 3 Oral cancer is one of the most common 
malignancies  in the world, ranking eighth and thirteenth for males and females 
respectively.1 Typically, patients with this cancer are over 40 years of age, although younger 
patients with regular exposure to risk factors associated with oral cancer can also present 
with potentially malignant and malignant oral mucosal lesions.1, 3 Known aetiological risk 
factors include tobacco, betel quid, alcohol, and micronutrient deficiency.1, 3, 4 Avoidance of 
these will reduce the probability of normal cells transforming to malignant cells.4 In some 
cases though – namely, oral cancer in women under 45 years of age, tobacco use and alcohol 
consumption do not appear to play a role.1 Instead, recent studies have suggested human 
papillomavirus (HPV) as a possible causative factor in cancers of the base of tongue, tonsils 
and oropharynx.1, 2, 4  

Early detection of potentially malignant oral lesions (PMOLs) is important for improving 
the probability of complete recovery, since the stage of malignancy at the time of diagnosis 
influences morbidity and mortality.1, 3, 5, 6 In most countries, the five-year survival rate is 
about 50% but can be as low as 15% if the cancer has spread to the lymphatic circulation.1, 6 
Unfortunately, more than 60% of patients present with stage III and IV oral cancer.5 It is 
therefore important for all clinicians to recognize potentially malignant changes in oral 
mucosa and early-stage oral cancer in a visual and tactile examination, even though PMOLs 
may not become malignant.1 In fact, only a small percentage of dysplastic lesions, and even 
fewer non-dysplastic lesions, undergo malignant transformation.1, 3 PMOLs can be 
asymptomatic patches of white, red or speckled red-white,1-3 with sharp or distinct borders 
and surface irregularity.2 When these patches cannot clinically be characterised as any other 
condition, they are termed leukoplakia, erythroplakia and erythro-leukoplakia (speckled 
erythroplakia) respectively.1 The most common PMOL is leukoplakia, although 
erythroplakia and erythro-leukoplakia have a higher likelihood of becoming malignant.1-3 If 
undetected, they may turn into invasive cancer by growing or enlarging, causing tissue 
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destruction, induration, and fixation to deeper structures.2, 3 Pain, dysesthesia, paraesthesia, 
loss of function, dysphagia, dysarthria, odynophagia, tooth mobility and cervical 
lymphadenopathy may also be present in invasive oral cancer.2, 3 Hence, it is clearly 
important to detect potentially malignant oral mucosal lesions early. 

Although many new technologies exist for helping clinicians detect lesions at an earlier stage, 
delay in detection still occurs, and this can be both patient and practitioner mediated, with 
patient delay contributing to the greatest proportion of total delay time. By targeting this 
delay, there is potential to detect lesions at an earlier stage, thus improving survival rates.  

Screening programs serve to detect disease and allow for early intervention. In the case of oral 
cancer, early recognition and subsequent treatment of potentially malignant and malignant 
lesions is the key to improving 5 year survival rates.7 Despite the fact that early detection and 
treatment increase survival rates and decrease morbidity, over the past few decades the 5-year 
survival rate has not significantly improved.8 Despite the oral cavity being accessible to visual 
inspection, most cancers are diagnosed at a late stage of disease which can negatively impact 
prognosis.9-12 Not only is survival compromised, but there is greater possibility for 
disfigurement and functional disturbances that can adversely affect the patient’s quality of life 
post treatment.13, 14 Diagnosis of oral cancer at an early asymptomatic stage is rare, with most 
patients seeking help only after the onset of symptoms.9 

Delay in detection can be attributed to both the patient and practitioner and the key to 
improving survival rates is reduction of this delay. Patient delay is defined as the time 
between the patient’s recognition of symptoms and their first consultation with a healthcare 
provider.8 It is commonly recognized that patient delay constitutes the largest proportion of 
total delay time, although the amount varies between studies.8, 10, 12, 15-20 Reasons for patient 
delay have been hypothesized and explored, however findings have been inconsistent. This 
may be in part due to differences in the population under study, study design or recall bias. 
Professional delay has been described as the time between a patient’s initial consultation 
with a healthcare worker to the time of definitive diagnosis.8 It has been proposed that only 
about 1 in every 63,000 patient visits will yield a positive tumour screen. This inherent rarity 
of detection may place the practitioner at a decreased vigil.21 Although we rely partially on 
the patient to notice and present with symptoms, there is a professional and legal 
expectation on the dental practitioner to be able to identify a lesion and appropriately 
refer.21 It is expected of general dental practitioners that upon patient presentation, oral 
cancer screening will occur.22, 23 

Current literature has attempted to identify reasons for delay, however these appear to be 
diverse and dependent on the context of the study. Patient socioeconomic factors such as 
age or gender are usually not found to relate to duration of delay; neither are lesion factors 
such as size or location. Self medication has often been associated with longer delay. So 
while the knowledge base of this area of research is growing, more work is clearly needed. 
Further qualitative studies are required to explore factors which influence both patient and 
practitioner behaviors surrounding oral cancer detection and diagnosis. Qualitative 
methods are capable of eliciting contextually rich information to provide greater insights 
into factors associated with delay. Screening for oral lesions is not occurring consistently, 
with practitioners often citing a lack of time, financial incentives or training as barriers. 
Dental and medical practitioners are often unaware of where their duty lies in terms of 
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screening for oral cancer, however both disciplines express the need for education on both 
oral cancer detection and referral pathways. Further research is required in this field to 
inform effective interventions. 

2. Screening 
Oral cancer screening is ‘the process by which a practitioner evaluates an asymptomatic 
patient to determine if he or she is likely or unlikely to have a potentially-malignant or 
malignant lesion’.2 This definition implies more than a visual and tactile examination of the 
oral mucosa and includes assessment of the patient’s risk profile - at a minimum a 
consideration of their age, tobacco and alcohol use. The aim of screening is to enhance the 
early detection of oral cancer and pre-cancer, and thereby enhance patient survival and 
outcomes. Due to the relatively low prevalence of oral cancer, population based screening is 
not currently justified.24 Opportunistic screening (conducting an oral mucosal examination 
when the patient presents for periodic examination or other treatment), or targeting of 
groups known to be at higher risk for oral cancer is likely to be more cost-effective.25 The 
profile of a high risk individual is that of an older male with a heavy use of tobacco and 
alcohol, poor diet and of low socioeconomic status.9, 26 Emerging knowledge of the role of 
human papillomavirus (HPV) in the pathogenesis of oral cancer however is challenging the 
relevance of this profile. HPV positive oral cancer is associated with younger age and does 
not appear to be linked with gender, alcohol or tobacco use.27, 28 

While the purpose of screening is to detect oral lesions, it also provides an excellent 
opportunity for the practitioner to engage the patient in a discussion about oral cancer. This 
serves to raise patient awareness about oral cancer generally, its risk factors and the 
importance of the screening examination that has just been performed. Patients may also 
examine themselves for early signs of oral cancer, however evidence for the usefulness of 
this approach is currently limited.29, 30 The effectiveness of any screening program will be 
influenced by a number of factors. These factors include those relating to the patient, the 
practitioner, the availability and demonstrated efficacy of diagnostic aids, and those factors 
relating to the health system. These will be discussed in detail in the following sections. 

3. Patient factors 
Patient delay is defined as the time it takes for patients to seek help following self discovery 
of symptoms.8 This term is widely accepted however it should be interpreted cautiously so 
as not to infer blame on the part of the patient. The mean patient delay varies between 
studies, with anywhere from 11 weeks to 6 months cited.12, 17 Mean patient delay can be 
affected by large outliers in studies and for this reason it is useful to also include median 
delay, however not all studies report both.31 Some studies collect data on a categorical basis, 
reporting the percentage of patients that present within a given time frame. It is difficult to 
define what excessive patient delay is, however a reduction in mean and median values 
would improve survival rates. 

3.1 Public awareness of oral cancer 

The public know little about the clinical presentation of oral cancer, although most are 
aware it is usually detected in late stages of disease.32 Most people are able to identify 
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tobacco and previous experience of oral cancer as risk factors, but less people are aware of 
other risk factors such as alcohol, older age and poor diet.32 Flyers and brochures in dental 
clinics may increase awareness of oral cancer. They may not only prompt patients to request 
a mucosal screening, but also motivate them to be more aware of self screening 
opportunities.33 Leaflets have been shown to render patients more open to mucosal 
screening, with educational self screening pamphlets also resulting in high compliance.33, 34 
Not all practices however will promote awareness of oral cancer, as they believe it will 
create patient anxiety.6, 35 This worry was unfounded in a study of dental professionals who 
attempted to integrate screening into their practices, finding patients had a positive 
disposition towards screening for oral cancer.35 Although most patients were aware of oral 
cancer, some reported being totally unaware of the potential for it to occur.16 Most patients 
who were aware of oral cancer had minimal knowledge.16 Lack of awareness and 
knowledge of oral cancer has been reported to increase patient delay, thus making 
information available to patients may be a vital part in improving survival rates.21 Although 
surgeries can make pamphlets available in the waiting room, it has been shown in 
numerous studies that those patients most at risk of developing oral cancer do not regularly 
attend a dentist.21, 36-38 Television has the potential to reach a wider audience and educate 
about the importance of self screening and prompt presentation to a practitioner. Following 
an oral cancer campaign in Scotland, two thirds of those surveyed remembered hearing 
about oral cancer six months prior.39 The majority of those patients saw it on television.39 
Around half of the patients felt encouraged to seek help because of the campaign.39 In 
another study, several patients diagnosed with oral cancer remember having seen a 
television commercial, with two patients presenting to a health care professional as a result 
of these commercials.16 Although television has the potential to reach a wide audience, oral 
cancer has a relatively low prevalence. For this reason it has been suggested a more cost 
effective mechanism is to target those most at risk of the condition.40 

3.2 Self medication contributing to delay 

Scott et al. performed a systematic literature review of articles published between 1975 and 
2005 to identify known factors associated with patient delay.20 The majority of factors 
investigated in studies reviewed were not shown to be related to the duration of patient 
delay. This may be because studies regarding patient delay are few in number and not all 
are considered rigorous in terms of study design.20 In Thailand, it was reported that patients 
who had used traditional herbal medicine had a longer duration of delay.20, 41 Self 
medication being associated with longer duration of patient delay has since been 
demonstrated in other studies. Patients may attempt to treat symptoms with over the 
counter products, with some seeking advice from pharmacists who commonly advise gels, 
creams or mouthrinses.16, 42 These patients then wait to see whether their oral condition 
resolves following self medication, increasing duration of delay.18 This highlights the 
importance of the pharmacist’s awareness of oral cancer as they may be an initial point of 
call for a patient developing oral symptoms.37, 42 One study showed that after pharmacies 
were given an educational package on oral cancer, more staff advised a mystery shopper 
querying a 4 week old non healing ulcer to present to a healthcare practitioner.43 Although 
the shopper could be advised to visit either their doctor or dentist, most staff advised the 
shopper to visit a doctor.43 Following the intervention only 45% of staff advised help seeking 
behavior, however this was higher than prior to the intervention.43 A limitation of this study 
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was that only one staff member was approached at each pharmacy, and this may not have 
been representative of the overall impact of the educational material provided. Not only are 
patients self medicating symptoms before diagnosis, one study has demonstrated that 
patients often trial alternative therapies before undergoing conventional cancer treatment.44  

3.3 Socio demographic factors contributing to delay 

Studies consistently report no correlation between age and delay, however, whether other 
factors such as gender, financial status, location or size of lesion play a role in patient delay has 
not yet been substantiated, with studies often generating conflicting results.8, 15-17, 41, 45-50 Gender 
is not usually demonstrated to influence duration of delay8, 15-17, 41, 47-49, 51. Only one study 
contradicted this, with women taking longer to present to a practitioner following self 
discovery of symptoms.12 However in this study there was a male/female ratio of 5.4/1, with 
only a small number of females.12 Two studies noted unmarried patients exhibit longer delay, 
both suggesting this is because married patients have more support.17, 52 As other studies did 
not show marital status influenced delay, the differences may be a result of cultural factors. 
Two studies found longer delay in non smokers.17, 45 Patients who do not smoke may feel that 
since they are at lesser risk of developing oral cancer, their lesion is not of concern.17 This being 
said, patients who smoke and drink alcohol are more likely to present with concurrent illness 
and they often have poorer prognosis partly due to increased delay.53 Heavy drinkers have 
been shown to display an increased duration of delay, and in the same study only light 
smokers demonstrated excessive delay.54 Difficulty obtaining access to a practitioner is often 
shown to influence delay.19, 55 A study comparing the waiting time for patients to see a dentist 
established that those with potentially malignant lesions (ulceration) were seen much faster 
than those requesting prosthetic treatment, showing dental surgeries will prioritise cases.56 
Eleven percent of appointments in this study were made because of symptoms similar to oral 
cancer. Unfortunately however a comparison of waiting times for other symptoms such as 
prolonged pain or numbness was not incorporated.57 Patients afflicted with oral cancer are 
often of low socioeconomic background and financial barriers may play an important role in 
patient delay.55 Practitioners agreed that patients of low socioeconomic background exhibited 
greater delay.58 This is exemplified by the high patient delay experienced in the USA 
compared to Canada.10 The USA has a healthcare system whereby individuals pay for their 
own health expenses, whereas in Canada some healthcare is provided by the government. One 
study did however report that most individuals in the USA diagnosed with oral cancer had 
health insurance coverage, and those that had no coverage did not exhibit excessive delay.46 A 
study performed in the UK reported that an oral cancer patient waited to see a free NHS 
dentist rather than be seen immediately by a private dentist, for which a fee would be charged. 
8 Only three out of 44 patients interviewed in England identified costs of a dental check up to 
be a large barrier.42 Financial barriers are dependent on the health care system utilised in the 
country where the research is performed, further complicating study comparisons.  

3.4 Lesion factors contributing to delay 

Most studies have found tumour factors such as site, symptoms, size and stage did not have 
an association with duration of delay.8, 18, 41, 47 One study indicated that patients with oral 
cancer located in more commonly found sites such as the tongue, floor of mouth and 
retromolar pads presented faster than those with cancer located in uncommon sites such as 
on the hard palate and gingivae.12 However the small number of individuals with cancer in 
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uncommon sites in this study means that the results should be interpreted with caution.12 
Another study also showed that lesion site was associated with delay, but again a small 
sample size of uncommon cancer sites meant they were also unable to draw strong 
conclusions.15 Those with cancer in more visible sites such as the lip or tongue have been 
shown to be diagnosed at earlier stages than others.49 A lesion’s maximal diameter was 
shown to be inversely proportional to delay by one study.15 The patient’s interpretation of 
symptoms has commonly been shown to influence duration of delay. The most common 
oral symptoms noticed by a patient are a non healing ulcer or sore, persistent lumps or 
swellings, sore tongue or mouth and sore throat, abscess or boil.42, 49 Patients sometimes 
attribute these symptoms to an infection, dental problem or problem with a prosthesis.51 
Those that believe their lesion to be innocuous will often wait longer to be seen by a health 
care practitioner.8, 18, 42, 51, 59 Some patients are aware there is a chance their symptoms are 
cancerous, but do not believe they are.59 This highlights the need for both awareness of oral 
cancer presentation and the understanding that anyone may be afflicted. One study 
revealed patients also require guidance on how to interpret oral symptoms.40 Of patients 
diagnosed with oral cancer, most can retrospectively pinpoint symptoms attributable to 
cancer and the majority of patients diagnosed with oral cancer report presenting as a result 
of their symptoms.16, 46 This being said, symptom recognition is not a reliable method of 
detecting tumours at an early stage since about 25% of oral cancers remain silent until they 
reach an advanced size.21 Although tumours may not necessarily be detected at an early 
stage, attribution of symptoms to cancer can at least lead to earlier detection. 

3.5 Barriers and triggers to help seeking 

Understanding the barriers and triggers to help seeking is crucial to institute effective 
mechanisms to decrease patient delay. Patient delay should not be influenced by whether 
the patient actually has a malignant lesion, since both benign and malignant lesions can 
exhibit similar symptoms. Despite this, most studies only include patients with a diagnosis 
of oral cancer. A more recent study took this into account and included patients who had 
potentially malignant lesions.19 As was the case with patients diagnosed with oral cancer, 
patients delayed seeking help as they believed their symptoms were minor and some 
attempted self care prior to seeking help.19 One study hypothesized that patients who had 
previously experienced benign lesions may have longer delay time, since they are less 
inclined to believe their condition needs attention.15 Some patients had a negative attitude 
towards dental practitioners due to a previous negative experience or apprehension, with 
others not wanting to waste practitioners’ time.19, 51 Only about half of the patients 
interviewed in the USA had a regular dentist.46 Often patients were found to have 
competing responsibilities or priorities such as work commitments or comorbidities.19 Most 
previous studies have only looked at the barriers to help seeking. In order to institute 
effective public awareness however, triggers should also be identified. One study which 
queried patients about the triggers, found patients presented following either a change in 
symptoms, if they had another reason to visit a practitioner, had a fear of worsening 
symptoms, excessive worry, dislike of symptoms or were advised by significant others.19 
Attribution of symptoms to something sinister will not always inspire help seeking 
behaviour, with a fear of diagnosis sometimes leading to delay.55 Another study also 
investigated triggers to presentation, finding the dominant triggers to be anxiety and worry, 
need to resolve uncertainty, avoidance of problems getting worse and being advised by 
others to seek help.42 Being advised by others to seek help has been shown to trigger help 
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seeking behavior in subsequent studies, as well as receipt of new information from sources 
such as media or medical literature.59 Development of a neck mass usually inspires a patient 
to visit a healthcare practitioner, however by this stage it is well advanced.51 Most studies 
are conducted retrospectively, meaning they are subject to significant recall bias. Gao et al. 
instituted a system whereby family members were requested to confirm descriptions in 
order to decrease recall bias.15 It was however found by Rogers et al. that the majority of 
patients will wait up to a month before telling anyone about their symptoms.42 It is not 
apparent whether family members will be subject to the same recall bias, or simply tend to 
agree with the patient. 

4. Practitioner factors 
As with patient delay, a wide variance of mean and median professional delay time has 
been cited. This can be attributed to differing definitions of delay, recall bias or incomplete 
records. Although professional delay does not tend to contribute greatly to total delay, it is 
arguably the easiest part of delay to target. Professional delay has been proposed to occur as 
a result of lack of rigour in screening, lack of confidence in detection, low prevalence rates, 
inadequate knowledge and lack of incentives for screening. 

4.1 Mucosal examination 

A dentist’s attitude to screening is an important factor in detecting early malignancy, as 
unless patients present with a complaint there is complete reliance on the dentist to identify 
mucosal lesions.60, 61 It has been shown that patients who develop an oral cancer and who 
regularly attend a dentist are more likely to have their cancer diagnosed in its early stages.46 
Often, asymptomatic lesions are discovered incidentally during dental examination.47, 62, 63 
However, even following a routine dental examination malignant lesions are sometimes 
missed. This was demonstrated in a study where oral and maxillofacial surgeons detected 
oral cancer in patients referred for extraction of teeth.47 The majority of dentists claim to 
perform mucosal screening for every patient, and in some cases they target screening to 
individuals over the age of 40.14, 64 Of dentists working in nursing homes in Ohio, 83% 
reported performing mucosal exams for each patient, although only half actually identified 
increasing age as a risk factor for oral cancer.65 Screening practices are found to be 
inconsistent between studies; only a third of dentists in Germany reported performing 
routine oral cancer examinations.66 In the same study, only 66% of dentists questioned felt 
adequately trained to examine patients for oral cancer, despite the majority agreeing that 
dentists are qualified to perform these examinations.66 In this study, questionnaires were 
sent out with a dental association journal and there was a response rate of only 14%, 
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only encounters about 2 tumour cases during a lifetime.21, 61 Clinicians should however be 
performing mucosal examinations not only to pick up cancer, but also other lesions, 
including potentially malignant lesions. What motivates a clinician to undertake a mucosal 
exam is yet to be determined, however if practitioners are only undertaking a mucosal exam 
to detect oral cancer the low prevalence rates may indeed play a role. 

4.2 Risk assessment 

Alcohol and smoking are prominent risk factors for of oral cancer.7 Some practitioners will 
take this into account and perform a more thorough mucosal exam for smokers while others 
do not consider this a factor influencing their screening behaviour.61, 68 One study 
demonstrated that dentists will often take into account risk factors when deciding whether to 
refer.22 Dentists are in a position to provide smoking cessation advice. It has been shown 
however that some dentists don’t believe there is any benefit providing this advice due to lack 
of financial incentives, a belief that people do not want the advice or the belief that patients do 
not want to quit.6, 37, 69 The belief that patients don’t want smoking cessation advice has been 
contradicted since, with about half the dental patients surveyed suggesting they would try to 
quit if advice was offered.69 Almost two thirds of dentists questioned in Germany agreed 
dentists should be trained to provide smoking cessation, but only about a quarter felt they 
were able to provide advice.66 Although a number of dentists claimed to provide smoking 
cessation advice, only a small number follow up with the patient and help them to quit.64 The 
number of dentists requesting information about and providing advice on a patient’s drinking 
habits has consistently been even lower.37, 64, 66 This may be a result of less awareness of the 
role of alcohol in oral cancer.37 About two thirds of dentists surveyed in Germany believed 
dentists should be trained to provide smoking cessation advice, and more than 50% felt 
training in alcohol cessation was important.66 It has been suggested that compulsory 
continuing education should be implemented to educate practitioners about the effects of 
tobacco and alcohol on the oral mucosa and how to provide cessation advice.64 Although 
practitioners may be aware of the risk that alcohol and smoking pose to the patient, there is 
still a lack of readiness to provide support to patients in modifying their risk behaviors. 
Patients diagnosed with oral cancer don’t always link their smoking habits as a causative 
factor, highlighting the importance of public awareness of risk factors.16 Targeting high risk 
groups for screening has been proposed as a feasible screening plan.21 Practitioners involved 
could be trained to assist patients with reducing their risk from lifestyle factors such as tobacco 
and alcohol. They would therefore not only detect lesions earlier but also work with their 
patients to help them reduce their risk. Diagnostic delay has been associated with increased co-
morbidities, which is concerning as over 25% of head and neck cancer patients also have 
illness in more than one body part.53 These co-morbidities are often tobacco associated.53 

4.3 Practitioner knowledge of oral cancer 

It has been shown in some studies that practitioners lacked confidence in detecting cancer; 
however this has been contradicted in other studies.14, 61 Dentists are often looking for cancer 
as opposed to potentially malignant lesions. Changing this philosophy is important in 
ensuring lesions are identified at an early stage where treatment is less radical.61 Dentists 
should be able to determine whether a lesion has malignant potential or is already 
malignant, with non homogenous lesions being referred straight away.7 Non homogenous 
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leukoplakia is often shown to have a marked increase in malignant change when compared 
with homogeneous leukoplakia.7, 70 Erythroplakia exhibits higher malignant potential, with 
about half these lesions showing invasive carcinoma.7 Alarmingly, health care providers 
surveyed in Scotland were more concerned about leukoplakia than erythroplakia.37 This 
study included general medical practitioners as well as general dental practitioners with no 
distinction between groups in terms of oral cancer knowledge. Another study suggested 
that dentists do give due concern to erythroplakia.61 A study comparing oral cancer 
knowledge between doctors and dentists found that dentists could identify more risk factors 
and oral changes associated with oral cancer.68 It was shown that dentists are more 
confident in detecting oral cancer than doctors, despite most patients presenting to their 
doctor regarding oral lesions.11, 21, 37, 42, 47 Patients may present to a doctor rather than a 
dentist because they do not view their oral lesion as a problem with their dentition or 
dentures, thus there is a need for the public to be made aware that it is appropriate to go to 
their dentist if they become aware of a mucosal lesion.47 Doctors perceive lack of training 
and time to be barriers to oral cancer screening, similar to the dentist’s disposition.37 Doctors 
could be advised that if there is an oral condition they are unsure of, patients can be advised 
to seek the opinion of a dentist. It could be argued that this referral could contribute to 
delay, however Macpherson et al. found most doctors will refer if a lesion persists for 4-5 
weeks compared to most dentists who wait only the recommended 2 weeks.37 Although 
Jovanovic et al. found no significant difference in delay between doctors and dentists, their 
study analysed the records of 41 patients whereas Macpherson et al. sent questionnaires to 
357 doctors and 331 dentists.37, 47 Using questionnaires to record behavior introduces bias in 
itself, making interpretation difficult. 

4.4 Need for continuing education 

When practitioners are interviewed, they often exhibit the belief that there should be 
compulsory continuing education courses in oral cancer.35, 58 Participants in one study wanted 
to know more about referral pathways, biopsy procedure and guidelines for screening.35 
Courses have been shown to be effective in promoting screening methods, with practitioners 
reporting better screening habits following attendance.35, 58 A lack of confidence in detection 
has been made apparent as some dentists did not feel that they should deal with diseases such 
as cancer as they are “not medical doctors”.35 This lack of confidence also extends to doctors, 
as both doctors and dentists felt that they had inadequate training and were not confident in 
detecting oral lesions.37 If that is the case, further compulsory continuing education courses on 
oral cancer could help to shift this belief and make practitioners more aware of their 
responsibility. Practitioners who have undertaken more recent continuing education courses 
in oral cancer have had greater knowledge in the area.14 Despite the benefit of such courses, 
about one third of dentists from a Western US multistate dental practice group reported 
having never attended a continuing education course on oral cancer.14 An association has been 
demonstrated between knowledge of risk factors and diagnosis, and number of lesions 
referred or biopsied by a practitioner.71 

4.5 Referral and patient mediated professional delay 

Some studies have found dentists will wait 2 weeks to review a lesion prior to referral. This 
is recommended since oral cancer can mimic traumatic lesions which resolve in 2 weeks.6, 37, 
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50 A difficulty in implementing the two week rule is that patients may delay in presentation 
for the second appointment, for reasons similar to initial delay.72 In some cases, patients can 
also delay in effecting a referral.58, 72 For this reason practitioners should convey urgency to 
the patient if a suspicious lesion is referred.50 Not only should practitioners convey urgency 
to the patient, but also to the specialist, since mentioning malignancy or possibility of a 
tumour in the referral letter, or accompanying a referral letter with a phone call can 
categorise a referral as urgent.50 Specialists will prioritise a patient if malignancy is 
suspected. Dentists have been shown to display difficulty in conveying their suspicions in 
referral letters, especially when compared to their medical counterparts.73 Practitioners 
should also follow up referred patients to ensure they are utilising their referral, effectively 
decreasing this proportion of professional delay.72 Patient anxiety has been shown to modify 
the decision to refer.6, 61 Although it is important to allay the concerns of an anxious patient, 
a suspicious lesion should be referred regardless of whether the patient is concerned. Cues 
for frank malignancy are more likely to prompt a referral when compared with 
premalignancy and it has been demonstrated in numerous studies that if a practitioner is in 
doubt, they will refer. 22, 61 Again, greater emphasis needs to be placed on the detection of 
potentially malignant and premalignant lesions if a decrease in delay is sought. 

Not only does referral involve the practitioner identifying and referring a patient for 
examination, there is a distinct need to communicate to the patient why they are being 
referred. A part of professional delay that is difficult to control for in studies is patient 
mediated professional delay, that is when patients do not attend a specialist appointment for a 
prolonged period of time following referral.10 The need for a patient to promptly attend a 
specialist appointment should be communicated to the patient without causing undue 
distress. Rogers et al. found 1 in 6 patients were not satisfied with advice received upon their 
first medical consultation, however whether patients were dissatisfied with either advice given 
from a doctor or dentist was not represented and the reasons they weren’t happy was also not 
explored.42 The practitioner should be able gauge the patient’s emotional and social well being 
and deliver medical information that the patient is able to comprehend.36 Upon issuing a 
referral, practitioners will often tell the patient they have seen something suspicious and 
would like a second opinion.6 Dentists worry about using language to avoid anxiety, tending 
to refrain from using words associated with malignancy and some believe this helps calm the 
patient.6 Following questioning from the patient regarding possibility of oral cancer, dentists 
tend to say they do not think the lesion is malignant.6 Although this may help decrease patient 
anxiety, there is also a need to ensure that the patient also sees the issue of obtaining a 
definitive diagnosis as urgent. Both medical and dental practitioners believe more training in 
detection and referral pathways are necessary.37 

4.6 Delays between diagnosis and treatment 

Once a diagnosis of oral cancer has been made, delay can occur in obtaining treatment for 
these patients. Not only does this delay cause stress to the patient, tumour size may increase 
during this time period.74 Alarmingly, a study in Denmark showed the amount of delay 
increased from 1992 to 2002. This was attributed to a shortage of radiotherapy capacity.75 
They also observed that more imaging procedures were carried out, but could not prove a 
cause and effect relationship.75 In one study factors such as ethnicity, primary site and 
insurance correlated with delay between diagnosis and treatment.76 It has been suggested 
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that longer planning time is needed for complex cases, thus some delay in this instance 
appears warranted.76 

5. Health system factors 
The structure and organisation of a country’s health system is a critically important yet 
poorly recognised factor influencing the early detection of oral cancer and pre-cancer. It can 
contribute to both patient and professional delay. Low socioeconomic status has been 
previously discussed in this chapter as a barrier to accessing health care for the symptoms of 
oral cancer. Financial barriers to health care depend on the funding model of the health 
system. If health care is funded by the government then theoretically this barrier is removed. 
However, real access to public health care also depends on the available resources. 
Inadequately resourced public health care results in waiting lists. This forces patients to seek 
care in the private sector, or to neglect health care. In addition, health systems that ensure 
culturally safe practice enhance access for groups at high risk, Indigenous and recent 
immigrant populations.77 Whether the health system values and supports prevention and 
early detection will influence practitioner behaviour in performing a thorough screen 
including a risk assessment and providing support for patients in modifying their health 
behaviours. If the practitioner is reimbursed for these activities or in the case of the public 
sector, if this contributes to productivity targets, then these behaviours are likely to be 
valued by the patient and occur more frequently.  

Health systems globally are stretched ever further dealing with the challenges of an ageing 
population and the increased burden of complex chronic diseases. Dental health systems are 
often prioritised lower than general health systems and so public funding for oral health 
care may suffer a significant shortfall. Oral cancer, similarly to other oral disease, is almost 
entirely preventable. If it can be detected early, the outcomes are substantially better. 
Putting aside the gains in human health and quality of life, from a purely cost perspective, it 
makes sense to invest in programs which focus on the prevention and early detection of all 
oral diseases, including oral cancer. The health care team paradigm is now well accepted as 
a necessity for providing optimal patient care. In a number of countries, including Australia 
and New Zealand, oral health therapists are tertiary trained practitioners who work in the 
dental team. They have expertise in recognition of oral abnormalities, risk assessment and 
health promotion.78 Novel models of care, in which oral health therapists are used to screen, 
risk assess, provide support for health behaviour modification and refer for treatments 
outside their scope of practice, are currently being trialled. Continuing education programs, 
and the establishment of clear clinical guidelines and criteria for referral79 are agreed to be 
necessary to support primary care clinicians in confidently and effectively performing oral 
cancer screening for their patients. 

6. Diagnostic aids 
The quest for reduction in professional delay of detection, and a desire to improve early 
detection of oral cancer has driven the development of diagnostic aids designed to improve 
visualisation of malignant and potentially malignant oral lesions.  Methods for visualising 
and detecting PMOLs include conventional oral examination (COE), vital tissue staining, 
light based detection systems which rely on tissue reflectance (ViziLite, Microlux/DL), and 
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autofluorescence (VELscope, Identafi). Several key issues are considered when assessing a 
particular diagnostic aid.  These include the effectiveness of the visualisation method in 
detecting oral cancer and precancer; whether or not the method can distinguish 
premalignant or malignant lesions from other benign conditions; and if an accepted “gold 
standard” comparison such as scalpel biopsy and histopathological assessment was used in 
assessing the efficacy of the diagnostic aid.  Where possible, sensitivity, specificity, positive 
predictive value (PPV) and negative predictive value (NPV) are used to determine the 
effectiveness and accuracy of each aid.  Sensitivity is the proportion of people who have the 
disease and test positive, while specificity refers to the proportion of people who do not 
have the disease and test negative.  PPV is the proportion of people with positive test results 
who have the disease, whereas NPV is the proportion of people with negative results and do 
not have the disease. 

6.1 Conventional oral examination 

Conventional oral examination under normal incandescent or halogen light illumination is 
the standard method for screening for oral cancer.5 It typically involves visual inspection of 
the oral cavity and palpation of the lymph nodes for clinical signs of abnormalities such as 
changes in colour, texture, ulceration, persistent swelling and enlarged lymph nodes.1  
Several studies have reported relatively high sensitivity and specificity values for COE.  In a 
prospective study involving two oral cancer screening programs, over 2,300 people 
underwent a thorough oral examination by a dentist.80 An oral medicine specialist then 
examined participants to give a definitive ‘true’ clinical diagnosis, thus providing a “soft” 
gold standard.  The combined sensitivity and specificity of these two screening programs 
was 0.74 and 0.99 respectively,80 which is consistent with sensitivity and specificity values of 
other screening programs.81-83 The results from this study, along with six other prospective 
studies with calculated sensitivity and specificity, were included in a meta-analysis by 
Downer et al.84 These studies reported a range of sensitivity and specificity values, from 0.60 
to 0.97 and 0.74 to 0.99 respectively.  When pooled together, the overall sensitivity for COE 
was 0.848 while the overall specificity was 0.965.84  This indicates that COE has relatively 
few false negatives, and even less false positives.  However, the ability of a clinician to 
screen for potentially malignant and malignant lesions will vary, depending on their 
knowledge and clinical judgement.  Nonetheless, Downer et al.’s heterogeneity analysis of 
the eight studies found that dentists and specifically trained basic health workers can screen 
with similar degrees of accuracy.84 

Despite the relatively high sensitivity and specificity, there is still some controversy about 
the use of COE as clinicians often cannot purely use this method to discriminate progressive 
from non-progressive lesions, and benign from malignant lesions.85 For definitive diagnosis, 
an incisional biopsy with histopathological analysis is required.1, 3  Furthermore, not all 
early lesions are easily seen under a dental operating light.2, 5, 85, 86 In a pilot study by 
Thomson, 26 untreated patients with either a PMOL or unilateral OSCC had a biopsy of 
clinically normal-looking mucosa taken from the corresponding, contralateral anatomical 
site.87 After histological assessment, 6 (23%) samples had reactive changes, 7 (27%) had some 
form of dysplasia (mild, moderate or severe), 1 (0.04%) had carcinoma in situ (CIS) and 1 
(0.04%) had microinvasive squamous cell carcinoma.87 Sites with a high proliferation rate 
such as the ventral tongue and floor of mouth, and were exposed to carcinogens, were also 
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found to be more susceptible to dysplastic changes.87  It is therefore particularly important 
to identify high-risk patients so that an even higher level of suspicion is maintained when 
examining these patients, especially since a randomised controlled trial (RCT) reported a 
significant decrease in mortality in males who used alcohol or tobacco, or both, when they 
were screened for oral cancer.88 However, a recent Cochrane review assessed this RCT and 
cautioned the interpretation of this statement, as the study had several methodological 
problems which may have introduced bias.24 Furthermore, since this study was conducted 
in India where the prevalence of oral cancer is higher, results from this study may not be 
applicable to low-prevalence populations.24 More RCTs are required as there currently is 
insufficient evidence to support oral cancer screening with COE in the general population.  
Nonetheless, it is clear that COE alone is not perfect.  Therefore, the use of an adjunctive 
technique that has high specificity and sensitivity for highlighting PMOLs and OSCC should 
aid a clinician in detecting and diagnosing these lesions at an early stage, and consequently 
improve prognosis.85 

6.2 Vital tissue staining 

Tolonium chloride, more commonly known as toluidine blue (TB), is an acidophilic 
metachromatic dye of the thiazine group that preferentially stains nucleic acids and 
abnormal tissues.5, 89  The increased nuclear density and the loss of intracellular adherence 
in dysplastic and malignant tissues allows TB dye to penetrate through the epithelium and 
be retained in these tissues, thereby staining these areas of abnormality blue.89, 90 Although 
TB has primarily been marketed as an adjunct for detecting potentially malignant and 
malignant oral lesions not identified by COE, it has also been recommended for determining 
the risk of potentially malignant oral lesions progressing to cancer, monitoring suspicious 
lesions, determining the optimal biopsy site, assessing the extent and margins of potentially 
malignant and malignant oral lesions, and for assessing the outcome after treatment for 
dysplasia and cancer in follow-up appointments.90, 91 Until recently, TB was commercially 
available as kits under the trade names ‘OraScan’ (Germiphene), ‘OraScreen’ (Stafford-
Miller Ltd.) and ‘OraTest’ (Zila Pharmaceuticals).  However, TB is now available as part of 
ViziLite Plus under the name, TBlue630 (Zila Tolonium Chloride) Oral Lesion Marking 
System, and may be used at the discretion of the clinician for demarcating any lesion that 
requires further study or biopsy.92  

Whilst there is extensive literature on TB, many only provided background information, 
expert opinion and/or described a technique but did not provide additional data.90 An early 
meta-analysis by Rosenberg et al. of 12 studies conducted between 1964 and 1984 reported 
93.5 to 97.8% sensitivity and 73.3 to 92.9% specificity for the detection of oral cancers.93 A 
later systematic review by Grey et al. of 14 studies conducted between 1970 to 1999, half of 
which were also included in Rosenberg et al.’s paper, reported sensitivity varying from 40 to 
100% and specificity from 31 to 92%.90  Another recent systematic review of adjuncts to oral 
examination assessed 15 studies from 1967 to 2005.94  In this review, sensitivity and 
specificity of TB as a diagnostic adjunct ranged from 38 to 98% (median 85%) and 9 to 93% 
(median 67%) respectively.  PPV varied from 33 to 93% (median 85%) and NPV from 22 to 
92% (median 83%).94 Although there are discrepancies in the sensitivity and specificity 
ranges due to the different inclusion and exclusion criteria of these reviews, the median 
values suggest that TB has high sensitivity but relatively lower specificity.   
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Findings from an observational study of 45 oral mucosal lesions by Allegra et al. are 
consistent with this idea.95  Allegra et al. reported 96.2% sensitivity and 77.2% specificity for 
TB staining, with a PPV of 86.6% and a NPV of 93.3%.  In comparison, sensitivity and 
specificity for clinical examination were 53% and 80% respectively, whereas the PPV was 
84.2% and NPV was 46.1%.  There was a statistically significant difference in both sensitivity 
and NPV between TB and clinical examination.  Therefore, TB was better at identifying 
suspected lesions than COE, and had a very low probability of a positive histological result 
coming from a negatively stained lesion.95  These results are consistent with previous 
studies.96, 97 In contrast, a recently published paper of case series by Cancela-Rodriguez et al. 
reported higher specificity than sensitivity.89 Whilst the sensitivity of 65.5% was lower than 
previous reports, the specificity of 73.3% was consistent with other studies.  The PPV of 
35.2% was also lower, which the authors attributed to the lower prevalence of dysplastic 
and malignant lesions in their study when compared with others, whereas the NPV of 90.6% 
was again consistent with other papers.89 

On the whole, the relatively lower specificity values were a result of relatively high numbers 
of false positive findings.  In several studies, TB stained normal variations of anatomy, and 
benign inflammatory and traumatic lesions due to their increased cell activity.89, 96-100 To 
reduce the number of unnecessary biopsies and to exclude inflammatory and traumatic 
lesions, Mashberg suggested restaining any TB-stained lesion after 10 to 14 days.98  Any 
lesion that still stained after this period should be evaluated for cancer by biopsy,98 as 
OSCC, CIS and high-grade dysplasia retained TB fairly consistently.5, 97, 101 Furthermore, a 
prospective longitudinal study by Zhang et al. reported that lesions – including benign 
lesions with high-risk clinical and molecular characteristics – which stained with TB had an 
increased risk of malignant transformation.101  However, staining of all early-stage 
dysplasias does not always occur,5 probably because these lesions do not have the molecular 
changes associated with OSCC progression.102  Conversely, TB has been shown to stain 
lesions that were undetected by COE.90, 103 

Current literature suggests that the use of TB by trained and experienced practitioners may 
be useful in high-risk patients in a specialist setting, as most TB studies have been 
conducted in specialist clinics on higher-risk patients or patients who already have a known 
lesion.5, 94 With only one published community-based randomised controlled trial (RCT),104 
there is insufficient data to support the use of TB as an adjunct to COE in general practice on 
the general population.  In this RCT, 7,975 participants were randomly allocated to either 
the experimental group (TB) or the control group (placebo dye), and were visually examined 
by experienced dentists who were trained by an oral pathologist to detect oral lesions.  It 
was found that the use of TB did not significantly improve the detection rate of PMOLs; 
however, significantly more oral submucous fibrosis and slightly more leukoplakia were 
detected when TB was used as an adjunct than with visual screening alone.  In addition, 
there was no significant difference between the two groups in reducing the incidence of oral 
cancer after five years.  Further RCTs in the general population with longer follow-up 
periods are needed to confirm these results, particularly since the malignant transformation 
of PMOLs has a long natural history.104 

Problems with experimental design and analysis of results are the main reasons contributing 
to the poor quality of many studies on TB.  Care must be taken when interpreting and 
comparing results as methods and definitions are inconsistent.  Common issues that need to 
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be considered include whether or not a non-pharmaceutical grade (laboratory) TB solution 
or a higher standard, pharmaceutical grade TB solution was used, the method of applying 
TB (rinse versus local swab), if a two rinse procedure was used instead of one rinse to rule 
out inflammatory lesions, and the definition of a positive stain.  Staining intensity is a 
contentious issue, with some studies defining a positive result if there is an intense blue 
stain, while in other studies a positive result is if there is any blue staining.5, 91  Further 
complicating this matter is the inclusion of equivocal results in some studies, and whether 
or not they should be considered as positive or negative in statistical analysis.  Grey et al. 
showed that equivocal results can significantly affect statistical values in individual 
studies,90 which may mean that accuracy results are underestimated.94    Interpretation of TB 
stains can therefore be difficult and its use should be limited to trained and experienced 
clinicians, otherwise there may be more unnecessary biopsies taken and higher numbers of 
false positive and negative results.  

6.3 Tissue reflectance (ViziLite, Microlux/DL)  

There are several screening devices marketed as adjuncts to COE that enhance tissue 
reflectance to aid clinicians to detect PMOLs and OSCCs. These devices include ViziLite 
Plus (Zila Pharmaceuticals, Phoenix, Arizona, USA), Microlux/DL (AdDent, Danbury, CT, 
USA) and Orascoptic DK (Orascoptic, a Kerr Company, Middleton, WI, USA).1, 2, 85, 105  
ViziLite Plus utilises a disposable chemiluminescent light packet to provide diffuse blue-
white light between 490 to 510 nm in wavelength.92, 106 Chemiluminescence occurs when a 
chemical reaction produces light which can vary in intensity, lifetime and colour depending 
on the type of reaction.107  In contrast, Microlux/DL and Orascoptic DK use a diffuse white 
light from a battery-powered light-emitting diode (LED).108  Regardless of the type of light, 
these devices claim to enhance tissue reflectance of oral tissues after the mouth has been 
rinsed with 1% acetic acid for 60 seconds.92, 108, 109  According to the manufacturers, a 
cytoplasmic dehydration agent such as acetic acid can alter the refractile properties of oral 
mucosal abnormalities with atypical non-keratinized squamous epithelium, as these cells 
have an increased nuclear:cytoplasmic ratio.92, 108, 109 Consequently, dysplastic lesions 
become more visible as they appear white (hence termed an ‘acetowhite lesion’) against the 
light blue appearance of normal tissue.85, 92, 105, 108-110  

Several studies have evaluated the efficacy of tissue reflectance as a technique for visualising 
and detecting oral mucosal lesions; however, the number of publications available is still 
quite limited.  The majority of these are on ViziLite, with only one study on Microlux/DL 
and none on Orascoptic DK.5 Although several studies have been published regarding the 
efficacy of ViziLite, there appears to be conflicting results.  In a pilot study involving 150 
patients, a variety of hard and soft oral lesions were examined using ViziLite.110 All benign 
lesions without hyperkeratinisation, hyperparakeratinisation, chronic inflammatory 
infiltrate and/or an altered nuclear:cytoplasmic ratio did not appear acetowhite.  However, 
all lesions with a clinical diagnosis of leukoedema and two out of fourteen frictional 
keratoses were ViziLite positive.  In addition, three leukoplakic lesions appeared 
acetowhite. Two of these, including the one that was not detected by COE, had signs of 
cellular atypia, while the third was later diagnosed as a non-specific ulcer.110  This finding is 
consistent with two other papers that reported positive results with a non-specific ulcer,105 
and four cases of traumatic ulcers.111  These results suggest that ViziLite has fairly high 
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sensitivity but low specificity and PPV,5 and this idea is supported by several studies.105, 107, 

112 In a study by Ram and Siar involving 40 patients with a PMOL, primary squamous cell 
carcinoma, or a history of either condition, sensitivity and specificity was 100% and 14.2% 
respectively.107  In another study by Farah and McCullough involving 55 patients with an 
oral white mucosal lesion, sensitivity was again 100% while specificity was 0%.105  Unlike 
Ram and Siar who reported an accuracy of 80.6%, Farah reported an accuracy of only 
18.2%.105, 107  This considerable difference in accuracy is most likely attributed to the 
different sample population.105  A recent study by Awan et al. also reported high sensitivity 
and low specificity, with the values being 77.3% and 27.8% respectively.112  The lower 
sensitivity has been attributed to the sample population, which included a wider range of 
oral lesions than the two previous studies.112  In contrast, a recent study reported a 
sensitivity of 0% and specificity of 75.5%.113 In this study by Mehrotra et al., there were three 
dysplastic lesions and one cancerous lesion out of 102 patients examined with ViziLite – 
none of which had a positive ViziLite result.  Consequently, the NPV was very high, at 
94.8%, while PPV was 0%.113  Although not specified by the authors, the dysplastic and 
cancerous lesions may have been red, which is reportedly less preferentially highlighted by 
chemiluminescence than lesions with a white component.111, 112, 114  This may be due to the 
fact that erythroplakia has either atrophied epithelium or epithelium that has had no change 
in thickness, and that acetic acid does not enhance the refractile properties of 
erythroplakia.111  

Clearly, the ability to differentiate between keratotic, inflammatory, potentially malignant 
and malignant lesions is poor with ViziLite.105, 107, 111  Nevertheless, there are reports that 
ViziLite improves visualisation of lesions – particularly leukoplakias, although there are 
conflicting results.  Epstein et al. found a significant improvement in the brightness, 
sharpness and texture of lesions using ViziLite,114 while Kerr et al. noticed a significant 
improvement in only sharpness, a trend towards enhanced brightness, and no significant 
improvement in texture.111  Two other studies also noticed improved brightness and 
sharpness of oral lesions with chemiluminescence.112, 115  Visualisation of intraoral lesions 
was reportedly enhanced in Farah’s paper, however this was not statistically significant.105  
In contrast, visualisation can be more difficult due to an increase in mucosal surface 
reflectivity as a result of stimulated salivary flow following an acetic acid rinse.106, 111, 112  
Most studies have also found at least one new lesion that was not seen by COE;105, 106, 110, 111, 

114  however, the general consensus is that ViziLite does not provide any additional benefit 
to COE.105, 106, 113 

Although there have been several studies on ViziLite, the only published study assessing 
the efficacy of Microlux/DL as a diagnostic aid in visualising oral mucosal lesions is a 
prospective study by McIntosh et al.85  In this study, 50 patients referred to an oral medicine 
specialist unit because of an oral mucosal white lesion were examined by an oral medicine 
specialist.  Lesions were assessed clinically and were given a provisional diagnosis before 
undergoing incisional biopsy and histopathological analysis.  With a gold standard 
diagnostic test to compare to, sensitivity, specificity, PPV and NPV could be accurately 
assessed.  Results from this study found a sensitivity of 77.8%, a specificity of 70.7%, a PPV 
of 36.8% and a NPV of 93.5%.  These results indicate that while Microlux/DL is fairly good 
for highlighting potentially malignant oral mucosal lesions and the presence of no disease, 
the ability to differentiate between benign and malignant lesions is poor.  Furthermore, the 
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specialist unit because of an oral mucosal white lesion were examined by an oral medicine 
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system did not find any new lesions, modify the provisional diagnosis, or change the biopsy 
site, although it did improve lesion visibility and border distinctness of the majority of 
lesions when compared to COE.  Furthermore, the emitted light from Microlux/DL was 
found to be very similar to a standard LED headlight.85  From these results alone, 
Microlux/DL does not appear to be a great benefit to COE, particularly since the sensitivity 
and specificity scores in this study are lower than Downer et al.’s calculated overall 
sensitivity and specificity for COE.84, 108 A limitation of the study was that a specialist 
performed the examinations rather than a general dental practitioner, and more trials are 
required to validate these findings in a general population.85 A significant finding however, 
was that examination of PMOLs with white light is more useful than standard incandescent 
or halogen light. 

More research is needed to support the use of chemiluminescence and tissue reflectance as 
an adjunct to COE.  The published papers on both ViziLite and Microlux/DL have flaws in 
their experimental design; the most common being the lack of a definitive diagnostic gold 
standard comparison (incisional biopsy and histopathology) for all lesions.106, 107, 110, 111, 114 To 
compensate, several studies used results from brush cytology as their main diagnostic 
comparison,106, 110, 114 but this does not provide a definitive diagnosis.5  Other weaknesses in 
studies include small sample size,85, 105, 107 recruiting patients from specialist clinics instead 
of from the general population,85, 105, 107, 111 and the use of specialists instead of general dental 
practitioners.85, 105, 111 As a consequence, results should be interpreted with caution as they 
cannot be generalised to general practitioners, nor to the general population where the 
prevalence of oral cancer and precancer is much lower.115 In addition, there was a potential 
for conflicts in interest in two studies.114, 115 Larger, well-designed clinical trials are required 
to determine the ability of these devices in improving the visualisation of potentially 
malignant lesions that cannot be identified by COE.5  

6.4 Tissue autofluorescence imaging (VELscope, Identafi) 

Another light-based adjunct to COE is a handheld device called a Visually Enhancing Lesion 
Scope (VELscope; LED Dental Inc., Burnaby, BC, Canada).  Using the idea that cellular 
fluorophores are excited by high intensity light of particular wavelengths, this device 
utilizes blue light 400 to 460 nm in wavelength to cause tissue autofluorescence.5 This 
technology is based on the fact that both the superficial epithelium and underlying stroma 
of developing premalignant lesions have changes in their optical properties.116  Normal oral 
epithelium appears pale green when directly viewed through a narrow-band filter, as green-
red fluorescence is excited from fluorophores in the oral tissues.1, 2, 5, 117 In contrast, 
dysplastic cells or potentially early tumours appear dark green to black due to the cellular 
and structural changes which occur in neoplastic tissue.1, 5, 117, 118 Cellular alterations such as 
decreased flavin adenine dinucleotide concentration and collagen matrix breakdown have 
been associated with loss of fluorescence visualisation (FV).117, 118 Furthermore, decreased 
fluorescence as a result of increased absorption and scattering of light occurs when there are 
structural changes in both the epithelium and lamina propria such as hypertrophy, 
hyperchromatism, cellular/nuclear pleomorphism and increased microvascularity.117, 118  

Being relatively new, the number of published literature about the efficacy of VELscope for 
visualising and detecting potentially malignant lesions is limited.  While the general 
consensus is that VELscope has very high sensitivity, the specificity has ranged quite 
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considerably depending on the study.  In three observational (cross-sectional) studies, the 
reported values for sensitivity ranged from 97% to 100% and for sensitivity, 80% to 100%.117-

119 In contrast, while Awan et al. had fairly high sensitivity, specificity was significantly 
lower.112  The reported sensitivity for dysplasia and leukoplakia/erythroplakia was 84.1% 
and 87.1% respectively, while the specificity was 15.3% and 21.4% respectively.112  Two 
recent studies have noted both low specificity and sensitivity with VELscope.113, 120  A cross-
sectional study by Mehrotra et al. found 50% sensitivity and 38.9% specificity after 
examining 156 patients seeking dental care with VELscope.113  More recently, a prospective 
study by Farah et al. reported a sensitivity of 30%, a specificity of 63% and an accuracy of 
55% when VELscope was used alone to examine 118 lesions from 112 patients.120  The large 
discrepancy for specificity in these studies is most likely attributed to the sample 
population.  Lane et al. and Poh et al. recruited patients with biopsy-confirmed oral 
dysplasia or SCC and Scheer et al. included patients with an increased risk of mucosal 
abnormalities.117-119 In contrast, Mehrotra et al. enrolled patients with lesions deemed 
clinically innocuous according to COE,113  while Farah et al. recruited patients with white or 
mixed white or red oral mucosal lesions,120  and in the study conducted by Awan et al., the 
only inclusion criteria was the presence of white, red and mixed white and red oral 
lesions.112  Only one study used VELscope in a private general dentistry practice.121 In this 
retrospective observational study, 905 patients were examined with VELscope.  The authors 
reported a 1.3% prevalence of mucosal abnormalities, with 83% of these lesions being 
potentially premalignant.121  When compared with results from incisional biopsies, studies 
demonstrated that VELscope could reveal high-risk lesions such as severe dysplasia and 
CIS; however, milder forms of dysplasia were not always detected.113, 117-119  Despite this, 
there are several published case studies of new lesions being uncovered with VELscope in 
patients with a history of epithelial dysplasia or CIS.122, 123  Furthermore, Farah et al. reported 
that VELscope revealed five lesions not found during COE, enhanced visualisation of 
34.74% of cases, changed the clinical provisional diagnosis of 22 lesions, and changed the 
biopsy site of four lesions.120  Border distinctness and visibility of benign and dysplastic 
lesions, however, were not different.120  VELscope may also play a role with reducing the 
risk of tumour recurrence as it can be used before the excision of lesions to delineate 
malignant and premalignant subclinical extensions.118 

A high number of false positives with VELscope resulted in low specificity and PPV values, 
with reported PPV ranging from 6.4% to 54.5%, while NPV ranged from 97.5% to 100%.113, 

119, 120  Inflammatory and traumatic lesions such as oral lichen planus, granulation tissue, 
chronic inflammation, ulcerations and hyperkeratosis had loss of FV and were therefore 
false positive results.119  These tissues displayed less autofluorescence as they also had 
increased submucosal blood flow, altered metabolic activity and structural changes.113, 119  
To discriminate inflammatory lesions from dysplastic lesions, soft pressure should be 
applied to reduce blood flow to the area.120  Blanched inflammatory lesions will have normal 
autofluorescence whereas potentially malignant and malignant lesions remain 
unchanged.113, 119-122  However, applied pressure to dysplastic and OSCC lesions can still 
cause blanching, even though these lesions had loss of fluorescence.120  Interestingly, one 
study found a gain of autofluorescence in verrucous leukoplakias that had no dysplasia.119  
From this, the authors proposed that invasive carcinomas will also have a gain in 
autofluorescence and therefore, loss of fluorescence would not be an applicable indicator for 
malignancy in verrucous lesions.119 Nonetheless, Balevi calculated, using Bayes’ theorem 
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and the sensitivity and specificity values from existing literature, a PPV of 1.27% and a false 
positive rate of 98.63% if VELscope was used to routinely screen the total population for oral 
cancer.124  The author concluded that as VELscope has such a high misdiagnosis rate in the 
general population, the use of VELscope should be limited to oral cancer specialist clinics 
where the prevalence of oral cancer is most likely greater than 10%.124  

It is clear that there is currently an insufficient body of evidence to support the use of 
VELscope as an adjunct to COE for oral cancer screening in general practice.  While 
VELscope does show promise, it cannot differentiate inflammatory and traumatic lesions 
from premalignant and malignant lesions.  Therefore, use of the device requires skill and 
training in order to interpret results.113, 119, 120  With low specificity, the clinician still needs to 
conduct a thorough examination and use their clinical judgement as well as the patient’s 
history to determine the need for further investigation,120 otherwise, there will be an 
increased risk of overtreatment and a higher number of unnecessary referrals.112  Most 
published studies on VELscope have a small sample population that is not representative of 
the general population – namely, they were patients with a history of potentially malignant 
and malignant oral lesions.117-120, 122, 123  In addition, a major limitation of VELscope is that 
the difference between loss of fluorescence and diminished fluorescence is subjective and 
depends on the experience of the user.112, 119  When this is compounded with specialists who 
were not blinded,117, 118  it is possible that results may have been overestimated.  
Consequently, the results from current literature cannot be applied to the general 
population and general practitioners.  Until larger, blinded, randomized-controlled clinical 
trials can evaluate the performance of VELscope in populations where the prevalence for 
oral cancer is low, the use of this device should be restricted to specialist oral cancer clinics. 

It is possible that the newest oral cancer screening system on the market, Identafi 
(previously marketed as Identafi 3000 ultra; DentalEZ Group, Malvern, PA, USA), may 
show more potential than its light-based screening predecessors.  Identafi utilizes both 
optical autofluorescence and reflectance spectroscopy, in addition to traditional white light, 
to screen for PMOLs and OSCC.86 According to the manufacturer, areas with biochemical 
and morphological changes in cells can be visually identified by exciting oral tissues using a 
combination of multi-spectral light.86 Although highly concentrated white light may be 
considered slightly better for visualising oral lesions than incandescent operatory lights,85 it 
cannot be used alone as it is still difficult to differentiate premalignant lesions with 
inflammation, oral lichen planus/lichenoid reactions and other benign conditions which 
clinically appear similar to precancer.125 Consequently, the device also employs violet and 
green-amber light for detecting changes in fluorescence and reflectance respectively, thereby 
making it possible to locate areas of diseased tissue.86 

Unlike VELscope which uses blue light, Identafi uses violet light to excite tissues and induce 
fluorescence.86 As dysplastic and cancerous tissues have lower blue-green fluorescence 
intensity than normal tissues when they are excited by light with wavelengths between 330 
to 470 nm,116 abnormal tissues should appear dark brown or black when exposed to the 405 
nm violet light emitted by Identafi.86 A study by Roblyer et al. found that the optimal 
excitation wavelength of light for discriminating normal tissue from dysplasia and invasive 
cancer is 405 nm.125 At this wavelength, the authors reported a sensitivity of 95.9% to 100% 
and a specificity of 91.4% to 96.2% for differentiating dysplasia and cancer from normal 
tissue.125  Based on these results, it can be expected that Identafi may have similar values for 
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sensitivity and specificity.  A recent case report illustrated how autofluorescence tissue 
imaging with Identafi aided in diagnosing a metastatic tumour that was clinically 
innocuous.126 Furthermore, an unpublished study by Zuluaga et al. involving 120 patients 
from four clinical centres found that the violet light had 100% NPV and a PPV nearing 60% 
for differentiating between normal and dysplastic or malignant tissue in one cohort.127  The 
other cohorts had similar findings, and the authors expect that the overall PPV will be 
improved in the entire cohort with the addition of green-amber light.127  

Tissue reflectance can be enhanced with the addition of green-amber light (dominant 545 
nm).86, 127 Although the haemoglobin absorption is strongest at 420 nm,128  this light can 
delineate the vasculature of lesions from surrounding normal tissues as its wavelength is 
close to one of the two primary bands of haemoglobin absorption (Q-band peak of 542 
nm).86, 128 Premalignant and malignant tissues will appear diffuse due to their disorganised 
growth of blood vessels.86 Therefore, as abnormal signs of morphologic changes can be 
highlighted, the addition of this light is expected to reduce the rate of false positives.86, 127 
However, further research is required to determine the efficacy of a multispectral system 
like Identafi. 

7. Conclusions 
Morbidity and mortality rates for oral cancer can be improved if potentially malignant oral 
mucosal lesions are found before they reach an advanced stage. Investigation of socio 
demographic factors in relation to patient delay is an important area deserving of further 
attention. Themes have emerged through the use of qualitative studies regarding barriers 
and triggers to patient presentation. Drawing upon the triggers associated with help seeking 
behavior and creating awareness of the symptoms of oral cancer may allow patients to 
attribute their signs to something more serious. Educational interventions and self screening 
promotion aimed at the population have the potential to create awareness of oral cancer. 
Patients have stated that if they were more aware of oral cancer, they would have presented 
sooner regarding their signs and symptoms. As it has been shown that patients often tell a 
family member or friend about their symptoms, increased knowledge among the public 
may ensure that the patient is advised to seek help by their loved ones. Educational 
interventions should also be targeted at pharmacists, as their advice has the potential to 
decrease patient delay should a patient seek advice from a pharmacy.  

Dentists should be performing opportunistic screening on patients at dental appointments; 
however this is not happening consistently. Lack of confidence signals the need for further 
training, which can be done at both the undergraduate level and following graduation in the 
form of continuing professional development. As patients will commonly present to their 
doctor regarding an oral lesion, continuing education courses should also be made available 
for doctors. Identification of risk factors and effective patient counseling has the potential to 
decrease the incidence of oral cancer and there is need for improvement in this area. Risk 
factor analysis and effective communication could be integrated into continuing education 
courses. Practitioners should be more involved in creating awareness of oral cancer and this 
may be as simple as making pamphlets available at their surgeries.  

Problems exist with interpreting data from many studies performed in this area. Often 
studies are performed retrospectively, thus incorporating memory bias or relying on records 
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which may be incomplete. The low incidence of oral cancer renders sample sizes small, 
making it difficult to generalize the results. Continued investigation of the barriers and 
triggers to help seeking behavior and identification of factors involved in professional delay 
is required in order to inform effective interventions. 

Although many new diagnostic aids are available to help clinicians detect oral mucosal 
lesions earlier, the current screening devices and methods are limited by their inability to 
detect and discriminate between benign and malignant lesions, and thus cannot be used 
alone as an alternative to COE – they must be used as an adjunct.  As skill and training are 
required in order to interpret results, the use of these devices and methods should be 
limited to specialist centres and experienced and trained clinicians, if they are to be 
recommended for use at all.  Currently, there is still insufficient evidence to support the use 
of vital tissue staining and technology based on tissue reflectance and autofluorescence, 
particularly since none have consistently shown that they are more effective than COE.   
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1. Introduction 
There is an extensive variation in the incidence and mortality rates of oral cancer in different 
regions and countries of the world. While oral cancer is predominantly prevalent in South Asia 
and Southeast Asia, countries such as India, Pakistan, Bangladesh and Taiwan also have 
persistently increasing trends in incidence rates (Reichart & Way, 2006).  Oral cancer is much 
more predominant in Taiwanese males than in females and the prevalence in male peaks at 
age between 45 and 65 years old. A review of the Taiwan Cancer Registry Database (TCRD) 
shows that the mortality rate for oral cancer ranked the fourth among the top 10 leading causes 
of cancer death in Taiwan since 2003 (Bureau of Health Promotion [BHP], 2011a). In Taiwan, 
the oral cancer incidence rate in male grew by nearly 22.1% in 2008, with comparative figures 
for 1995 (BHP, 2011a). Between 1997 and 2007, the number of oral cancer cases per year grew 
from 2,795 to 5,458, representing an increase of 119%; the number of deaths due to oral cancer 
jumped from 1,163 cases to 2,312 cases per year, representing an increase of 99% (BHP, 2011b). 
In addition, according to the statistical report from the Department of Health of the Executive 
Yuan, young and middle-aged Taiwanese males (between the ages of 25 and 44) are most 
likely to develop oral cancer. It is even more worrisome to note that the trend in the age of oral 
cancer has tended towards decreased age-groups in Taiwan on a yearly basis in recent years. 
Oral cancer has recently become a notable public health concern in Taiwan. Therefore, from a 
public health perspective, it is important and imperative to study the clinical and 
epidemiologic characteristics of oral cancer in Taiwan. 

The development of various types of cancer is very complex and is influenced by many risk 
factors including hereditary, socio-demographics (such as age, gender, ethnicity, level of 
education, etc.), lifestyle, and environmental factors. The International Agency for Research 
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on Cancer (IARC) has identified intake of alcoholic beverages (AB), betel quid chewing 
(BQC) with tobacco, and cigarette smoking (CS) as human carcinogens, with the target 
organs including the oral cavity, pharynx, larynx and oesophagus (IARC, 1988, 2003). So far, 
results of numerous studies have demonstrated that BQC, CS, and AB clearly relate to the 
development of oral cancer, and are therefore the major etiological factors for oral cancer, 
(Blot et al., 1988; Cancela et al., 2009; Choi & Kahyo, 1991; Merletti et al., 1989; Ogden, 2005; 
Petti & Scully, 2005). In a case-control study carried out in Taiwan, the probability of oral 
cancer in patients who consumed tobacco, alcohol and betel quid was 123-fold higher than 
that of abstainers, indicating that these three activities act synergistically (Ko et al., 1995). In 
Taiwan, BQC is much strongly correlated to oral cancer among these three factors; however, 
as BQC and CS normally coexist, the effects of BQC on human health in Taiwan can hardly 
be distinguished from the integrated effects of both (Wen et al., 2005). Oral cancer is a male 
dominant disease amongst the Taiwanese; a finding consistent with the prevalence rate of 
BQC is much higher in males than in females in that population. Among Taiwanese 
aborigines, betel quid is frequently used in traditional festivals, ceremonial rituals as well as 
daily life in line with custom.  In consequence, the aboriginal population in Taiwan has a 
relatively higher risk for oral cancer than the Han Chinese. 

Annual age-standardized incidence rate (ASIR) for oral cancer for the 22 counties in Taiwan 
Island indicated that two regions in the eastern (Taitung and Hualien Counties) and in the 
middle (Changhua and Yunlin Counties) Taiwan have very high incidence than the other 
regions. Table 1 shows that from 1995 to 2008, the 14-year average incidence rates of oral 
cancer in males in Taitung, Hualien, Changhua, and Yunlin Counties were 43.6, 36.0, 42.6, 
and 41.5 cases per 100,000 person-years, respectively, which were higher than that for the 
rest of the 18 counties (24.0 cases per 100,000 person-years). Thus, these four counties are 
“hot spots” of oral cancer in Taiwan. Although the prevalence of BQC use in Taiwan has 
declined in the middle (18.3% to 9.3%) and the eastern (44.0% to 36.6%) parts of Taiwan 
(44.0% to 36.6%) between 1996 and 2002 (Yang et al., 2002), oral cancer incidence rates have 
been rising rapidly in the past several decades (Su et al., 2007). However, a dramatically 
distinct difference in male-to-female ratio for oral cancer incidence appears between these 
two areas, i.e. the middle and eastern Taiwan (Table 1). As shown in Table 2, a large 
proportion of the aboriginal population residing in both Hualien and Taitung Counties, the 
home of the aboriginal people, have a high incidence of oral cancer, and the prevalence rates 
for the use of BQC and CS in males and females are equally high(Table 3). In contrast, 
Changhua and Yunlin Counties have only a small proportion of aboriginal population living 
in them (Table 2). As can be seen in Table 1~3, Changhua County in particular belongs to a 
high-risk oral cancer area and has the abnormally high male-to-female ratio of oral cancer 
incidence in spite of the fact that that its BQC and CS activities are only moderately high 
among the 22 county regions. Based on the above discussion, these known major risk factors 
for oral cancer (BQC/CS prevalence and ethnicity) do not fully explain the geographical 
occurrence of oral cancer “hot spots” in Taiwan. Therefore, there may be other potential risk 
factors such as genetics, lifestyle, and environmental, yet unknown that influence the 
development of oral cancer among these population.  

It is estimated that as many as two-thirds of all cancer cases are linked to environmental 
causes (National Cancer Institute & National Institute of Environmental Health Sciences 
[NCI & NIEHS], 2003). Industrialization and urbanization in Taiwan over the past two 
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on Cancer (IARC) has identified intake of alcoholic beverages (AB), betel quid chewing 
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decades have chronically polluted a huge amount of farm soil due to the discharge of 
industrial wastewater into the irrigation systems. Moreover, according to the nationwide 
systematic survey of farm soil conducted by the Environmental Protection Administration 
(EPA) in Taiwan, Changhua County is known as the granary of Taiwan, where farm soil has 
been seriously polluted by heavy metals. Environmental factor is suspected to play a critical 
role in the process of developing oral cancer in Taiwan.  

 

Year 

Middle Taiwan Eastern Taiwan 
Others 

Changhua Yunlin Taitung Hualien 

Male Female Male Female Male Female Male Female Male Female 

1995 28.4 2.5 22.6 1.7 25.6 7.9 13.7 4.3 13.3 1.6 

1996 30.1 2.5 25.6 1.1 30.6 9.9 29.0 4.2 14.3 2.0 

1997 31.2 2.0 36.3 1.7 32.5 13.9 23.1 7.1 16.7 2.0 

1998 36.9 1.8 29.9 4.0 34.0 4.6 28.4 5.6 19.4 2.1 

1999 40.7 1.8 37.9 3.7 41.2 7.2 35.0 5.7 20.7 2.3 

2000 40.7 2.5 37.0 3.2 39.5 5.9 36.1 5.1 22.9 2.1 

2001 41.4 2.2 38.4 2.8 37.6 14.5 24.6 6.7 23.3 2.5 

2002 40.7 3.6 36.7 1.9 42.8 8.0 34.7 3.6 23.7 2.7 

2003 46.5 3.3 55.8 4.1 61.0 14.5 41.2 6.0 27.3 2.6 

2004 51.9 3.1 54.0 3.5 52.2 11.8 46.9 6.4 28.9 3.0 

2005 48.0 2.9 51.4 2.6 50.5 12.2 42.1 7.5 29.2 2.8 

2006 52.7 3.6 60.1 3.3 62.6 12.9 51.8 9.1 31.5 2.9 

2007 52.4 3.0 47.8 4.1 44.6 8.7 48.8 5.5 31.9 2.7 

2008 55.1 1.8 47.9 1.3 56.3 13.9 48.6 8.4 33.0 2.6 

Average 42.6 2.6 41.5 2.8 43.6 10.4 36.0 6.1 24.0 2.4 

Ratio 17.1 16.8 4.5 6.1 9.8 

Table 1. Annual age-standardized incidence rate (ASIR) of oral cancer and average male-to-
female ratios of oral cancer incidence in middle and eastern Taiwan and the rest of the 
counties, 1995-2008. 



 
Oral Cancer 

 

110 

Heavy metals are extremely persistent in the environment and can cause adverse effects on 
human health. Many metals, including arsenic (As), chromium (Cr[VI]), and nickel (Ni[II]), 
have been classified as human carcinogens (International Agency for Research on Cancer 
[IARC], 1987, 1990). Consequently, long-term exposure to heavy metals in the air, water, and 
soil may increase the risk of a certain type of human cancer. Previous studies have also 
found that the high content of soil heavy metals in the region had high incidence or 
mortality rates of several types of cancers, such as stomach, prostate, bladder, esophageal, 
and gastrointestinal cancers (Rheeder et al., 1994; Stocks & Davies, 1964; Türkdoğan et al., 
2003). These findings indirectly suggested a possible link between local residents’ exposure 
to heavy metals in soil and the incidence of cancer. Soil and the human body both intake 
environmental heavy metals, which can be absorbed through various ways. That is to say, 
soil and the human body are both recipients of environmental pollutants. Thus, the content 
of heavy metals in soil is an index of possible environmental exposure to heavy metal, and it 
can also slightly reflect the extent of the potential exposure on the human body in the living 
environment. In addition to socio-demographic factor (i.e. the ethnic distribution) and 
lifestyle factors (i.e. the prevalence of BQC and CS), the content of soil heavy metals as a 
environmental factor is to explore the association between oral cancer occurrence and heavy 
metal pollution in the environment in Taiwan. 

The development of geographic information systems (GIS) has offered a more powerful and 
efficient ability to visually inspect the spatial patterns and processes over the last twenty 
years. On the other hand, many recent epidemiological studies have widely used spatial 
analyses to identify possible causes related to the occurrence or outbreak of various 
diseases. A wide variety of statistical techniques to detect and describe spatial and temporal 
clustering have been applied in a range of disciplines, including geography, ecology, 
econometrics, biostatistics and medicine (Ward & Carpenter, 2000). Investigation of 
potential clustering of disease occurrence is a foundation of epidemiology, which provides 
valuable information on possible causes of the disease of interest and methods that may be 
used for disease control and prevention (Ward & Carpenter, 2000). Constructing disease-
specific maps to depict geo-referencing health data cartographically can facilitate the 
identification of possible causes of disease as well as provide an additional perspective on 
clinical medicine, epidemiological studies and health improvement (Chiang et al., 2010). In 
this way, GIS, when combined with spatial analytical methods, may be assisted in the study 
of healthcare issues. Kitron & Kazmierczak (1997) indicated that counties with most human 
cases and tick were clustered in parts of western Wisconsin by using a measure of spatial 
autocorrelation. Pfeiffer et al. (2007) used a spatial clustering method to identify a sequence 
of three epidemic waves of highly pathogenic avian influenza (HPAI) occurred in Vietnam 
during the time period 2004–2006. Additionally, spatial regression analysis quantifies the 
spatial pattern through creating a specific-contiguity weight and examining the relationship 
between the attributes of interest and latent explanatory variables that can interpret the 
observed spatial pattern (Zeng et al., 2008). Green et al. (2003) identified the geographical 
location of Diabetes Mellitus (DM) clusters in the City of Winnipeg in Canada, and indicated 
high rates of DM prevalence are strongly correlated with some risk factor indicators by the 
combination of both spatial clustering and spatial regression methods. 

In this chapter, we used GIS and Moran-based spatial statistics to associate the township-
level oral cancer mortality rates with the prevalence of BQC and CS, the distribution of 
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aboriginal population, and the content of soil heavy metals. The purpose was to identify the 
geographical locations of “hot spots” of various surveillance variables over the entire 
township of Taiwan, and then to determine and explain the magnitude of spatial association 
among these surveillance variables. 

 

County 
regions 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Average 

Hualien 20.6 20.2 20.0 19.7 19.5 19.1 18.8 18.5 18.2 18.0 19.3 

Taitung 18.8 18.4 18.1 17.7 17.3 17.0 16.7 16.3 16.0 15.9 17.2 

Pingtung 12.5 12.5 12.3 12.1 11.9 11.8 11.7 11.5 11.4 11.3 11.9 

Taoyuan 9.2 9.3 9.5 9.8 10.1 10.4 10.8 11.1 11.3 11.4 10.3 

Taipei 7.6 7.8 7.9 8.1 8.4 8.6 8.8 9.1 9.3 9.4 8.5 

Nantou 6.0 6.0 6.0 5.9 5.9 5.8 5.7 5.7 5.6 5.6 5.8 

Hsinchu 3.9 3.9 3.9 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 

Taichung 3.3 3.4 3.4 3.5 3.6 3.7 3.7 3.8 3.9 3.9 3.6 

Kaohsiung 3.3 3.4 3.3 3.4 3.3 3.4 3.4 3.4 3.4 3.4 3.4 

Ilan 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Taipei City 2.1 2.2 2.4 2.4 2.4 2.5 2.5 2.6 2.6 2.6 2.4 

Miaoli 2.1 2.1 2.0 2.0 2.0 2.0 2.0 2.0 2.1 2.1 2.1 

Kaohsiung City 1.8 1.8 1.9 2.0 2.1 2.1 2.1 2.2 2.2 2.3 2.0 

Keelung City 1.6 1.6 1.6 1.6 1.6 1.7 1.7 1.7 1.7 1.7 1.7 

Taichung City 1.0 1.1 1.1 1.2 1.2 1.3 1.3 1.4 1.4 1.4 1.2 

Chiayi 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 

Changhua* 0.7 0.7 0.7 0.8 0.9 0.9 0.9 0.9 0.9 0.9 0.8 

Tainan 0.5 0.5 0.5 0.6 0.6 0.6 0.7 0.7 0.7 0.7 0.6 

Hsinchu City 0.4 0.4 0.4 0.4 0.4 0.5 0.5 0.5 0.5 0.6 0.5 

Tainan City 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.3 

Yunlin* 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Chiayi City 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Table 2. The proportion of the aboriginal population in each county region throughout the 
Taiwan Island, 2000-2009. 

The proportion is equal to the number of aboriginal population in county divided by the 
total number of aboriginal population throughout Taiwan Island. 
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County  
regions 

BQC prevalence (%) CS prevalence (%) 

All Male Female All Male Female 

Taitung 24.4 (1) 30.0 (2) 18.0 (1) 14.4 (1) 47.4 (2) 14.4 (1) 

Hualien 21.6 (2) 32.6 (1) 9.6 (2) 13.4 (2) 46.0 (5) 13.4 (2) 

Pingtung 16.0 (3) 26.1 (3) 5.1 (3) 4.2 (15) 48.1 (1) 4.2 (15) 

Yunlin 13.4 (4) 24.8 (4) 0.5 (10) 5.1 (9) 43.4 (7) 5.1 (9) 

Chiayi 13.0 (5) 24.0 (5) 0.6 (7) 5.1 (9) 42.4 (10) 5.1 (9) 

Nantou 12.9 (6) 23.7 (6) 1.2 (4) 6.3 (6) 46.3 (4) 6.3 (6) 

Tainan 9.5 (7) 18.1 (7) 0.4 (12) 4.1 (16) 43.6 (6) 4.1 (16) 

Miaoli 9.2 (8) 17.3 (8) 0.0 (20) 3.1 (20) 42.3 (11) 3.1 (20) 

Taichung 8.4 (9) 15.9 (9) 0.6 (7) 4.4 (14) 41.6 (13) 4.4 (14) 

Kaohsiung 8.4 (10) 15.7 (10) 0.7 (6) 5.0 (12) 42.8 (9) 5.0 (12) 

Ilan 8.1 (11) 15.2 (11) 0.5 (10) 4.5 (13) 42.9 (8) 4.5 (13) 

Taoyuan 7.7 (12) 14.7 (12) 0.6 (7) 6.6 (5) 41.5 (14) 6.6 (5) 

Changhua* 7.3 (13) 14.1 (13) 0.1 (18) 2.9 (21) 36.3 (20) 2.9 (21) 

Chiayi City 7.1 (14) 14.0 (14) 0.2 (17) 3.7 (18) 39.8 (16) 3.7 (18) 

Tainan City 6.3 (15) 12.6 (15) 0.0 (20) 2.0 (22) 36.2 (21) 2.0 (22) 

Keelung 6.2 (16) 12.0 (16) 0.3 (15) 6.7 (4) 46.5 (3) 6.7 (4) 

Hsinchu 5.8 (17) 10.4 (20) 0.8 (5) 4.1 (16) 39.8 (16) 4.1 (16) 

Hsinchu City 5.4 (18) 10.7 (17) 0.0 (20) 5.2 (8) 40.4 (15) 5.2 (8) 

Taipei 5.4 (18) 10.6 (18) 0.3 (15) 5.3 (7) 41.9 (12) 5.3 (7) 

Taichung City 5.3 (20) 10.5 (19) 0.4 (12) 6.8 (3) 39.0 (18) 6.8 (3) 

Kaohsiung City 5.0 (21) 9.5 (21) 0.4 (12) 3.6 (19) 36.9 (19) 3.6 (19) 

Taipei City 2.6 (22) 5.4 (22) 0.0 (20) 5.1 (9) 32.1 (22) 5.1 (9) 

Numbers in parentheses indicate the ranks of the prevalence rates among the 22 county regions. 

Table 3. The prevalence rates of BQC and CS in each county region throughout the Taiwan 
Island in 2005 (BHP, 2011c). 

2. Materials and methods 
2.1 Study area  

This study was conducted mainly in Taiwan Island. Taiwan locates in the heart of the 
Festoon Islands at the west coast of Pacific Ocean, and it plays a vital and indispensable role 
as a key transport hub in the East Asian region. The political geography of Taiwan can be 
divided into four major regions as follows: the north, middle, south, and east regions, as 
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shown in Fig. 1. The total area of Taiwan Island is about 36,000 square kilometres with a 
population of about 23 million, and a population density of 640 persons per square 
kilometres. Taiwan’s population has grown very rapidly in a very short time. Taiwan is also 
becoming an increasingly dominating urban society with its population almost concentrated 
on the northern and southern of Taiwan Island, in two metropolitan cities of Taipei and 
Kaohsiung. The majority of ethnic groups in Taiwan are Han Chinese and aboriginal, whose 
proportions are 97.8% and 2.2% respectively. The latter live primarily in the eastern valleys 
and central mountainous areas (Lin et al., 2008). Over the past three decades, Taiwan’s 
industry has transformed from early agriculture to manufacture (industrialization), and 
then from manufacture to high-tech innovation (knowledge work). In 1995, the compulsory 
health care delivery system in Taiwan, called the National Health Insurance (NHI), was 
implemented with an emphasis on equal access to health care, regardless of socioeconomic 
status. 

 

 

 

Fig. 1. Four major geographic regions of Taiwan. 1) Changhua County, 2) Yunlin County, 3) 
Hualien County, 4) Taitung County. 
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2.2 Data on oral cancer mortality rates 

Taiwan established its comprehensive national cancer registry and database in 1979. Data on 
oral cancer mortality rates were obtained from the Atlas of Cancer Mortality in Taiwan 
constructed in 2003 by Taiwan’s Department of Health (DOH), which contains age-
standardized mortality rates (ASMR) in both genders of each township for each decade from 
1972 to 2001. Additionally, data on ASMR of oral cancer in male and all gender (i.e. male 
plus female) for each township from 2001 to 2009 were obtained from the statistical reports 
on the leading cause of cancer death, which were also provided by Taiwan’s DOH. Each 
township was treated as a unit in the analysis in this study. 

2.3 Data on aboriginal population 

In this study, a principal source of demographic data for the aboriginal population is the 
census. There are several culturally and ethno-linguistically distinct aboriginal tribes in 
Taiwan, who live mainly in the eastern plains and central mountains. In total, the Taiwanese 
aboriginal tribes consist of about 500,000 people. Data on aboriginal population of each 
township across Taiwan Island from 1998 to 2010 were retrieved from the Department of 
Household Registration Affairs. 

2.4 Data on known risk habits of oral cancer 

The prevalence rates of BQC and CS were estimated from the National Health Interview 
Survey (NHIS) data in 2002, which was conducted cooperatively by the National Health 
Research Institutes (NHRI) and Taiwan’s DOH. The survey subjects included 1,086 males 
and 1,473 females from all over Taiwan Island. However, only data from males and all 
gender were considered in calculation due to the low rates of BQC and CS among females. 
Similarly, data on the prevalence rates of BQC and CS were studied based on the township 
level. 

2.5 Data on the content of soil heavy metals 

Soil data in this study were derived from a progressive, nationwide survey that determined 
the concentration in agricultural topsoil (0-15 cm) of arsenic (As), cadmium (Cd), chromium 
(Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb) and zinc (Zn), conducted by the 
Environmental Protection Administration (EPA) in Taiwan from 1986 to 1990 
(Environmental Protection Administration, R.O.C. (Taiwan) [ROCEPA], 1985). The total 
concentration of extractable As and Hg in the soil was determined by the aqua regia 
method, as well as the other six heavy metals by the 0.1 N HCl extraction method. A grid 
cell size of 1,600 ha was used as sampling unit and 936 soil samples were collected across 
Taiwan Island. The area-weighted mean value represented the soil heavy metal content in 
each township.  

2.6 Principal component analysis 

Principal component analysis (PCA) is an exploratory data analysis tool introduced in 1901 
by Karl Pearson (Pearson, 1901), and later on extended in 1933 by Harold Hotelling 
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(Hotelling, 1933). PCA is a linear eigenvector-based dimensionality reduction technique, 
which is based on orthogonal transforming a large set of potentially correlated variables into 
a new and smaller subset of uncorrelated variables with maximum variance. These new 
variables, called principal components (PCs), are obtained as linear combinations of the 
original variables. The number of PC is less than or equal to the number of original variables 
(q ≦ p). Eigenvalues quantify the amount of variability explained by each PC, and an 
eigenvalue greater than one is commonly used as a cut-off point for which PCs are retained. 
The first PC explains the maximum amount of total variability in the data, the second PC the 
next largest amount, and so on. For each observation, PC scores are the derived composite 
scores computed based on the eigenvectors for each PC. PC loadings are correlation 
coefficients between the PC scores and the original variables, which ranges from -1 to 1. 
Therefore, the result of a PCA can eliminate multi-collinearity existed among original 
variables in multiple regression analysis, and these PC scores can be used in subsequent 
analyses. The basic model structure for PCA is shown in equation (1). 
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where 1 2 p X ,   X , ,X  are the original variables; 1 2 pPC ,   PC , ,PC  are new variables, 
namely the principal components; ij  is the correlation coefficient between the original 
variable j j (X ) and principal component i i(PC ) , namely the PC loading. In this study, PC 
loadings greater than 0.75 in absolute value as strong correlation, were used to make 
decisions regarding significant loadings (Liu et al., 2003). 

2.7 Moran-based autocorrelation statistics 

The spatial autocorrelation exists when a value observed in one geographic location 
depends on the values at neighbouring locations. The spatial autocorrelation coefficient for 
one geographic location is similar to the traditional Pearson correlation coefficient. In this 
study, two different scales were applied in spatial autocorrelation analysis. The Moran index 
(Moran’s I), a measure of spatial autocorrelation at global scale, which is used to estimate 
the magnitude of spatial association among all locations within the study area. The Moran’s 
I statistic, the most common, is defined as following equation (2) (Moran, 1950). The global 
Moran’s I only identify whether an overall spatial clustering propensity exists in a study 
area. Therefore, Anseline (1995) developed measure of spatial autocorrelation at local scale. 
The local Moran index (Moran’s Ii), which provide the possible contribution of each location 
to the global Moran’s I, is so called as local indicator of spatial association (LISA) (Anselin, 
1995). The equation (3) is used to calculate the local Moran’s Ii statistic. The LISA statistic is 
a spatial clustering method, which is used to identify significant local homogeneous (hot 
spots) or heterogeneous (cold spots) regions.  The global Moran’s I is the weighted average 
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of local Moran’s Ii. The null hypothesis (H0) of the spatial autocorrelation test is that a 
variable value of interest is not associated with among neighbouring locations, while the 
alternative hypothesis (Ha) is that the neighbouring locations have similar variable values of 
interest. The null hypothesis is rejected if the significance test means there is spatial 
autocorrelation.  
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where n  is the number of regions in the study; ix  and jx are the values of the variable of 
interest at regions i  and j , respectively; ijw  is an element of an  n n  binary spatial 
weight matrix, W , defining the connection between regions  i  and j  (e.g. 1 represents 
these two regions are adjacent and 0 for otherwise); W  often is a row-standardized weight 
means that each row of the weight matrix must sum to one. Moran’s I statistic ranges from -
1 to 1, and it equals 0 when there is no spatial autocorrelation. Positive values of Moran’s I 
statistics suggest spatial clustering, while negative values suggest dispersion, that is, high 
values are frequently found in the vicinity of low values. 

In addition, the Moran scatter-plot and a local version of the Moran’s I statistic for each 
region, which are valuable for gaining insights into the extent and nature of spatial 
clustering in a dataset (Anselin, 1996). The Moran scatter-plot is divided into four quadrants 
which all denote different levels of spatial association for each individual observation. The 
upper right quadrant of the Moran scatter-plot indicates regions with above average value 
share boundaries with neighbouring regions (High-High), i.e. hot spots. The lower left 
quadrant indicates regions with below average value on the variable of interest share 
boundaries with neighbouring regions (Low-Low), i.e. cold spots. The lower right quadrant 
indicates regions with above average values surrounded by regions with below average 
values (High-Low), and the upper right quadrant is opposite to the front (Low-High). The 
Moran scatter-plot values can be easily mapped and then further to explore where and how 
the spatial autocorrelation is located.  

2.8 Spatial regression analysis 

Many studies frequently focus on determining the correlation between potential 
environmental risk factors and diseases of concern through using multivariate linear 
regression analyses (Ashley, 1969; Dyomin et al., 1994). However, for analysis of 
observational data with spatial dependence, the classical linear regression model with 
spatial auto-correlated residuals violates the independence assumption for error. Spatial 
dependence effects must be incorporated into the specification of regression model and then 
the regression model must be estimated using appropriate estimation methods, such as 
maximum likelihood estimation method. The spatial lag model (SLM) regression can 
incorporate spatial dependence into the classical regression model (Anselin, 1988). Under 
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SLM specification, spatial autocorrelation in the dependent variable derives from exogenous 
influences. The SLM thus adds an additional predictor in the form of a spatially lagged 
exogenous variable to explain spatial dependence. A SLM commonly is expressed as 
equation (4) (Anselin, 1994): 

 y ρ y β ε        W X  (4)  

where y  is a  n 1  vector of observation on the dependent variable; X is a  n k  matrix 
representing the  k 1  explanatory variables and 1s column to accommodate the constant 
term; β  is a  k 1  vector of regression coefficient to be estimated; ρ  is a spatial 
autoregressive coefficient of spatial lag term; W  is a spatial weight matrix defining the 
adjacent relation; ε  is a  n 1  vector of random error term. The SLM parameters are 
estimated using the maximum likelihood method. 

The exploratory spatial data analyses and spatial regression were carried out using a cluster-
detection software programme of GeoDa version 0.9.5-I, developed by Luc Anselin. For  
statistical inference, the significance was tested using a Monte Carlo test with 999 
permutations at a significance level of 0.05. 

3. Results and discussion 
3.1 Principal component analysis for heavy metal in soil 

This study conducted PCA to determine the major PCs influencing the pattern of soil heavy 
metal pollution in Taiwan.  

 
 

Variables PC1 PC2 PC3 

As -0.26 0.26 0.89 

Cd 0.22 0.85 -0.05 

Cr 0.88 -0.12 -0.01 

Cu 0.86 -0.17 -0.04 

Hg 0.53 0.04 0.27 

Ni 0.83 -0.18 0.25 

Pb 0.49 0.63 -0.06 

Zn 0.93 -0.05 -0.08 

Eigenvalue 3.71 1.26 1.01 

% Total variance 46.42 15.80 12.63 

Cumulative % variance 46.42 62.22 74.85a 

a Total cumulative variance. The loading whose absolute value is greater than 0.75 of the total variance 
were in bold. 

Table 4. Results from the principal component analysis (PCA) for heavy metals in soil. 
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Three PCs were extracted based on eigenvalues greater than one. These three PCs accounted 
for 74.85% of the total variance. Table 4 gives the results of PC loadings, eigenvalues, and 
cumulative percentage of variation explained by each of these retained three PCs after 
rotation. In practice, only PC loadings with absolute values greater than 0.75 were selected 
for the PC interpretation. Using this criterion, the first principal component (PC1) explained 
46.42% of total variance with strong positive loadings on heavy metals Cr, Cu, Ni and Zn. 
The association of Cr, Cu, Ni and Zn in PC1 reflects the maximum influence of 
electroplating and other metal treatment plants on soil pollution Taiwan (Chang et al., 1997). 
The second principal component (PC2) included heavy metal Cd, which accounted for 
15.80% of the total variance. Heavy metal Cd was dominated by PC2, which reflects the 
influence of pigments and plastic factories on soil pollution. The third principal component 
(PC3) included As, which accounted for 12.63% of the total variance. In Taiwan, according 
to previous studies, the As content in soil is closely related to the geologic parent materials 
(Chang et al., 1999). These three PCs were used to replace the original variables (i.e. eight 
kinds of heavy metals) to represent overall soil pollution by heavy metals in Taiwan. 
Additionally, PC scores were the derived composite scores computed for each township 
based on the eigenvectors for each PC, and they were used in subsequent analyses. 

3.2 Correlation analysis of the explored variables 

Correlation analysis is used as preliminary data analysis before applying more sophisticated 
techniques. A Pearson’s correlation matrix is often used to explore for pairs of variables more 
likely to be associated. The Pearson’s correlation matrix among male oral cancer mortality  
in different periods, male prevalence rates of BQC and CS, proportion of male aboriginal 
population as well as principle components PC1, PC2 and PC3 is constructed in Table 5.  

 
 

Variables Mortality
(1972-1981)

Mortality
(1982-1991)

Mortality
(1992-2001)

Mortality
(2001-2009) Aborigines 

BQC **0.17 **0.16 **0.21 **0.30 *0.12 

CS -0.07 -0.03 -0.03 0.00 **0.15 

Aborigines -0.01 0.00 -0.01 0.01

PC1 **0.22 **0.29 **0.26 **0.18

PC2 0.06 0.05 0.03 -0.05

PC3 **0.24 **0.19 **0.31 **0.38

“Mortality (1)–(4)” indicate oral cancer mortality rates in males. “BQC and CS” indicate the male 
prevalence rate of betel quid chewing and cigarette smoking, respectively (n=301). “Aborigines” is used 
to denote the average proportion of the male aboriginal population (n=349). Three extractable principal 
components of PC1, PC2 and PC3 were determined by principal component analysis applied to eight 
heavy metals data (n=274).  
* denotes significance at 0.05; ** denotes significance at 0.01.  

Table 5. Pearson’s correlation matrix among oral cancer mortality in male and related 
potential factors. 
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Table 5. Pearson’s correlation matrix among oral cancer mortality in male and related 
potential factors. 
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There was a positive and statistically significant correlation between proportion of 
aboriginal population and prevalence rates of BQC and CS, which implied BQC is actually a 
common habit in Taiwanese aborigines. As to the correlations among male oral cancer 
mortality and these other explored variables, prevalence rate of BQC, proportion of 
aboriginal population, and principle components PC1 and PC3 were found to be positively 
correlated with male oral cancer mortality (p-values < 0.05). These findings further validated 
the correlation between oral cancer and BQC, and indicated that soil heavy metal pollution 
is possibly related to oral cancer. Conversely, prevalence rate of CS, proportion of aboriginal 
population, and principle components PC2 had no statistically significant correlation with 
male oral cancer mortality (p-values > 0.05). Although CS is highly prevalent for Taiwanese, 
there is no apparent difference in geographical distribution of CS prevalence.  

3.3 Global spatial autocorrelation of the explored variables 

This study constructed a contiguity-based spatial weight for each township by queen 
contiguity relationships, which defines spatial neighbours as areas with a shared border and 
vertexes (Lai et al., 2009). The results of the global Moran’s I analyses are summarized in 
Table 6. Table 6 shows the positive and statistically significant spatial autocorrelation for 
male oral cancer mortality in each period. In addition, there was a gradually increasing 
trend in the degree of spatial autocorrelation for oral cancer mortality, with ranges of global 
Moran’s I values varying from 0.3701 to 0.6201 in the period of nearly forty years. The 
geographical distribution of aborigines across Taiwan exhibited a significantly positive 
spatial autocorrelation. There were also positive spatial autocorrelations in the geographical 
distributions of BQC and CS prevalence rates, and the Moran’s I value in prevalence rate of 
BQC was greater than that of CS. Additionally, the geographical distributions of all these 
three PCs representing soil pollution by heavy metals in Taiwan had spatial autocorrelation. 
Among these three PCs, PC3 with the greatest positive Moran’s I value displayed the 
strongest degree of spatial distribution. 
 

Variables Moran’s I

Mortality (1972-1981) **0.3701

Mortality (1982-1991) **0.4134

Mortality (1992-2001) **0.5906

Mortality (2001-2009) **0.6201

Aborigines **0.5729

BQC **0.5726

CS **0.3752

PC1 **0.5859

PC2 **0.1865

PC3 **0.7782

** denotes significance at 0.01.  

Table 6. Global Moran’s I of oral cancer mortality in male and related potential factors. 
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3.4 Local spatial clustering 

The use of local indicator of spatial association (LISA) was to identify and explore the 
patterns of spatial clustering for each selected variable. 

3.4.1 Spatial clusters of oral cancer mortality 

Fig. 2 displays a map showing the distribution of high and low oral cancer mortality rates 
for male in the three 10-year periods from 1972 to 2001 and during the period of 2001 to 
2009. Over the period of 1972 to 1981, a small number of clusters with high oral cancer 
mortality rate (i.e. hot spots) were observed, mainly located in the central and southernmost 
regions of Taiwan; the low-mortality clusters of male oral cancer (i.e. cold spots) were 
discovered in northern part of Taiwan. There was only an unusually apparent high-
mortality cluster of male oral cancer centred on Changhua and Yunlin Counties of central 
Taiwan during 1982−1991; however, the high-mortality cluster located in southernmost 
Taiwan as in the previous time period of was disappeared. From 1992 to 2001, two distinctly 
large-ranges of high-mortality clusters were identified; one cluster was located in Taitung 
County of eastern Taiwan besides the previous cluster in central Taiwan. Over the past 
thirty years, the location and size of high-mortality cluster of male oral cancer in central 
Taiwan gradually expanded to include the entire Changhua County since 1972. As shown in 
the lower right figure of Fig. 2, the spatial clustering of male oral cancer mortality from 2001 
to 2009 is identified. Although the main high-mortality clusters of male oral cancer in this 
period of time was slightly different from that in the last period of time, the main two hot 
spots were also exhibited in central and eastern regions of Taiwan, and cold spots were 
predominantly located in northern Taiwan. 

3.4.2 Spatial clusters of related potential factors 

The spatial clusters of high proportion of aborigines and high prevalence rates of BQC and 
CS for male are indentified are sequentially shown in the Fig. 3 above. The aboriginal 
population mostly resided in the eastern part of Taiwan, similarly, where one continuous 
and large-scale cluster with high proportion of aborigines was located. On the contrary, a 
cold spot of low proportion of aborigines distributed throughout the southwest and 
midwest Taiwan. For maps of prevalence rates of BQC and CS, an obvious cluster of high 
BQC prevalence rates was mainly in Taitung and Hualien Counties in eastern Taiwan, while 
the cluster position of high prevalence rates for CS extended from the northwest to the east. 

The spatial clusters of each PC representing soil pollution by heavy metal are presented as 
Fig. 3 below. Clustering map for PC1, the spatial clusters of high PC1 scores mainly 
concentrated in the adjacent areas of Taichung and Changhua Counties in central Taiwan. 
There were five small and fragmented clusters of high PC2 scores spread from north to 
south throughout Taiwan except for the east. Three more apparent clusters of high PC3 
scores were primarily focused on the southwest. 

From the above results, the aggregation size of high-mortality rates of male oral cancer not 
only expanded with time, but also much more strongly clustered. However, the main 
gathering locations of aboriginal people and high BQC and CS prevalence rates for male 
were not totally consistent with that of high-mortality rates of oral cancer. Eastern Taiwan of  
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Fig. 2. Cluster locations of oral cancer mortality in males identified by local indicator of 
spatial association (LISA). 1) Changhua County, 2) Yunlin County, 3) Hualien County,  
4) Taitung County. 
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Fig. 3. Cluster locations of related potential factors identified by local indicator of spatial 
association (LISA). 1) Changhua County, 2) Yunlin County, 3) Hualien County, 4) Taitung 
County. 
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Fig. 3. Cluster locations of related potential factors identified by local indicator of spatial 
association (LISA). 1) Changhua County, 2) Yunlin County, 3) Hualien County, 4) Taitung 
County. 
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a hot spot for oral cancer can be approximately attributed to where the large numbers of 
aboriginal people reside and has high prevalence of BQC. But another hot spot for oral 
cancer is identified in central Taiwan, which is not the main distribution area of aboriginal 
people and BQC is not seem to be quite prevalent. Since the 1970s, the Taiwan 
government’s policy was to promote “home into small factories,” which has caused 
Changhua County to become a gathering place for electroplating and hardware 
manufacturing factories. Changhua County, located in central Taiwan, is a well-known 
Taiwanese “rice warehouse,” and more than 60% of the county’s total area has become 
arable land since 2001 (Council of Agriculture [COA], 2001). During the past few decades, 
farm soil has been seriously polluted by heavy-metal-contaminated wastewater 
discharged from factories through irrigation systems in Changhua County (Lin et al., 
2002). Therefore, heavy metal pollution was to be considered as a potential risk factor for 
oral cancer, and three PCs obtained from the PCA were used to represent the overall soil 
pollution by heavy metals in Taiwan. The locations of hot spots for high PC1 and PC3 
scores partially overlapped with a hot spot for oral cancer located in central counties of 
Taiwan. These findings legitimately suggested that soil pollution by heavy metal is an 
additional risk factor for oral cancer development. 

3.5 Spatial regression analysis (SLM) for oral cancer mortality rates 

This study further determined whether there is any correlation between the abnormally 
high-mortality rates of male oral cancer and related potential factors. Based on the results 
of above Sections 3.2 and 3.3, BQC prevalence rate, PC1 and PC3 had spatial 
autocorrelation and they correlated with oral cancer mortality. Thus, these three variables 
were included as predictors in a multiple regression model. The spatial autocorrelation in 
residuals for ordinary least squares (OLS) regression was found by the Moran’s I statistic. 
Moreover, Lagrange multipliers (LM) and Robust LM for spatial lag were both 
statistically significant in favor of conducting SLM regression. Table 7 shows the 
estimation results of non-spatial and SLM regressions for male oral cancer mortality rates 
in four time periods. For non-spatial regression, PC1, PC3 and BQC prevalence rate 
significantly and positively spatially associated with oral cancer mortality rates for male 
in each period of time. In terms of SLM regression, a significantly spatial correlation 
between PC1 and male oral cancer mortality in the study period except the time period of 
2001-2009. Only in the time period of 1992-2001, BQC prevalence rate associated with 
male oral cancer mortality. The estimation of all four SLM models had significantly 
positive values for spatial effect. In addition, the percentages of variance explained (R2) by 
the SLM models were greater than that in the non-spatial regressions, indicating that 
spatial regression model was successful in accounting for spatial correlation in male oral 
cancer mortality rates. 

BQC prevalence rates did not fully spatially correlated with oral cancer mortality rates in 
spatial regressions, but there was always a significant correlation between them in non-spatial 
regressions. It does not contradict that BQC is still the key culprit for causing oral cancer. The 
spatial regression results indicated that higher PC1 or PC3 scores in areas had higher male oral 
cancer mortality rates. The association between heavy metal pollution and oral cancer in 
Taiwan was further determined through regression analyses. Based on these highlights, 
environmental factors are strongly suspected to promote or cause oral cancer in Taiwan. 
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Variables 

Non-spatial regression Spatial lag model regression 
Regression coefficients Regression coefficients 

Mortality
(1972-1981)

Mortality
(1982-1991)

Mortality
(1992-2001)

Mortality
(2001-2009)

Mortality
(1972-1981)

Mortality
(1982-1991)

Mortality 
(1992-2001) 

Mortality 
(2001-2009) 

constant **2.661 **3.461 **7.511 **11.921 **1.216 **1.320 **2.171 **2.903 
PC1 **0.651 **0.902 **1.406 **1.613 *0.289 **0.412 *0.436 0.435 
PC3 **0.576 *0.412 **1.252 **2.177 0.195 0.135 *0.426 *0.605 
BQC *0.033 **0.044 **0.090 **0.207 0.010 0.017 0.022 **0.063 
Rho (ρ) — — — — **0.596 **0.632 **0.730 **0.745 
R2            0.115 0.149 0.210 0.278 0.356 0.438 0.609 0.646 

Rho (ρ) denotes the spatial autoregressive coefficients. R2 (the percentage of variation explained) is not 
directly provided for spatial model and model fit is thus assessed with a pseudo-R2 value calculated as 
the squared Pearson correlation between predicted and observed values (Kissling & Carl, 2008). 
* denotes significance at 0.05; ** denotes significance at 0.01.  

Table 7. Regression analysis of oral cancer mortality rates in males and related potential 
factors. 

4. Conclusion  
In conclusion, by displaying the various data on maps, we found that the hot spots for male 
mortality rate of oral cancer partially overlapped with that for heavy metal pollution. 
Additionally, the male mortality rate of oral cancer is geographically associated with heavy 
metal pollution by conducting spatial regression analyses. In addition to the most well-
known causative etiology of oral cancer, BQC, heavy metal pollution in the environment 
may be a promoting factor causing the development of oral cancer in Taiwan. Certain heavy 
metals are currently considered as known human carcinogens. Previous researches have 
uncovered a critical association between the abnormally high incidence or mortality rates for 
common types of cancer and the high content of soil heavy metals in the specified regions. 
Moreover, some epidemiological studies also have suggested that exposure to high levels of 
specific heavy metals in environmental media may be responsible for the high levels of that 
in human blood, urine and hair (Chang, Wang, Wang et al., 2006; Chang, Wang, Huang et 
al., 2006; Chiang et al., 2010; Rosas et al., 1989). More recently a case-control study on oral 
cancer and non-oral cancer patients living in central Taiwan has found that oral cancer 
patients’ blood levels of heavy metal Cr, Ni, Cu and Zn were statistically significantly higher 
than those of non-oral cancer patients (Yuan et al., 2011); furthermore, these heavy metals 
are the same with the major components of PC1 influencing heavy metal pollution in 
Taiwan soil, which further indicates a tight link between heavy metal pollution in the 
environment and oral cancer. Obviously, spatial analysis is a relatively new and potentially 
valuable tool and it is believed that such techniques will gradually become an integral 
component of epidemiological research and risk assessment for oral cancer. Finally and 
most importantly, this study looks forward to providing a new direction in novel researches 
and issues in related fields such as clinical medicine and epidemiology in the future. 
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1. Introduction 
Head and Neck Squamous Cell Carcinoma (HNSCC) is the sixth most prevalent neoplasm 
in the world, with approximately 900,000 cases diagnosed worldwide (Chin, Boyle et al. 
2006). The chronic use of tobacco and alcohol consumption has long been recognized as 
prominent risk factors in the development of oral cancer (Hashibe, Brennan et al. 2009). Oral 
Cancer is the 8th and 13th most common malignancy in the world for males and females 
respectively. Up to 80 % of these cancers occur in Asia (Cheong, Chandramouli et al. 2009). 
Precancerous and cancerous oral lesions may mimic any number of benign oral lesions, and 
as such may be left without investigation and treatment until well advanced.  

The five year survival following the diagnosis of oral malignancy can be as low as 15-50% as 
most cancer are advanced and associated with lymphatic spread at the time of discovery 
(McCullough and Farah 2008). Most patients with oral cancer or a potentially malignant  
oral mucosal lesion are often asymptomatic at the time of diagnosis (Baranovsky and Myers 
1986). Some patients do not seek care until pain, persistent ulceration, unexplained bleeding 
or an oral or neck mass is discovered at which time the disease is very advanced.  
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Most cancer deaths occur in patients 55 years or older (Silverman and Gorsky 1990). Thus, 
oral cancer is predominantly a disease of the elderly and for those with known 
epidemiologic risk factors, sufficient time exists to examine patients, detect precursor lesions 
and treat prior to the development of malignancy.  

2. Aetiology 
There are several known risk factors in the development of oral cancer with the most 
studied and well-established being the use of tobacco (Marder 1998; Hashibe, Brennan et al. 
2009). In the developing world, tobacco and areca nut use, either alone or in combination, 
account for the majority of leukoplakias, whereas the majority of oral leukoplakias in the 
developed world are associated with just the use of tobacco (Napier and Speight 2008). 
Heavy smokers have been shown to be seven times more likely than non-smokers to have 
leukoplakias. Further, the importance of tobacco is reinforced by the regression and  or 
disappearance of many lesions following cessation with a recent study showing that 56% 
regressed at 3 months and 78% regressed a year after smoking cessation (Napier and 
Speight 2008). 

2.1 Alcohol 

There is increasing evidence of the role of alcohol consumption in the development of oral 
cancer (Hindle, Downer et al. 2000; Hashibe, Brennan et al. 2009). In a recent large pooled 
study undertaken by the International Head and Neck Cancer Epidemiology (INHANCE) 
consortium, analyzed 11,221 patients with head and neck cancer and 16,168 controls and 
showed a greater than multiplicative joint effect of both tobacco and alcohol (Hashibe, 
Brennan et al. 2009). Further, this study estimated the population attributable risks for 
smoking and drinking combined to be 64% (95% CI: 45-75%) showing that the joint effect 
of tobacco and alcohol is responsible for a large proportion of head and neck cancers 
(Hashibe, Brennan et al. 2009). Interestingly though, this study also concluded that a 
proportion of head and neck cancers cannot be attributed to either tobacco or alcohol, 
particularly for oral cavity cancer, among women and below age 45 (Hashibe, Brennan et 
al. 2009). 

The ability of alcohol to cause protein denaturation and lipid dissolution, as well as its 
anti-microbial activity against most bacteria, fungi and viruses has resulted in alcohol 
being used in mouthwashes as a solvent, preservative and antiseptic agent. Studies have 
shown that high concentrations of alcohol in mouthwashes may have detrimental oral 
effects such as epithelial detachment, keratosis, mucosal ulceration, gingivitis, petechiae, 
and oral pain (Hsu TC, Furlong C et al. 1991; Warnakulasuriya S, Parkkila S et al. 2008) 
Furthermore, there is increasing evidence that there may be a direct relationship between 
the alcohol content of mouthwashes and the development of oral cancer, specifically, an 
increased risk of acquiring cancer (oral cavity, pharynx, larynx) by over 9 times for 
current smokers, over 5 times for those who also drink alcohol, and almost 5 times for 
those who neither smoke nor drink alcohol (Guha, Boffetta et al. 2007). A recent review of 
the literature suggested that it would be inadvisable for oral health care professionals to 
recommend the long-term use of alcohol-containing mouthwashes (McCullough and 
Farah 2008). 
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While alcohol was initially described as only a risk enhancer in smokers, there is now 
sufficient epidemiological evidence to suggest that chronic alcohol consumption is an 
independent risk factor (Rothman and Keller 1972; Herity, Moriarty et al. 1981; Maserejian, 
Joshipura et al. 2006). The exact mechanism of alcohol on the development of oral cancer 
remains unclear, as alcohol in itself is not clastogenic, mutagenic or carcinogenic. There is 
growing evidence that the local oxidation of alcohol to its toxic metabolite, acetaldehyde 
(AA), may be the ultimate mechanism for mediating the carcinogenic effect of alcohol in the 
mouth (Seitz, Matsuzaki et al. 2001).  

AA is the first metabolite of alcohol and is a well-known mutagenic and carcinogenic agent 
(Feron, Kruysse et al. 1982). The 1999 International Agency for Research on Cancer 
Monographs evaluated the carcinogenic risk of AA and concluded that there was 
inadequate evidence in humans, but sufficient evidence in experimental animals of the 
carcinogenic nature of AA. Although the bulk of alcohol metabolism is carried out in the 
liver, extra-hepatic metabolism of alcohol to AA has been shown to occur elsewhere in the 
body including the oral cavity. An early study demonstrated considerable AA production in 
saliva (up to 143µM) after moderate consumption of alcohol (0.5g/kg body weight) 
(Homann, Karkkainen et al. 1997). The level of AA formed was well above endogenous AA 
level of 1µM (Lachenmeier, Kanteres et al. 2009) and was within the range that is capable of 
inducing mutagenic changes 50-150µM (Salaspuro 2007). Furthermore, studies have also 
found that ingested alcohol may in fact be metabolized to AA by commensal organisms in 
the oral cavity via microbial alcohol dehydrogenase. Microorganisms that have been 
documented to be significantly associated with higher AA production include Streptococcus 
spp., particularly S. Salivarius, Neisseria spp and Candida albicans (Homann, Tillonen et al. 
2000; Muto, Hitomi et al. 2000; Kurkivuori, Salaspuro et al. 2007). The known toxic effect of 
AA as well as its local production in the mouth has led to increasing interest in the level of 
salivary AA formed after alcohol-containing mouthwash use and its association with oral 
cancer development.  

Epidemiological studies have not led to a definitive consensus on the association of alcohol-
containing mouthwashes and oral cancer. Lachenmeier et al (2009) tested the salivary AA 
content of four healthy individuals after rinsing with alcohol-containing mouthwash 
(Lachenmeier, Gumbel-Mako et al. 2009). Using headspace gas chromatography, this study 
found salivary AA concentrations significantly above endogenous levels.  

To further our understanding of the level of salivary acetaldehyde after rinsing with alcohol 
containing liquids, we have recently completed an study with 30 healthy dentate dental 
students from the University of Melbourne participated in this study. They were selected 
based on the following criteria: 1) >18years of age; 2) good over-all health; 3) non-smoker; 4) 
non-intraoral prosthesis; 5) healthy dentition with no oral problems. The four test liquid 
samples selected were red wine (14% vol. alcohol), scotch whiskey (43% vol. alcohol), low 
alcohol mouthwash with chlorhexidene (11.5% vol. alcohol) and high alcohol mouthwash 
(26.9% vol. alcohol).  

Saliva samples for each test liquid were collected on different days. Participants were 
randomly allocated a test liquid depending on the day of sampling. Participants were 
excluded if they had consumed food or drink, or performed oral hygiene in the previous 2 
hours or consumed alcohol in the previous 24 hours.  
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Baseline salivary samples were collected before participants rinsed with any test liquid. 
Participants were then instructed to rinse 20ml of the selected test liquid vigorously for 30 
seconds and expectorate immediately. Salivary samples were collected after 1 and 5 minutes 
after the expectoration of test liquid. Patients were required to chew on cotton rolls for 1 
minute before sampling. The cotton rolls were centrifuged for 2 minutes at 3000 g in 
Salivette saliva collection tubes (Sarstedt, Australia Pty Ltd). A 450 µL sample of the clear 
saliva supernatant was then transferred to a 10 mL headspace vial containing 50 µL of 
perchloric acid (20% w/w) (Eriksson et al, 1982). The effect of sample storage conditions 
were tested by comparing AA concentrations in a set of spiked samples frozen for 2 days 
against a batch of freshly spiked samples.  

Salivary AA concentrations were measured using headspace gas chromatography similar to 
previously reported methods (Lachenmeier, Gumbel-Mako et al. 2009). A gas 
chromatograph (GC-2010, Shimadzu) equipped with a flame ionization detector (FID) and 
headspace autosampler (AOC-5000, CTC analytics) was used for analysis. Data acquisition 
and analysis were performed using GC Solutions software. Sample vials were first 
incubated for 5 min at 50oC in the autosampler’s oven to achieve a favourable vapour-liquid 
equilibrium of the AA in the headspace vials. Thereafter, 1 mL of sample headspace was 
automatically drawn into the injection syringe by means of the electropneumatic dosing 
system and injected into the GC using a split ratio of 10:1. The GC conditions used to 
separate the volatile components in the saliva were as follows: column: 30 m x 0.25 mm I.D. 
x 0.25 μm film thickness (DB-23, J&W Scientific Inc.); temperature program: 40oC hold for 2 
min, 80oC/min up to 200oC and hold for 3 min; injection port temperature: 200oC; FID 
temperature: 250oC; carrier gas (He) flow rate: 30 cm/sec.  

The suitability of the internal standards method, the calibration curve method and the 
standard addition method for calculating the unknown AA concentration in the saliva 
samples was studied. The results shown in Table 1 indicate that the analyte concentration 
detected from the saliva standards is in good correspondence to that with standards made 
up in deionized water. The calibration curve prepared from aqueous AA standards (1, 2, 5, 
10 mg/L) was linear over the whole range and the limit of detection was 0.5 mg/L (11.4µM). 
Preliminary experiments indicated that the method developed had good reproducibility 
(%RSD = 1.05%, n = 6). 

All mouthwashes caused a statistically significant (p < 0.05) increase in production of AA at 
both the 2 minutes and 5-minute samples when compared to the pre-mouthwash sample. 
Statistically significantly more AA was present at the 2-minute interval than at the 5-minute 
sample (Table 1). However, even 5 minutes after rinsing there was statistically significantly 
more AA present for all four mouthwashes when compared to the pre-mouthwash sample. 
There was no significant difference (p = 0.218) between the levels of AA produced 5 minutes 
after rinsing with any of the 4 solutions. 

There are of course limitations to this preliminary study in particular the small sample size 
with only nine subjects for each test liquid. Nevertheless, these results indicate that rinsing 
with alcohol produced an increase in oral AA above endogenous levels and in the range 
capable of inducing mutagenic change (50-150µM) and that alcohol containing mouthwash has 
a similar effect on acetaldyde levels within the oral cavity as recreational alcohol containing 
liquids. These results indicate that further investigation is required into the levels of AA 
produced by a wide range of alcohol containing liquids, particularly those in common use. 
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 Alcohol 
(%) 

Average AA concentration (µM) 

Baseline  1 minute  5 minutes 
Scotch  43 8.1 ± 8.1 97.0 ± 33.2 41.9 ± 21.2 
Wine 14 11.2 ± 6.4 59.4 ± 31.0 33.8 ± 20.2 
Listerine  26.9 9.1 ± 5.9 53.5 ± 19.3 25.1 ± 11.6 
Savacol 11.5 18.5 ± 11.2 43.8 ± 13.8 31.4 ± 7.5 

Table 1. Average АА concentration after rinsing with test liquids. 

We have further assessed whether alcohol-containing mouthwashes (ACM) can induce 
cellular toxicity and/or genotoxicity in human cells in vitro with the single-cell gel (comet) 
assay and morphological assessment of apoptosis and mitosis, in order to clarify suggestive 
but inconclusive epidemiological data concerning a potential oral cancer risk associated 
with regular use of alcoholic mouthwash. Normal (OKF6/TERT-2 cells ) (Dickson MA 2000) 
and dysplastic (DOK cells) (Chang Se 1992) human oral epithelial cells were treated for 30 
seconds with a 1:5 alcohol-containing mouthwash (26% ethanol) dilution and equivalent 
concentration of ethanol (5.4%) for comparison. The negative control group was treated with 
phosphate buffered saline solution and the positive control group was treated with 650µM 
H2O2. Recovery time points of 5, 10 and 20 minutes were allowed before trypsinisation and 
layering onto slides with low-melting point agarose for electrophoresis. DNA damage was 
scored using the visual method established by Speit and Hartmann (Speit G 2006). 
Parameters from the comet assays and cytotoxicity testing were analysed by one-way 
ANOVA and Tukey’s test. 

ACM and ethanol treatment groups consistently demonstrated significantly greater DNA 
damage (P < 0.001) in the comet assay when compared to negative controls. No significant 
difference was noted between recovery time points. No significant differences in apoptosis 
and mitosis were noted between treatments and controls in the cytotoxicity assay, however 
OKF-6 cells (normal) were shown to have increased apoptosis and decreased mitosis when 
compared to DOK cells (dysplastic). These results indicate that ACMs do have a genotoxic 
effect in oral epithelial cells, however they do not induce cellular toxicity in these short-term 
laboratory conditions. 

Although separate assays exist to detect damage through each specific mechanism discussed 
above, the comet assay is a general test for detection of DNA breakage- the end result of all 
damage pathways. It is sensitive to DNA single- and double-strand breaks, interstrand 
cross-links, and apurinic/apyrimidinic (AP) sites which relax the supercoiled structure of 
genomic DNA under alkaline conditions (Speit G 2006). Multiple studies have established 
that visual scoring is both efficient and accurate, bearing a linear correlation to computer 
scoring (Garcia O 2004) (Panayiotidis MI 2004). Results indicate that ACMs cause significant 
fragmentation of DNA, which over many cycles can lead to mutation. Furthermore, it was 
found that no DNA repair occurred within the 20 minutes allowed for recovery following 
treatments, allowing carcinogenic effects to compound more rapidly. 

Selecting two cell lines (DOK and OKF-6) for experiments permitted testing of ACM effects 
on normal oral epithelial cells, as well as allowing comparisons to be made with dysplastic 
cells. Results from the comet assay indicate that DNA damage is significantly greater in 
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DOK cells compared to OKF-6 cells, supporting the idea that ACM use may be a greater risk 
in smokers or patients with pre-existing dysplasia. Previous research shows that risk 
associated with alcohol consumption is not necessarily constant over the multistage 
pathway to oral cancer (Franceschi S 2000) (Franceschi et al., 2000). Traditionally, alcohol has 
been thought to play a role in the later stages of oral cancer progression (Day & Brown, 
1980), a view supported by our results. However newer studies are finding that drinking 
may exert earlier effects, as cessation does not lower oral cancer risk for up to 9 years 
(Franceschi S 2000) Temporal mechanisms of alcohol carcinogenicity may be more complex 
and multifactorial than previously thought. Although experiments used were not sensitive 
to a concurrent synergism between ACM and tobacco carcinogens, it was possible to 
ascertain the possibility of a sequential synergistic effect with tobacco because DOK cells 
were developed from the tongue mucosa of a smoker.  

Thus, it would appear that the effect of alcohol consumption on oral epithelial cells is likely 
to be local, topical and temporally important in oral carcinogenesis. 

2.2 Human Papilloma Virus 

For many years, HPV has been accepted as an important cofactor in the development of 
cervical cancer, originating from a mucous membrane with similarities to the oral mucosa. It 
has long been postulated that oncogenic HPV subtypes (specifically, HPV 16 and 18) can 
have a tumorigenic effect on oral epithelia. Evidence to support a role for HPV was found in 
analysis of the presence of HPV in biopsy specimens, the majority concluding that it was 
likely that HPV may be a cofactor in the development of oral cancer (Nielsen, Norrild et al. 
1996; D'Costa, Saranath et al. 1998; Al-Bakkal, Ficarra et al. 1999). The INHANCE 
consortium mentioned above reported on the analysis of a large cohort assessing links 
between cancer and specific sexual behaviours, including practice of oral sex, number of 
lifetime sexual partners and oral sex partners, age at sexual debut, a history of same-sex 
contact and a history of oral-anal contact. This study concluded that these sexual behaviours 
are associated with increased risk of cancer, particularly of the tongue, tonsil and oro-
pharynx and reinforce the association with infection by HPV sub-types (Heck, Berthiller et 
al. 2009). Furthermore, it has been shown that there is an overall increase in the incidence of 
base of tongue cancer over the past 30 years and further that there is an increase in the 
prevalence of HPV in these tongue cancers (Attner, Du et al. 2009). Thus, it would appear 
that there is an increased understanding of the causative role for HPV in oral and oro-
pharyngeal cancer with an urgent need for further research in the role of that this virus may 
play in the propagation of potentially malignant mucosal lesions. 

A recent extensive collaborative study recently reported the prevalence of HPV types in the 
oropharynx in men who have sex with men (MSM) and compared sampling methods as 
well as identifying risk factors. This cross-sectional study enrolled 250 HIV negative and 250 
HIV positive MSM who were sampled by either a self-collected flocked throat/mouth swab 
agitated in RNAlater or collected gargled saline. Further, a questionnaire about sexual 
behaviour, oral hygiene and smoking was collected. 

HPV PCR was undertaken after DNA extraction using MagNA Pure LC (Roche Molecular 
Systems) the HPV DNA amplification was undertaken using L1 consensus primers & beta-
globin control via PCR. An ELISA using biotin-labeled probe was used to identify PCR 
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products and subsequently a line-blot hybridization (Linear array - Roche) used to genotype 
the PCR product. 

The results of this study showed a prevalence of oral HPV with 74 positive in one or both 
samples. The self-collected flocked throat and mouth swab was positive in 33 of the 74 
(44.6% sensitive) while the oral rinse was positive in 65 of the 74 positive samples (87.8% 
sensitive). High-risk genotypes (16 and 59) were found in 21 (4.2%) samples. The HPV 
prevalence in this MSM population depended on the HIV status with those HIV negative 
showed 8% (0.8% HPV 16) positive samples while those MSM who were HIV positive had 
22% (4.8% HPV 16) positive samples. Oral rinse method of sample collection was nearly 
twice as sensitive as self-collected swab. Significant risk factors included smoking, age 
greater than 40 and lifetime oral sex partners greater that 100. 

Thus, it would appear that high-risk HPV sub-types are present in the oral cavity, and this 
presence is associated with risk behaviours, in particular smoking and the number of 
lifetime oral sex partners. It could be postulated that there is synergism of these risk 
factors, particularly if alcohol consumption was also included. There is therefore a need 
for the development and clinical validation of a simple salivary method for the 
assessment of risk of developing oral cancer that is not associated with smoking as this is 
likely to enhance the effectiveness of oral cancer screening services and improving oral 
cancer outcomes.  

3. Novel biomarkers 
Currently the gold standard in diagnosis of malignant and potentially malignant oral 
mucosal lesions is incisional biopsy and histo-pathological assessment. However, 
histopathological examination has concerns related to sampling errors and errors in 
interpretation, and lacks sensitivity to determine lesion progression.(Holmstrup, Vedtofte et 
al. 2006) That is, the level of dysplasia of an oral lesion may not necessarily correlate with 
the lesion’s potential for malignant transformation. Hence, there is a need for a more 
accurate system to predict the progression to cancer and currently there is significant work 
being undertaken in identifying markers in patients with oral cancer and pre-cancer that 
may serve as a valuable resource in finding markers for the early diagnosis of these 
conditions. 

3.1 DNA ploidy 

Several studies have already shown that DNA ploidy is of prognostic importance in some 
human malignancies such as carcinomas of the ovary (Brescia and et al. 1990), prostate 
(Badalament and et al. 1991), urinary bladder (Norming and et al. 1992) and malignant 
melanomas (Sorensen and et al. 1991). Importantly, DNA ploidy has been shown to be an 
early marker of malignant transformation in oral dysplasia (Sudbo and et al. 2001). DNA 
ploidy can be classified into three clinically relevant categories, diploid, tetraploid and 
aneuploid. The positive correlation that has been reported to exist between DNA ploidy and 
prognosis of oral dysplasia (Sudbo and et al. 2001), suggests that DNA ploidy may well be a 
key factor in the diagnosis, prognosis and treatment of oral malignancies in the future and 
thus requires full investigation. 
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The use of DNA ploidy for oral mucosal conditions has attracted considerable controversy 
(Curfman GD 2006; Reed KD 2007). There was considerable promise in the early part of 
this decade that the use of DNA ploidy could better predict outcome for potentially 
malignant oral mucosal disease. Irrespective of the controversies associated with a large 
portion of this work multiple independent and meticulous studies have been undertaken 
to attempt to put the investigations of the utility of oral mucosal DNA ploidy on a sound 
scientific basis. Interestingly, the results of these studies have been varied with some 
reporting guarded success at predicting outcome of malignant transformation (Torres-
Rendon and et al. 2009 June), while others have shown little benefit from this technique in 
assessing the malignant potential of mucosal lesions (Neppelberg and Johannessen A.C. 
2007). 

The majority of previous studies assessing DNA ploidy in oral mucosal lesions have used 
nuclei isolated from formalin fixed, paraffin embedded, archival material 19-22. These nuclei 
were extracted, processed to form a monolayer on glass slides and, after Feulgen staining, 
individual nuclei selected for integrated optical density analysis. The number of nuclei 
analyzed was usually in the range of 200-300 per sample 22. In each of these retrospective 
studies, internal control nuclei within each monolayer, such as inflammatory cells or 
“unsuspicious” epithelial cells, were used to assess for significant variations from DNA 
diploidy (aneuploidy) of nuclei from each specimen. However, as a prospective clinical tool, 
such methodology is limited.  

Over recent years there has been increased use of liquid-based cytology (LBC) for cervical 
smears and this method has been analyzed for utility with oral cytology (Kujan and et al. 
2006). The initial study evaluating LBC for oral cytology assessed 150 specimens from 50 
healthy volunteers and found that this technique distributed cells evenly, optimized 
fixation, improved and unbiased sampling, enhanced nuclear detail and eliminated air-
drying artifacts. These researchers also reported that the specimens showed cells from two 
populations, superficial and intermediate cells with only six (4%) of specimens containing 
parabasal or basal cells (Kujan and et al. 2006). This latter finding has significant impact as 
these superficial cells represent keratinocytes that are terminally differentiating and thus 
nuclei have become non-functional with condensed and fragmented chromatin.  

In a recent study (McCullough MJ 2009) assessing the variability of ploidy present in oral 
cytological material using nuclear analyses of integrated density via Feulgen staining, liquid 
based processing of oral cytological samples and the establishment of a large database of 
normality. This study found that there was more variabilitiy observed in patients with 
normal mucosa than in oral mucosal dysplasia and neoplasia. It may well be that these 
nuclear alterations present in the superficial cell layers resulted in increased optical 
integrated density after Feulgen staining observed and the observed lack of differentiation 
between normal and abnormal samples was likely to be due to sampling, with inadequate 
numbers of basal cells whose DNA could not be assessed separately from the large number 
of superficial nuclei (McCullough MJ 2009).  

An attempt to circumvent this tissue-sampling problem has been reported by obtained 
representative tissue specimens by scraping with a dermatological curette (Navone R 2008), 
thus producing “micro-biopsies” rather than cytological samples from brushing mucosa. 
Such a technique, which included liquid cytology for tissue handling, has been reported to 
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be a non-invasive, rapid method that has little patient discomfort and is able to sample a 
broader area than a single biopsy (Navone R 2008). Ideally, the analyses of the cells collected 
would include multiple markers, not only assessing the presence of basal cells in the sample, 
but also the extent of a number of genetic changes known to be linked to the development of 
oral neoplasia. This is unlikely to be feasible using ploidy assessment via the Feulgen 
reaction as this reaction requires acid hydrolysis of DNA significantly altering both 
cytological and nuclear attributes. Such markers may well include the recently reported 
centrosomal abnormalities reportedly to occur universally in oral dysplasia. 

Thus, there still remains the need for a robust method to assess molecular changes known to 
be associated with the early changes in neogenesis to aid in the early detection of oral 
mucosal lesions with increased malignant potential. 

3.2 mRNAs 

The identification of tissue markers that aid assessment of malignant potential have been 
investigated, and reviewed by Scully (Scully 1993). Such markers include cell surface and 
cytoplasmic components. 

Loss of Heterozygosity (LOH) is considered loss of genetic material at microsatellite loci, 
and has been shown to be an important event in tumorigenesis (Ng IO, Xiao L et al. 2000). 
Investigations of LOH in genes and chromosomal regions, has shown that defined regions 
are affected in oral carcinogenesis/HNSCC and that these may be used as a possible 
prognostic marker. 

A model for HNSCC progression has been proposed suggesting deletions at 3q, 9q and 17q 
are associated with a morphological transition of cells from normal to dysplastic cells, and 
that carcinoma development was promoted by further deletions at 4q, 6p, 11q, 13q and 14q 
(Califano J, van der Riet P et al. 1996). 

Single nucleotide polymorphisms (SNPs) are single base alteration or point mutations in 
DNA and are considered the most common form of genetic variation, occurring 
approximately every 1200 base pairs in human chromosomes (Sherry 2001). Hence, many 
studies have investigated the incidence of SNPs in particular genes to determine their role in 
HNSCC carcinogenesis. 

TP53 is an extensively characterised TSG, which encodes the protein p53. TP53 is located on 
the short arm of chromosome 17 and has 11 exons, one of which is non functional (Liao PH, 
Chang YC et al. 2000). p53 is a sequence specific transcription factor that is important for 
DNA maintenance.  

A study of 94 oral squamous cell carcinomas (OSSC) found that 43% had TP53 mutations 
(Ostwald, 2000), similarly another study observed 48.66% of OSSC had p53 mutations 
(Hsieh, Wang et al. 2001). An analysis of 18 oral tumours found 72% had TP53 mutation, 
however this high incidence may have been due to the small sample size (Partridge, 2000). 
Generally, TP53 mutations are considered a common genetic change, being evident in 40-
50% of HNSCC (Nylander, 2000). 

Other studies have documented associations between TP53 polymorphisms and HNSCC. 
One investigation observed the highest number of mutations occurred in exon 7 and that the 
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type of SNP was characteristic of lesion location. Lip lesions exhibited G:C to A:T transitions 
while intra-oral lesions exhibited an equal frequency of transitions and transversions (G:C to 
T:A) (Ostwald C, Gogacz P et al. 2000). It has been proposed that these transversions are 
preferentially induced by breakdown products of benz[a]pyrenes, suggesting a strong 
correlation with tobacco usage (Ostwald C, Gogacz P et al. 2000). A study of sequential 
epithelial dysplasias and squamous cell carcinomas suggested TP53 mutations correlated 
with an invasive tumour phenotype (Shahnavaz SA, Regezi JA et al. 2000). A further study 
reported greater than 90% of HNSCC samples had TP53 mutations, with the type of 
mutation varying among tumours (van Oijen MG, Vd et al. 2000 Feb ). They also 
demonstrated primary tumours and metastases showed the same TP53 mutation, 
suggesting that TP53 mutations are relatively stable within a given tumour. 

SNPs in other genes have been investigated including the CYP1A1 polymorphism in the 
gene encoding cytochrome p450. This polymorphism results in an amino acid substitution 
from Isoleucine to Valine. It has been proposed that the Valine form of the enzyme has a 
greater catalytic and mutagenic activity towards benz[a]pyrenes and therefore may be 
associated with high risk of OSSC development (Sato M, Sato T et al. 2000; Sreelekha TT, 
Ramadas K et al. 2001). However, other studies have not observed an association between 
this polymorphism and HNSCC (McWilliams JE, Evans AJ et al. 2000).  

3.3 MicroRNAs 

An area of interest for markers of potentially malignant mucosal lesions is MicroRNAs 
(miRNAs). MiRNAs are small non coding RNAs that mediate gene expression at the post-
transcriptional level by degrading or repressing target messenger RNAs (mRNAs). They act 
by binding to partially complementary sites in the 3` region of the mRNA target. MiRNAs 
are approximately 18 - 22 nucleotides in length and are predicted to regulate at least 30% of 
the mRNA transcripts (Gomes and Gomez 2008).  

MiRNAs are transcribed by RNA polymerase II or III as an independent gene unit or as 
part of an intron on a larger mRNA molecule. This mRNA can be up to 1000 nucleotides 
in length and has a stem-loop structure. This initial transcript is cleaved into a shorter 
stem-loop structure of less than 100 nucleotides by a type III RNAse (Drosha). This pre – 
miRNA is exported out into the cytoplasm by exportin-5 where another RNAse III (Dicer) 
cleaves it, resulting in a 18 – 24 nucleotide long mature miRNA. The mature miRNA is 
bound to a protein complex called an RNA induced silencing complex (RISC – RNA) 
formed by four argonaute family proteins (Ago 1-4). This active miRNA – protein 
complex binds to specific sites present in a number of mRNA’s resulting in their 
inactivation. To date, 1048 different human miRNAs have been identified in the miRBase 
database It has been shown that each mirNA regulates a number of mRNAs(Gomes and 
Gomez 2008).  

MicroRNAs bind to the 3’ untranslated region (30 UTR) of target mRNA. Depending on the 
degree of sequence complementary, the mRNA is either inhibited or degraded. Studies 
conducted up to date suggest that miRNAs function either as oncogenes or tumor 
suppressors in various cancer types, as well as OSCC. 

MiRNAs have been associated with almost all types of human malignancies including 
haematological and solid cancers. When the classification accuracy of types of cancer were 
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compared, variation from the normal profile of miRNAs were shown to more pronounced 
in poorly differentiated tumors (Hui, Shi et al. 2009). 

A reduction in miRNAs that suppress tumours is thought to result in an increase of 
oncogenic proteins and hence accelerates oncogenic transformation. On the other hand, an 
increase in miRNAs during oncogenises may be associated with inactivation of tumour 
suppressor genes thus accelerating oncogenic transformation as outlined in Fig.1. (Gomes 
and Gomez 2008). 

 

 
 

Fig. 1.  

Abnormal regulation of these miRNAs in OSCC induces cell proliferation and anti-
apoptosis, promotes cancer metastasis and potentiates resistance to chemotherapy. miRNA-
regulated pathways in OSCC (Bo-hai Wua, Xue-peng Xiong et al. 2011). 

In the past, a great deal of focus has been placed on messenger RNAs (mRNAs) and their 
ability to act as biological markers in cancer. Recent studies have shown that miRNAs more 
accurately cluster different types of solid tumors than mRNA, suggesting that miRNAs may 
be an alternative early marker of malignancy (J, G et al. 2005) Furthermore, the extent of 
change in mRNA between cancer cells and normal cells is relatively small, whereas, many 
miRNAs exhibit large changes between normal and cancer cells (in the order of ten to 
hundred fold changes) hence potentially enhancing detection of differences.(Jinmai Jiang, 
Eun Joo Lee et al. 2005) 
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It has been reported that miRNAs may be less prone to degradation and modification than 
mRNAs due to their small size, hence allowing the use of formalin fixed paraffin embedded 
(FFPE) samples (Martina, Magotra Amber A. et al. 2008). There is thus a potential rich 
source of retrospective information available for comparative genomics and investigation of 
potential biomarkers that is likely to provide biological insights far more expeditiously than 
the prospective collection of frozen samples.  

Abnormal miRNA expression has been found in both premalignant and malignant cells 
(Clague j, Scott M. Lippman et al. 2010). Hence, there is a need for the investigation of 
miRNA expression in potentially malignant oral mucosal lesions as well as OSCC as 
deregulated miRNAs may be an early reliable marker for malignancy as well as a potential 
target for cancer prevention. Although there are no specific patterns of miRNA expression 
till date, certain core miRNAs should be considered in tumorigenesis of the head and neck 
region. This core set includes, mir -21, mir -205 and mir – 155 which have shown to be 
constantly upregulated (Tran, O'Brien et al. 2010).  

It is evident further investigations to elucidate a marker or markers of malignant potential 
are required to aid detection of malignant and pre-malignant lesions, as well as to better 
predict the prognosis of individuals with HNSCC. With the advent of accessible gene 
sequence information and high throughput genetic methods, genetic alterations may act as 
such a marker.  

3.4 Cytokines 

Cytokines are a group of small, mainly secreted proteins that affect the behaviour of cells in 
a diverse number of ways. The binding of cytokines to specific cytokine receptors can 
induce a number of activities in the cell, such as growth, differentiation, or death (Janeway 
CA 1996). Although most cytokines have pleotrophic effects, some are generally considered 
pro-inflammatory, such as interferon-gamma (IFN-γ), tumour necrosis factor-alpha (TNF-α) 
and interleukin-1beta (IL-1β) (Dinarello CA 1997), whereas others are associated with anti-
inflammatory effects, such as transforming growth factor-beta-1 (TGF-β1) (Ling EM 2002). 

Over the last 5 years or so, a considerable effort has been undertaken analysing the salivary 
proteome. There has been a very large number of non-redundant proteins recognised in 
saliva with one study (Scarano E 2010) reporting over 1400, while a further (Xiao H 2011) 
almost 2,000, reflecting the potency of salivary biomarker profiles in the identification and 
management of a range of diseases (Bandhakavi S 2009). Salivary biomarkers have the 
potential to serve as non-invasive, widely available screening tools that do not rely on the 
localization of a lesion for diagnosis. This advantage over other detection methods gives 
salivary biomarker screening the potential to identify patients with premalignant lesions.  

Of particular interest has been the use of salivary cytokine levels as markers of cell 
proliferation and oral cancer (Schapher M 2011) with the most studied cytokines including 
epidermal growth factor (EGF), interleukin 6 and 8, vascular endothelial growth factor 
(VEGF), interleukin 4 and 10, tumour necrosis factor (TNF) and endothelin. 

A large body of work has assess interleukin 6 (IL-6), a multifunctional cytokine that 
participates in the inflammatory and immune responses shown to directly promote the 
growth of certain types of cancer as well as being associated with an increased rate of 
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metastasis (St John MA 2004) (Brailo V, 2006 #143). Interestingly, IL-6 would appear to have 
different effects on different cell populations, stimulatory for some cell types, while 
inhibitory for others (Wang YF 2002) as well as demonstrable direct effect on cancer cells 
due to inactivation of the p53 tumour suppressor gene (Hodge DR 2005). Irrespective of the 
role of IL-6, there is an increasing body of evidence to support that there is higher level of 
IL-6 in saliva of patient with oral cancer as well as oral potentially malignant lesions, than in 
normal controls. In a recently trial of 29 consecutive patients being treated for oral cancer it 
was shown that these patients had much higher salivary concentration of IL-6 than in 
controls and that this concentration increased during the treatment period returning to 
baseline levels at discharge (Sato J 2010).  

Other studies however have assessed a panel of pro-inflammatory cytokines as makers of 
malignancy. In a recent study of levels of IL-1a, IL-6, IL-8, VEGF-a and TNF-a in saliva were 
measured using quantitative ELISA in a grop of 18 patinets with tongue SCC. These 
biomarkers were increased in patients with oral cancer, significantly increased in a sub-
group of patients with endophytic tongue cancer and IL-8 levels particularly shown to 
correlate with poor prognosis as well as controls who smoke and consumed alcohol daily 
(Korostoff A 2011). 

These findings indicate that salivary cytokine levels is very likely to provide useful 
information of epithelial behaviour and carcinogenesis and the potential of a panel of these 
cytokines being able to be used as a screening tool for oral cancer is currently underway, the 
results of which are eagerly awaited as this is likely to have a profound impact on the early 
detection of oral cancer and thus morbidity and mortality.  

3.5 Chemokines 

Chemokines are a superfamily of structurally related cytokines, which share an ability to 
chemotactically attract their target cells along a concentration gradient. It is through this 
ability that these molecules play an integral role in the migration of immune cells to areas of 
pathogen challenge. Chemokines also mediate the movements of cells to allow interactions 
between immune cells that are essential for mounting immune responses (Zlotnik A 2000).  

All chemokines are small proteins, ranging in weight from 6-14KDa. There are now over 40 
identified chemokines which can be classified into 4 main structural families, dependent 
upon the position of cysteine residues near the N-terminus. These families are the CC, CXC, 
C and CX3C, with the X denoting the number of amino acids between the cysteine residues 
(Olsen TS 2002). Nearly all chemokines are secreted from the site of production and they 
often bind with glycosaminoglycans (Hoogewerf AJ, Kuschert GS et al. 1997 Nov 4). It is 
thought that this is the method in which the chemokines form the concentration gradient 
that target cells migrate towards, as a higher concentration is formed on the connective 
tissue nearest the area of chemokine production.  

The function of chemokines can be subdivided into two main families; those that are 
induced after inflammatory stimuli, the inflammatory chemokines, and those produced 
constitutively in tissues, the homing chemokines (Kunkel EJ 2002). There appears to be some 
overlap between these chemokines as some of the inflammatory chemokines appear to be 
produced constitutively in some areas of the body (Izadpanah A 2001) and some of the 
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chemokines designated as homing chemokines can be upregulated by inflammatory stimuli 
(Morales J 1999)  .  

Although the detection of chemokine levels by enzyme-linked immunosorbent assay 
(ELISA) has become a sensitive and specific method to determine the chemokine profile in 
patient fluids, this does not fully represent the actual inflammatory conditions in vivo. 
Indeed, many chemokines are post-translationally modified by proteolytic cleavage, which 
can render an agonist more active, inactive or even convert the active chemokine into a 
receptor antagonist of the intact molecule (Struyf S 2003).  

A recent study analysed, using ELISA, the saliva of patients with oral cancer for the 
presence of both inflammatory chemokines (CXCL8, CXCL10 and CCL2) as well as 
homeostatic chemokines (CXCL4, CCL14 and CCL18) (Michiels K 2009). Patients with and 
without periodontitis were used as controls and it was found that H&N carcinomas give rise 
to a change in the chemokine composition of the oral fluid with a significant increase in 
CXCL8, CXCL10, and CCL14 before, but not after, therapy. However, the levels detectable 
by ELISA were very low and it is likely that more refined methods should indicate not only 
intact chemokines, but also those modified post-translationally. These authors conclude that 
it can be expected that specific truncated chemokines and the proteases involved are linked 
to a particular disease state and postulate that further proteomic analysis of biological fluids 
will help us to learn more about the pathogenesis of specific diseases and can provide 
solutions for new diagnostic and treatment options. 

4. Conclusion 
Oral cancer is a significant problem with low rates of mortality and an enormous impact on 
quality of life and morbidity. In the past this has been predominantly a disease of the elderly 
with known epidemiologic risk factors, however this appears to be changing. The principle 
recognized risk factor is smoking; however, there is growing evidence that the local effect of 
alcohol, most likely via its toxic metabolite acetaldehyde, may be increasing in importance. 
There is now evidence that alcohol containing mouthwash show similar oral acetaldehyde 
levels as recreational alcohol containing liquids. Further, these mouthwashes have been 
shown to have genotoxic effect in oral epithelial cells. Therefore be inadvisable for oral 
health care professionals to recommend the long-term use of alcohol-containing 
mouthwashes. 

Particular high-risk HPV sub-types are now known to be implicated in a large proportion of 
oro-pharyngeal cancers and these same sub-types are present in the oral cavity. It has been 
postulated that there is synergism of risk factors, such as smoking and alcohol consumption. 
As these previously under-recognized risk factors may be becoming of increasing important 
aetiological agents, there is therefore a need for the development and clinical validation of a 
simple salivary method for the assessment of risk of developing oral cancer that is not 
associated with smoking as this is likely to enhance the effectiveness of oral cancer screening 
services and improving oral cancer outcomes. Identifying a combination of salivary 
biomarkers that predict at- risk and cancerous states with sufficient sensitivity and 
specificity for widespread use will have a profound impact on improving the morbidity and 
mortality of the disease. 
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health care professionals to recommend the long-term use of alcohol-containing 
mouthwashes. 

Particular high-risk HPV sub-types are now known to be implicated in a large proportion of 
oro-pharyngeal cancers and these same sub-types are present in the oral cavity. It has been 
postulated that there is synergism of risk factors, such as smoking and alcohol consumption. 
As these previously under-recognized risk factors may be becoming of increasing important 
aetiological agents, there is therefore a need for the development and clinical validation of a 
simple salivary method for the assessment of risk of developing oral cancer that is not 
associated with smoking as this is likely to enhance the effectiveness of oral cancer screening 
services and improving oral cancer outcomes. Identifying a combination of salivary 
biomarkers that predict at- risk and cancerous states with sufficient sensitivity and 
specificity for widespread use will have a profound impact on improving the morbidity and 
mortality of the disease. 
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A number of cellular and molecular markers are currently under ongoing investigation to 
aid in the detection of early changes to aid in the detection of oral mucosal lesions with 
increased malignant potential. With the advent of accessible gene sequence information and 
high throughput genetic methods, genetic alterations may act as such a marker. 
Furthermore, there is evidence that salivary cytokine levels can provide useful information 
of oral epithelial behaviour and carcinogenesis and the potential of a panel of these 
cytokines being able to be used as a screening tool for oral cancer is currently underway, the 
results of which are eagerly awaited as this is likely to have a profound impact on the early 
detection of oral cancer and thus morbidity and mortality. Finally, further genomic and 
proteomic analysis of oral tissue, whether oral biological fluids or cells, will help us to learn 
more about the pathogenesis of oral cancer and it is anticipated that this will provide 
solutions for new diagnostic and treatment options. 
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Oral squamous cell carcinoma (OSCC) is a worldwide malignancy and is ranked the sixth 
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more than 650,000 cases worldwide will be diagnosed each year (Jemel et al., 2008). One 
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result of breakthroughs in the fields of molecular biology, cancer genetics, and cancer biology, 
is molecular targeted therapy. Patients with a head-and-neck squamous cell carcinoma 
(HNSCC) often develop multiple malignant lesions. The oral sites that give rise to the majority 
of HNSCCs undergo cornification and shed squames during terminal differentiation, a process 
that is impaired in malignancies. The lymph nodes of the head and neck region form the 
principle site of primary metastasis, and perineural invasion marks tumours with a poor 
prognosis. Genetic changes correlate with lymph node metastasis in SCC.  It is frequently 
observed that genetic damage persists beyond the histological border of precancerous lesions 
and tumours often develop far from the precancerous site (Braakhuis et al., 2003).  

The p53 gene is the most frequent target of genetic alterations being, mutated in half of 
human cancers (Nylander et al., 2000, Iwakuma et al., 2005). Loss of p53 function leads to 
enhanced accumulation of mutations in other genes and reduced apoptotic responses, 
processes important to cancer progression and response to treatments. Using laser capture 
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microdissection of tumour cells, p53 mutations were found in 100% of SCC (Agar et al., 
2004). The p53 gene is mutated in more than 70% of oral SCC (Kashiwazaki et al., 1997, 
Hassan et al., 2008). In this article, we demonstrate that p53 statuses were diverse in the oral 
SCCs and leukoplakias, which indicated independent origins of the tumors in the multiple 
cancers. It is necessary to individual follow-up to each precancerous lesions based on the 
molecular alteration by the molecular analysis.  However, the development of targeted 
approaches to OSCC requires understanding of the molecular pathogenesis of the disease, 
as well as further characterization of the specific molecular events involved in multiple 
cancers. The first part of this chapter will discuss on the molecular mechanisms of multiple 
carcinoma and the current status of targeted therapies directed toward critical molecular 
alterations in OSCC and the second part will evaluate a critical analysis of the various 
technological aspects of p53 analysis and the third part will present a case report with 
multiple carcinoma and molecular analysis of p53.  

2. Molecular pathogenesis of OSCC 
OSCC arises as a result of multiple molecular events that develop from the combined 
influences of an individual’s genetic predisposition and exposure to environmental 
carcinogens (Califano et al., 1996). Chronic exposure to carcinogens such as tobacco, alcohol, 
oncogenic viruses, and inflammation can damage individual genes as well as larger portions 
of the genetic material, including chromosomes. Accumulation of such genetic alterations 
can lead to the development of premalignant lesions and subsequent invasive carcinoma. 
These genetic alterations include mutations, amplification or translocation of oncogenes that 
promote cell survival and proliferation, as well as inactivation of tumor suppressor genes 
involved in the inhibition of cell proliferation. From these alterations of oncogenes and 
tumor suppressor genes, tumor cells acquire autonomous self-sufficient growth and evade 
growth-inhibitory signals, resulting in uncontrolled tumor growth. Tumor cells thereby 
escape programmed cell death and replicate infinitely through the immortalization process 
by telomere lengthening. As OSCCs grow, invade, and metastasize, new blood vessel 
formation is critical. OSCCs, like most tumors, are able to create a blood supply by 
stimulating endothelial cell proliferation and new blood vessel formation. During oral 
carcinogenesis, there is selective disruption of this process, such that pro-angiogenic factors 
predominate (Hanahan & Weinberg, 2000). This angiogenesis is an essential part of solid 
tumor formation. The subsequent progression of OSCC includes tissue invasion and 
metastasis. Invasion of adjacent normal tissue requires that cellular adhesion molecules, 
such as integrin and cadherins, are lost, to allow cancer cells to leave their primary site. 
OSCCs develop through a complex process, as mentioned above. Here, we discuss those 
processes involving genetic alteration during multistep carcinogenesis, growth regulation, 
apoptosis, immortalization, angiogenesis, invasion, and metastasis. 

2.1 Genetic alterations during development of OSCC 

Califano, Sidransky, and colleagues have developed a genetic progression model based on 
their studies of gene alterations in squamous cell carcinomas of the head and neck (SCCHN) 
(Sidransky, 1995; Califano et al., 1996). They found that the most common genetic alteration in 
SCCHN is loss of chromosomal region 9p21, which occurs in 70–80% of dysplastic lesions of 
the oral mucosa, suggesting that this loss is an early event in oral carcinogenesis (van der Riet 
et al., 1994; Califano et al., 1996; Mao et al., 1996a). This region of chromosome 9p21, known as 
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the CDKN2A locus, encodes the tumor suppressors p16 and p14ARF, which frequently are 
inactivated by promoter hypermethylation (Reed et al., 1996). Loss of the chromosome 3p 
region is another common early genetic alteration in oral carcinogenesis (Garnis et al., 2003; 
Masayesva et al., 2004). The chromosome 3p region includes FHIT (fragile histidine triad gene) 
and RSSFIA, tumor suppressor genes inactivated by exonic deletion and hypermethylation 
(Mao et al., 1996a; Kisielewski et al., 1998; Dong et al., 2003). Loss of heterozygosity (LOH) of 
chromosome region 17p and mutation of the p53 gene are genetic alterations that occur in the 
later stage of progression from dysplasia to invasive squamous carcinoma. Alterations of p53, 
including mutation or deletion, are associated with increased genomic instability in oral 
dysplasia and may accelerate the rate of genetic alterations in oral carcinogenesis. 
Amplification of 11q13 and overexpression of cyclin D1 have been described in 40% of cases of 
oral squamous dysplasia (Rousseau et al., 2001). In general, loss of chromosomal material at 
9p, 3p, and 17p is observed in relatively high proportions of dysplastic lesions, indicating that 
those events are early markers of oral carcinogenesis, whereas losses at 13q and 8p are 
observed more frequently in carcinomas than in dysplasia and are associated with later stages 
of carcinogenesis (Califano et al., 1996). 

2.2 Multiple carcinomas 

Individuals with one carcinoma of the head and neck region have an increased risk of 
developing a second malignancy (Schwartz et al., 1994); the frequency of that event varies 
from 16% to 36%. When a second malignancy occurs at the same time as the initial lesion, it 
is called a synchronous carcinoma. Metachronous neoplasm, on the other hand, is additional 
primary surface epithelial malignancies that develop in a later time period than the original 
tumor. About 40% of second malignancies of the upper aero digestive tract arise 
simultaneously and represent a synchronous tumor. The remaining multiple cancers in this 
population represent metachronous disease and usually develop within 3 years of the initial 
tumor (Schwartz et al., 1994). Second primary tumors are the chief cause of death in patients 
with an early -stage diagnosis (Hong et al., 1990). The tendency to develop multiple 
carcinomas in the upper aero digestive region is known as "field cancerization" (Slaughter et 
al., 1953). Prolonged and diffuse exposure to local carcinogens, particularly tobacco 
combined with alcohol, appears to increase the malignant transformation potential of 
exposed epithelial cells in the upper aero digestive tract and lungs (Franco et al., 1991). The 
overall risk for developing a second head and neck malignancy is 10 to 30 times higher in 
populations that use tobacco and alcohol than in the general population (Fijuth et al., 1992). 

2.3 Field cancerization 

Since the epithelial layer of the upper aero digestive tract is exposed to carcinogenic insult, 
such as tobacco products and alcohol, the entire area is at increased risk for the development 
of malignant lesions from the accumulation of genetic alterations of oncogenes and tumor 
suppressor genes. This led Slaughter and colleagues to develop a theory of "field 
cancerization", based on their extensive histological examination of dysplastic epithelium 
adjacent to invasive oral cancers; this dysplasia accounts for the relatively high incidence of 
second primary tumors in patients treated for OSCC (Slaughter et al., 1953). Many of these 
second primary tumors are associated with a lower rate of survival than the original tumor 
(Day et al., 1994; Cianfriglia et al., 1999). In this field cancerization model, multiple oral 
cancers develop from separate, independent cell clones, and this hypothesis has been 
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supported by data from chromosome X inactivation studies, microsatellite analysis, and p53 
mutational analysis (Bedi et al., 1996; Lydiatt et al., 1998; Tabor et al., 2002). More recent 
genetic analyses have shown, however, that second or multiple cancers distant from the 
abnormal fields can be clonally related and derived from expansion of an original clone 
(Braakhuis et al., 2003). 

To reconcile this finding, Braakhuis et al. proposed a progression model, in which a stem cell 
located in the basal cell layer of the epithelium acquires a genetic alteration and subsequently 
give rise to a clonal unit, consisting of the stem cell with its daughter cells, all of which share 
the DNA alteration. Next, this patch of cells progresses into an expanding field as a result of 
additional genetic alterations (Braakhuis et al., 2004). This mucosal field pushes the normal 
epithelium aside and can expand to a size of several centimeters. These fields are often 
macroscopically undetectable, but they can also appear as oral lesions such as leukoplakia or 
erythroplakia. Ultimately, clonal selection leads to the development of carcinoma within this 
field of preneoplastic cells. The mechanism of this clonal expansion may be intra-epithelial 
migration of transformed cells or inoculation through saliva. 

From these data, it has become clearer that the multifocality of oral carcinogenesis is an 
important cause of treatment failure in oral cancer. Although primary excision can 
completely remove an oral carcinoma, the altered field may remain, and the patient can 
develop a second primary tumor nearby, in the same field, that may be clinically 
indistinguishable from a local recurrence. Understanding of this field cancerization concept 
led Hong, Lippman, and other investigators to develop a strategy called ’chemoprevention’, 
in which systemic therapy is administered with the intent of preventing epithelium from the 
entire upper aero digestive tract from progressing along the multistep pathway of 
carcinogenesis (Lippman et al., 2005). 

2.4 Tumor suppressor genes 

Tumor suppressor genes encode proteins that typically transduce negative growth-regulatory 
signals (Weinberg, 1991). These genes are often involved in cell-cycle regulation, including 
cell-cycle arrest and apoptosis. Unlike oncogenes, which can be activated by mutation of only 
one of the two gene copies, tumor suppressor genes are inactivated by any of several 
mechanisms, including point mutations and/or deletion, in both alleles of the gene, in a "two 
hit" fashion (Knudson, 1977; Vogelstein & Kinzler, 1993; Yokota & Sugimura, 1993). Once these 
genes are inactivated, the cell escapes tight cell-cycle control, predisposing it to uncontrolled 
growth and division, which contributes to the malignant phenotype (Levine, 1997). 

2.4.1 p53 

p53 is a tumor suppressor gene, located on chromosome 17p13.1, which plays a role in cell-
cycle progression, cellular differentiation, DNA repair, and apoptosis. A major function of 
p53 is to serve as a guardian of the genome. Endogenous or exogenous stresses, such as 
DNA damage, hypoxia, and oncogene activation, increase p53 levels, leading to cell-cycle 
arrest that enables DNA repair to occur (Hartwell & Kastan, 1994). The induction of p53 
expression can also occur through oncogenic stimulation that leads to p14ARF activation 
(Vogelstein et al., 2001) or DNA double-strand breaks that activate the ATM/Chk2-
dependent pathway (Levine, 1997). p53 is the most commonly mutated gene and is altered 
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in over 50% of all cancers, including 25–70% of oral cancers (Levine et al., 1991; Kashiwazaki 
et al., 1997, Baral et al., 1998). Most TP53 alterations are missense mutations, localized in the 
DNA-binding domain, and abolish the transcriptional activity via p53-responsive elements. 
The residues such as R175, G245, R248, R249, R273 and R282 in the p53 protein are 
frequently mutated, and are therefore called “hot spots (Brachmann et al., 1996).  

Immunohistochemical positivity or various mutation analyses of the DNA-binding domain 
of p53 are known to be useful markers for predicting prognosis of patients with oral SCC 
(Hassan et al., 2008, Yamazaki et al., 2003, De Vicente et al., Marx et al., 2007). Mutation most 
often occurs at a ‘hot spot’ region from codon 238 to codon 248 (Somers et al., 1992; Hainaut 
et al., 1998; Kropveld et al., 1999) and causes defects in the binding of specific DNA 
sequences and the transactivation of genes whose expression is up-regulated by the wild-
type protein (Vogelstein et al., 2001). Some human tumor-associated p53 mutants possess 
unique properties not found in the wild-type protein (Sigal & Rotter, 2000). Based on 
functional interactions with the remaining wild-type (WT) p53 allele, the p53 mutations are 
classified into two types, recessive and dominant-negative (DN) mutations. The most 
frequent p53 mutations are dominant negative (DN). Such "gain of function" activities 
include the ability to transform cells, increase tumorigenicity, and modulate the sensitivity 
of cancer cells to drugs (Sigal & Rotter, 2000; Song & Xu, 2007). We have found that oral SCC 
patients with DNp53 mutations have a significantly worse outcome than patients with 
recessive mutations, in terms of recurrence free survival [Hassan et al., 2008]. This has also 
been noted in other cancers (Marutani et al., 1999; Sakuragi et al., 2005). The over-
representation of DN mutants, accounting for about 27% of all p53 mutations (6414 of all 
23,544 in the IARC database R11), suggests an advantage for tumour development of the 
cancer cell harbouring a DN mutation. But why does this occur? The mechanism responsible 
for the poor clinical outcome in DNp53 mutants is unknown at present. One explanation is that 
the DNp53 allele suppresses the remaining wild-type p53 allele, promoting tumour 
progression. Another explanation is that DNp53 mutant proteins often possess a gain-of-
function (GOF) related to malignancy, other than transdominance over WT p53 function. 
Indeed, some DN p53 mutants are known to bind to other transcription factors and to 
transactivate or repress specific target genes, such as MYC (Frazier et al., 1998), MDR-1 
[Sampath et al., 2001], CD95 (Fas/APO-1) (Zalcenstein et al., 2003) and EGR1 (Weisz et al., 
2004). It is important to understand malignant properties acquired by GOF activity in each 
mutation to enable better use of genetic information for diagnosis and therapy. Interestingly, we 
recently showed that different p53 mutants have a different quality in gain-of-function (GOF) 
activities even for different mutations occurring at the same codon (Yoshikawa et al., 2010).  

Even in the absence of p53 mutations, p53 function can be inactivated by other mechanisms, 
such as infection with an "oncogenic" human papillomavirus type, such as HPV16 or 
HPV18. In HPV-positive SCCHN, p53 interacts with the E6 protein, which leads to increased 
ubiquitin-dependent proteolysis of p53 (Min et al., 1994; Nagpal et al., 2002). Another 
mechanism of p53 inactivation is elevation of expression of the MDM2 protein, which binds 
to p53 and promotes ubiquitination of the C-terminus of p53 and subsequent degradation 
(Oliner et al., 1993). p14ARF interacts with MDM2, preventing association of p53 and MDM2 
and thereby stabilizing p53 (Pomerantz et al., 1998). Therefore, degradation of p53 may be 
inappropriately stimulated by over expression of MDM2 or by deletion or epigenetic 
silencing of p14ARF. 
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p53 mutations commonly arise as a result of alcohol and/or tobacco exposure, and their 
presence is associated with the early recurrence and development of second primary tumors 
(Shin et al., 1996). Wild-type p53 gene therapy has been attempted in preclinical studies and 
in clinical trials in heavily treated patients. These studies demonstrated the feasibility of 
delivering the wild-type p53 gene to human tumors and yielded some clinical response and 
induction of apoptosis in the tumors (Clayman et al., 1998, 1999). However, difficulty in 
obtaining uniform delivery of the gene throughout the tumor has limited the utility of this 
therapeutic strategy. Other reports have demonstrated associations between p53 mutation 
and unfavorable responses to chemotherapy or radiation therapy (Temam et al., 2000; 
Warnakulasuriya et al., 2000).  

Inactivation of the p53 gene is essentially due to small mutations (missense and nonsense 
mutations or insertions/deletions of several nucleotides), which lead to either expression of 
a mutant protein (90% of cases) or absence of protein (10% of cases). No inactivation of p53 
gene expression by hypermethylation of transcription promoters has been demonstrated at 
the present time, which supports the hypothesis of a function for p53 mutants. We can 
analyse p53 gene alteration in cancer in different way.  

3. Analyse p53 gene alterations in cancers 
3.1 Molecular analysis 

Direct sequencing of the p53 gene after PCR amplification remains the “Gold Standard” of 
molecular analysis. For the p53 gene, this approach is facilitated by the fact that the 10 
coding exons are smaller than 350 bp and can therefore be easily amplified individually. 
Mutations involving partial or total gene deletions are relatively rare. Unfortunately, 
although considerable progress has been made in the field of DNA sequencing in terms of 
throughput, its sensitivity still remains limited. The major problem of molecular analysis of 
tumour specimens is the presence of normal cells (lymphocytes, stromal cells) that 
contaminate the tumour samples. According to the type of tumour or the type of sample, the 
rate of contamination can range from several percent (surgical tumour sample) to 50% 
(biopsies) or even more than 95% (urine, stools or bronchial lavage). It is generally accepted 
that direct sequencing requires at least 20% of mutant alleles, but this can vary considerably 
according to the quality of the sample. This qualitative aspect is generally underestimated. 
The quantity and quality of DNA obtained varies considerably according to the origin of the 
sample (frozen tumour, formalin- or paraffin-embedded tissues). This variability can lead to 
the generation of PCR artifacts, which can be falsely interpreted as mutations. In the case of 
heavily contaminated samples, microdissection can be performed in order to enrich the 
tumour cell content, but this complicates the manipulations and cannot be performed 
routinely at the present time. The application of molecular technologies to routine analysis 
in hospital is a very important aspect. Many extremely sensitive molecular analysis 
methodologies have been developed, but their clinical application is generally limited 
because of the complex installation, their low throughput, the use of radioactivity or the 
need for highly qualified personnel. 

Up until now, molecular analyses have been performed on exons 5-8 of the p53 gene, as the 
majority of mutations are located in these regions. It is generally established that 90% of 
mutational events are missense mutations leading to the synthesis of an abnormal protein 
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that is not degraded and which accumulates in the nucleus of tumour cells. The remaining 
10% of mutational events are nonsense mutations or small deletions that do not lead to 
accumulation of p53. This type of mutation excludes the possibility of using molecular 
methodologies such as PTT (Protein truncature test) based on expression of truncated 
proteins. More recently, molecular studies have been extended to the other exons, as exons 
4, 9 and 10 have been found to contain a considerable number of mutations (about 15%) 
(Soussi & Béroud, 2001). Analysis of molecular events also shows a high proportion of 
nonsense mutations in these exons. Analysis of the latest version of the p53 gene mutation 
database shows that about 20% to 25% of mutations do not lead to the synthesis of a p53 
protein. These mutations also present a marked variability as a function of the type of 
cancer: they are more frequent in lung cancers and breast cancers than in colon cancers 
(Soussi & Béroud, 2001). 

About 280 of the 393 codons of the p53 gene can be affected by a mutation. Furthermore, as 
each codon comprises 3 bases, which can each be altered generating a different amino acid, 
there are a very large number of theoretical combinations. 1,300 different variants have been 
identified in the p53 mutation database, which comprises more than 15,000 mutations 
derived from as many tumours (Béroud et al., 2000). 

Many prescreening methodologies have been used to increase the sensitivity of detection of 
mutations and to concentrate the sequencing exclusively on the mutant exon. Unfortunately, 
many of these methods, possibly with the exception of DHPLC (denaturing high- 
performance liquid chromatography), remain confined to specialized laboratories and the 
sensitivity of detection of some of them is incompatible with the needs of clinical diagnosis. 
However, they present the advantage of being able to detect mutations in samples heavily 
contaminated by normal DNA. 

3.2 Immunohistochemical analysis 

Immunohistochemical studies concerning p53, as for other markers, suffer from a lack of 
standardization, leading to very heterogeneous results. The sources of heterogeneity are 
multiple: i) the various antibodies used; ii) methodological aspects (amplification, epitope 
unmasking); iii) the initial material (paraffin block, frozen tumour) and storage conditions; 
iv) the positive cut-off value, which can vary from 1% to 20% according to the authors; and 
v) individual variability of interpretation of the results (McShane et al., 2000; Schmitz-
Drager et al., 2000). 

Nonsense or frame shift mutations do not lead to accumulation of p53 protein. This is 
certainly due to instability of truncated proteins, which are generally not detectable despite 
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3.3 Serological analysis of p53 gene alterations 

Since 1992, a new series of studies has shown that p53-Abs can be found in the serum of 
patients with various types of cancer, whereas the prevalence of these antibodies in the 
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normal population remains very low. To date, the majority of published studies suggest that 
most patients with p53 antibodies have a p53 mutation leading to p53 accumulation. It is 
also clear that not all patients with a p53 alteration develop p53 antibodies. Comparison of 
the frequency of p53 alterations in the literature indicates that 30% to 40% of patients with 
an alteration of the p53 gene develop p53 antibodies (Lubin et al., 1995a). 

The majority of the literature clearly demonstrates the specificity of this serological analysis, 
as such antibodies are very rare in the normal population. The specificity of this assay can be 
estimated to be 95%. This high specificity is supported by the fact that p53 specifically 
accumulates in the nucleus of tumour cells after gene mutation. One of the disadvantages of 
this assay is its lack of sensitivity, as only 20% to 40% of patients with p53 mutations 
develop p53-Abs. This lack of sensitivity totally precludes the use of the assay to evaluate 
p53 alterations in human tumour. Nevertheless, if we estimate that there are 8 million 
patients with various types of cancer throughout the world, and 50% of them have a 
mutation in their p53 gene, then we can deduce that about 1 million of these patients would 
have p53- Abs. 

3.4 FASAY functional assay 

FASAY (Functional Assay in Yeast) is used for the detection of mutations in tumour samples 
(Flaman et al., 1995; Ishioka et al., 1993). Here cDNA obtained from tumour RNA. PCR 
amplification of this cDNA, using primers corresponding to codons 52to 364 (68% of exons 4 
to 10), followed by introduction of the PCR product into an indicator yeast, where it 
recombines with an expression vector, can be used to define the transactivating activity of 
the protein expressed. Red yeast colonies express mutant p53, while white colonies express 
wild-type p53 (Fronza et al., 2000). The amplified region corresponds to 95 % of the 
mutations identified to date, which makes FASAY a very good approach for exhaustive 
analysis of p53 gene mutations. All alterations leading to absence of RNA expression will 
obviously not be detected, but this is a relatively rare situation for p53. The only criticism 
that can be formulated in relation to this methodology is that it provides no information 
about the type of mutation, so that sequencing must always be performed subsequently. As 
sequencing is performed on DNA extracted from red colonies (mutant p53), problems of 
sensitivity are eliminated. This methodology can also be used to demonstrate splicing 
alterations. Waridel et al. have modified the FASAY technique to increase its sensitivity and 
robustness (Waridel et al., 1997).  

In addition, the DN potential of the detected p53 mutant was tested using a yeast-based 
transdominance assay as described previously (Marutani et al., 1999). Briefly, yIG397 was 
transformed with both a plasmid with wild-type p53 and a plasmid with the mutant p53 that 
had been sequence-verified. For each transformation, 50 μl of yeast suspension were mixed 
with 100 ng of pTSHP53 (Trp 1 marker), 100 ng of mutant p53-containing pSS16 (Leu 2 
marker), 50 μg of sonicated single-stranded salmon sperm DNA and 300 μl of LiOAc 
containing 40% polyethylene glycol 4000. The mixture was incubated at 30 °C for 30 min 
and heat-shocked at 42 °C for 15 min. Yeast was then plated on SD medium minus leucine 
and tryptophan, but with a limited amount of adenine (5μg/ml). The plates were then 
incubated for 48 hr in a 30 °C-humidified atmosphere. Double-transformant clones (Leu+, 
Trp+) giving rise to white (Ade+) or pink/red (Ade−) colonies were interpreted as expressing 
recessive and DN mutant, respectively. 
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Recently, we used this approach to detect p53 gene mutations in biopsies containing only 
5% of tumour cells (Fouquet et al., 2004). These mutations could not be detected by direct 
sequencing. In addition to this high level of sensitivity, the FASAY technique also presents 
the advantage of being simple and robust. FASAY avoids selecting active variants (see 
below for problems related to this biological activity). It also has the advantage of being the 
only method able to rigorously demonstrate codon 72 polymorphism linked to the mutant 
allele (see beginning of the chapter for the significance of this polymorphism) (Tada et al., 
2001). The cloning and sequencing of cDNA in the indicator yeast provide a non-fragmented 
molecule corresponding to the initial RNA expressed by the p53 gene. New indicator yeasts 
allowing more accurate evaluation of p53 activity have been developed. It remains to be 
seen whether the use of these yeasts can help to increase the sensitivity of this test. 

4. Case report 
This study reported on a patient with multiple primary carcinomas, consisting of five 
separate carcinomas and three leukoplakias of the head and neck region. To determine 
whether the individual head and neck carcinomas were of multiple origins but genetically 
related, or whether they were metastases, analysis of p53 mutation by yeast functional assay 
and subsequent sequencing analysis were performed. The yeast p53 functional assay tests 
the ability of p53 to activate transcription in vivo in yeast (Flaman et al., 1995). It was 
demonstrated that the p53 status is diverse in oral SCCs and leukoplakias, suggesting that 
the tumours in a multiple carcinoma may have independent origins. 

A 67-year-old man was referred to the Outpatient Clinic of Hokkaido University Dental 
Hospital in September 2003. He had an ulcerative lesion at the right (lesion 1) and left (lesion 
2) lower gingiva and left side of the tongue (lesion 3) with a continuous dull pain in the 
most part of the mandibular area. He also had white patches (leukoplakia) in the upper left 
(lesion 4) and right (lesion 5) gingiva and left side (lesion 6) of the buccal mucosa (Figure 1).  

 
Fig. 1. Preoperative state of the tumors. Arrows indicate cancerous ulcerations; on left side of the 
tongue (a), right side of the lower gingiva (b) and left side of the lower gingiva (c). Circles indicate 
leukoplakic lesions in the right (d) and left upper gingiva (e) and left side of buccal mucosa (f).  
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Fig. 2. Histopathology of the biopsy specimens corresponding to the lesions in Figure 1. 
Well differentiated squamous cell cancers (a, b, c), and leukoplakias (d, e, f) showing 
hyperkeratosis with low grade dysplasia but no evidence of malignancy (H&E stain, bar 
indicates 100 micrometer) 

He had a long history of cigarette smoking (20 cigarettes a day) and alcohol intaking (beer 
500 ml + sake 300 ml a day) for about 48 years. Family history was unremarkable except that 
his mother had died of gall bladder carcinoma. Physical examination disclosed hard 
swelling of sub-mandibular lymph nodes at both sides of the neck: one at the right sub-
mandibular, two in the right jugulo-digastric area, two in the left submandibular and one in 
the left jugulo-digastric area. Magnetic resonance imaging (MRI) revealed ill-defined, 
hypointense masses in the lower right and left gingival regions and in the left side of the 
tongue. Both lesions in the gingival regions showed invasion of the medial surface of the 
mandible and extension into the bone marrow (Figure 3).  

 
Fig. 3. T1- weighted coronal (A) and axial (B) magnetic resonance images showing ill-
defined, hypo-intense masses surrounded by a Gd-enhanced outer margin in left side of the 
tongue (a), right molar region (b), and the left molar region (c). 
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After being admitted to the Department of Oral Maxillofacial Surgery, the patient received 
40 Gy preoperative irradiation in 20 sessions over 4 weeks along with chemotherapy 
consisting of CDDP (6 mg/m2, four times a week) and TXT (15 mg/m2, once a week). 

 
Fig. 4. A, A representative result of the yeast p53 functional assay. Colonies containing 
mutant- type p53 are red due to accumulation of ADE2 substrate, while colonies containing 
wild type p53 are white. Tumor specimen (left side of the tongue) gave 62.5% red colonies, 
indicating 62.5% p53 mRNA in the tumor specimens were mutant.  
B, Sequence chromogram of the p53 cDNA recovered from a red colony. Wild-type 
sequence was CGT GAG CGC TTC GAG ATG TTC, in which the underlined  glutamic acid 
changed into a stop codon at the codon 336 (GAG > TAG). 

In December 2003, removal of the tumours and radical neck dissection were carried out 
under tracheostomy and general anaesthesia. Resection of the left half of the tongue and 
segmental resection of the most part of mandible body were performed. The mandible was 
reconstructed with titanium plates and the defects of the oral mucosa were repaired with 
rectus abdominis myocutaneous free flap. After the surgery, the patient was observed 
without adjuvant therapy. Lesions 1, 2 and 3 were pathologically diagnosed as squamous 
cell carcinomas. The final TNM staging was pT4N2cM0. The patient was discharged in May 
2004. Four months after discharge, he was admitted to a local hospital for terminal care, 
where he died of sudden severe bleeding due to a locally recurrent invasive tumour. The 
histopathological study of the surgical specimens confirmed that lesions 1 and 3 were well -
differentiated SCC, while lesion 2 was a moderately differentiated SCC. Leukoplakias 
(lesions 4, 5 and 6) showed hyperkeratosis with a low-grade dysplasia but no evidence of 
malignancy (Figure 3, Table I).  
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Table 1. p53 mutational status and HPV status. 

Specimens of the tumors and leukoplakic lesions were subjected to yeast functional assay. 
The yeast assay which screens human p53 function in yeast is now described (6). The 
reporter yeast strain (yIG397) contains an integrated plasmid with the ADE2 open reading 
frame under the control of a human p53-responsive promoter. When the strain is 
transformed with a plasmid encoding mutant p53, the yeast strain becomes defective in 
adenine synthesis due to a mutation in the endogenous ADE2 gene. Therefore, colonies 
expressing mutant p53 are red, whereas colonies expressing wild-type (WT) p53 become 
white. In this system, when more than 20% of colonies are red the sample is considered 
positive for a p53 gene mutation (Kashiwazaki et al., 1997) and plasmids recovered from at 
least five red colonies are sequenced for verifying the presence of clonal mutation(s). p53 
mutation was observed in two of the three SCCs and one of the three leukoplakias. In the 
SCCs, one missense mutation (lesion 1) at codon 285 (GAG>AAG, Glu>Lys) and one 
nonsense mutation (lesion 3) at codon 336 were observed. In the leukoplakias, one missense 
mutation (lesion 5) at codon 273 (CGT>CAT, Arg>His) was observed (Table I). All 
mutations were identified as clonal because the sequences from the five red colonies were 
identical. These results showed that two of the three mutations were G to A transition, being 
consistent with the record in the IARC TP53 database (http; //www.p53.iarc.fr), showing 
that the G: C to A: T transition is the most prevalent in oral SCCs in smokers (detailed in 
Discussion).  

In addition, to detect human papillomavirus (HPV) infection of SCC samples, genomic DNA 
extracted from the tumour specimens was tested by multiplex PCR (8). No HPV infection 
was detected in any form of HPV subtypes (genotypes 6, 11, 16, 18, 30, 31, 33, 35, 39, 45, 51, 
52, 56, 58, 59, and 66) (Table I). 

SCC is thought to progress through a series of well defined histopathological stages that run 
parallel to specific genetic changes.  Patients with primary malignancy (especially in the 
head and neck (HN) area) are at high risk for developing additional primary malignancies. 

*Rt, right side; + Lt, left side; ?  SCC, squamous cell carcinoma; # Mutated Codon, codon number, wild type codon 

(amino acid) > mutant codon (substituted amino acid) 

Lesion  
ID 

Location Size HPV 
infection 

Histological type Red colony 
% 

p53 status 
 

Mutated Codon # 
 

a Tongue 
3.9 x 1.7cm 

Negative 
 

SCC?  
 

62.5 
 

Mutant 
 

336 GAG (E) > TAG (STOP) 
 

b Rt* lower gingival 
3.0 x 3.2 cm 

Negative 
 

SCC 
 

64.6 
 

Mutant 
 

285 GAG (E) > AAG (K) 
 

c Lt+ lower gingival 
2.0 x 2.2 cm 

Negative 
 

SCC 
 

4.3 
 

Wild type  

d Rt upper gingival 
2.0 x 2.0 cm 

 Low grade dysplasia 53.4 
 

Mutant 273 CGT (R) > CAT (H) 
 

e Lt upper gingival 
1.0 x 1.0 cm 

 Low grade dysplasia 9.5 
 

Wild type 
 

 

f Rt buccal mucosa 
2.0 x 2.5 cm 

 Low grade dysplasia 
 

16.4 
 

Wild type 
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The oral cavity presents a field, which, if exposed to carcinogens may allow multiple 
precancerous and tumorous lesions to develop synchronously and metachronously.  
Generally multiple primary tumors are encountered in 3-5% of malignant tumors.  They are 
most often met with secondary malignant tumors; triple tumors occur in 0.5%, quadruple 
tumors in 0.3% of malignant tumors (Moertel et al., 1958). 

The criteria for diagnosing multiple primary tumors are (a) each of the tumors must present 
a definite picture of malignancy, (b) each must be distinct, (c) the probability that one may 
be a metastatic lesion from the other one must be excluded and (d) tumors are multicentric 
when they are formed at the same site and have the same histological type (Moertel et al., 
1977).   The histological verified cancers (SCC) in the present case were proven distinct by 
the MRI findings (Figure 3) and macroscopic findings during surgery. It was impossible to 
exclude the possibility that the tumors might be metastatic or dissemination from one tumor 
by image diagnosis or pathological findings.  The different p53 mutations were found in the 
tumors (Table 1), which, strongly suggested that the tumors were of different clonal origins.  
Therefore, the tumors in the present case were defined multiple and multicentric, fulfilling 
the above criteria (a) to (d).  

It is widely accepted that alterations in multiple oncogenes and tumor suppressor genes are 
the genetic basis for human carcinogenesis (Weinberg et al., 1989).   The p53 gene is the most 
frequent target of genetic alterations, being mutated in half of human cancers.  The p53 
mutation usually shows clonality in a cancer and therefore suggests that the mutation has 
occurred in the very beginning stage of carcinogenesis, which is likewise in oral SCC 
(kashiwazaki et al., 1997).  It means that distinct clonal p53 mutation works as a molecular 
tag that denies the metastatic dissemination of a single-tumor-origin cells (Tjebbes et al., 
1999). This was seen in the present case, as the yeast functional assay and sequence analysis 
showed a distinct but the same (clonal) mutational status in each SCC: 285K in Lesion 1, 
wild-type p53 in Lesion 2, 336X in Lesion 3.  In addition, other genetic alterations such as 
PTEN or PIK3CA can activate p53-dependent growth suppression in human cells (kim et al., 
2007).  So, it has been considered that the other gene alterations are also involved in wild 
type p53 (lesion 2). 

The sequences of appearance of multiple tumors is defined as simultaneous (all malignant 
tumors are observed at the same time), as synchronous (the second tumor appears within 6 
months after the first), or metachronous (the multiple tumor is diagnosed more than 6 
months after the recognition of the previous one (Németh et al., 1999).  In our case, 
according to the patient statement, three SCCs and leukoplakias of the oral cavity developed 
within six months.  Different p53 mutation and histology proved their distinctness.  So that 
our patient fulfilled the criterion of synchronous multiple primary malignant neoplasm. 

Most of the multiple oral carcinomas are associated with leukoplakia, (Moertel et al., 1977) 
however, in pre-malignant lesion p53 alteration has not been described frequently 
(kashiwazaki et al., 1997).  Perhaps tobacco uses as in the present case have a high incidence 
of p53 mutations.12  We can explain by that way the p53 gene alteration has occurred before 
the carcinogenetic change.  In the present case, we also found in each leukoplakias: wild-
type p53 in lesion 4, 273H in lesion 5, and wild type p53 in lesion 6 (Table 1). 

The concept of field cancerization is to explain that have strong tendency those who are 
exposed repeatedly to carcinogenic factors such as tobacco and alcohol, to develop multiple 
primary tumors, being consistent with the present case.  Mutations of p53 gene occur during 
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early stages in the development of HN SCCs because they are already present in 
premalignant lesions (Lazarus et al., 1995).  In our study, we found hot spot p53 mutation in 
codon 273 in one leukoplakia.  It has been shown that the malignant potential of leukoplakia 
is as high as 23-38% (Silverman et al., 1984); hence mutations of p53 gene may be indicative 
of the potential of these lesions to develop into SCC.  G to A transition is the predominant 
mutations observed in oral SCCs caused from tobacco (tobacco specific N-nitrosomines) 
(IARC database new version12, p < 0.002) (Shin et al., 1994; Petitjean et al., 2007). The most 
prevalent type of p53 mutation is G: C to A: T transitions found in our study were double 
times within three mutations.  The rest one mutation G: C to T: A transition was also found 
in our study, which is also frequently mutated in tobacco smokers, although it is not 
significant in IARC data (p < 0.11). The overrepresentation of DN mutants, accounting for 
about 27% of all p53 mutations (6414 of all 23,544 in the IARC database R11) and suggests an 
advantage of the cancer cell harbouring a DN mutation in tumour development. In this 
study we found R273H mutant, which is the most common hotspot DN mutations to the 
IARC TP53 database (release 11, containing a total of 1093 oral SCC). Studies using mouse 
models of Li-Fraumeni syndromes have reported gain of functions in R175H and R273H 
mutants (Lang et al., 2004), which were identified as DN mutants in our study (Hassan et al., 
2008). R248W and R273 H mutants interfere with recruiting MRE11-RAD50- NBS1 (MRN) 
complex to the site of DNA damage, leading to inactivation of ATM (Song et al., 2007). It 
further enhances genomic instability, which is caused by the loss of p53 function. The gain 
of-function property of p53 mutants is considered to lend further malignant phenotypes to 
the tumour cells, such as enhancement of tumourigenicity, metastatic potential and therapy 
resistance and also new function in conferring the increased cell growth and inhibition of 
apoptosis (Dittmer et al., 1993; kim et al., 2004; Wong et al., 2007). 

Some tumors including oral cancer, inherit gene mutation (Patrikidou et al., 2002) but there 
are no published reports of germ line p53 mutation.  To single out the specific cause of 
multiple primary malignant tumors is difficult.  It is possible that exposure to carcinogens 
capable of causing multiple genetic abnormalities could develop cancers independently each 
other throughout the entire anatomic region. 

5. Future directions 
A longer follow-up in a larger number of patients would further confirm and strengthen the 
usefulness of DN p53 mutation as a predictor of early recurrence in oral cancer. It should 
warrant further investigations regarding specific types of DN p53 mutations in relation to 
the prognosis and responses to therapy in patients with oral SCC. In addition, identification 
of the dominant-negative property of p53 mutation may be useful for tailoring the treatment 
of oral cancer. Readers can refer to the database for all the known DN p53 mutation at- 
http://www.igm.hokudai.ac.jp/crg/DNbase/DNp53.html. 

6. Conclusions 
Multiple cancers can occur after successfully treating tumors. Genetic analysis of one patient 
who had simultaneously three SCCs and three dysplasia lesions provided important 
information on molecular mechanisms of oral cancer development and for its therapeutic 
strategy. In this particular case, p53 mutation was observed in two of three SCCs and one of 
the three dysplasias. and these three mutations were at different sites in the p53 gene. These 
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models of Li-Fraumeni syndromes have reported gain of functions in R175H and R273H 
mutants (Lang et al., 2004), which were identified as DN mutants in our study (Hassan et al., 
2008). R248W and R273 H mutants interfere with recruiting MRE11-RAD50- NBS1 (MRN) 
complex to the site of DNA damage, leading to inactivation of ATM (Song et al., 2007). It 
further enhances genomic instability, which is caused by the loss of p53 function. The gain 
of-function property of p53 mutants is considered to lend further malignant phenotypes to 
the tumour cells, such as enhancement of tumourigenicity, metastatic potential and therapy 
resistance and also new function in conferring the increased cell growth and inhibition of 
apoptosis (Dittmer et al., 1993; kim et al., 2004; Wong et al., 2007). 

Some tumors including oral cancer, inherit gene mutation (Patrikidou et al., 2002) but there 
are no published reports of germ line p53 mutation.  To single out the specific cause of 
multiple primary malignant tumors is difficult.  It is possible that exposure to carcinogens 
capable of causing multiple genetic abnormalities could develop cancers independently each 
other throughout the entire anatomic region. 

5. Future directions 
A longer follow-up in a larger number of patients would further confirm and strengthen the 
usefulness of DN p53 mutation as a predictor of early recurrence in oral cancer. It should 
warrant further investigations regarding specific types of DN p53 mutations in relation to 
the prognosis and responses to therapy in patients with oral SCC. In addition, identification 
of the dominant-negative property of p53 mutation may be useful for tailoring the treatment 
of oral cancer. Readers can refer to the database for all the known DN p53 mutation at- 
http://www.igm.hokudai.ac.jp/crg/DNbase/DNp53.html. 

6. Conclusions 
Multiple cancers can occur after successfully treating tumors. Genetic analysis of one patient 
who had simultaneously three SCCs and three dysplasia lesions provided important 
information on molecular mechanisms of oral cancer development and for its therapeutic 
strategy. In this particular case, p53 mutation was observed in two of three SCCs and one of 
the three dysplasias. and these three mutations were at different sites in the p53 gene. These 
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findings indicate that p53 mutations occurs even at a precancerous lesion and that 
precancerous and cancerous lesions have different genetic backgrounds for their 
development. Depending on the molecular findings, we should make a multidisciplinary 
plan for multiple cancer patients, which will give a valuable insight in future cancer 
prognosis.  We should take extra care with awareness of a patient with risk factors of 
carcinogenesis. It is further necessary to monitor the effects of single p53 mutation- 
transduction on a global gene expression by using a cDNA microarray or a tilling array 
combined with chromatin-immunoprecipitation in order to discover the molecules 
responsible. Such case provides useful information for predicting the risk for multiple 
cancers. A more detailed understanding of the p53-related mechanisms that lead to cancer 
will contribute to the development of more effective, tailored intervention strategies. In 
particular, detailed information of the p53 status, including transdominancy and GOF 
activity is expected to be useful for diagnosis and therapeutic strategy fitting each 
individual patient with multiple carcinomas. Elucidating its role and targets in DNp53 
function in cancer cells will open up a new avenue for treatment design in the coming years. 
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1. Introduction 
Oral cancer has become a global health problem (Parkin, 2005; Gillison, 2007) and its 
increasing incidence and mortality rates are particularly relevant in certain parts of Europe 
(France, Hungary, Spain and Croatia), Brazil, and South-Eastern Asia (Sri Lanka, Pakistan, 
Bangladesh and India) (Warnakulasuriya, 2009). These geographical variations seem to 
reflect disparities in tobacco, areca nut and alcohol consumption (Warnakulasuriya, 2009). 
Worldwide, oral cancer has one of the lowest survival rates that remains unaltered despite 
recent therapeutic advances. Young adults seem to be growingly affected by tongue cancer 
in Brazil, several European countries and USA (Llewellyn, 2004). However, current reports 
describe a trend –more marked for tongue carcinomas- towards improved survival at each 
stage and at all ages but ≥75 years (Pulte, 2010).  

Search for prognostic markers for oral cancer has been extensive and thorough with diverse 
results: age, gender, immunological or nutritional status, size and location of the tumour, 
disease stage, nodal status, oncogene expression, proliferation markers, or DNA content 
have been allocated independent prognostic value (Johnson, 1996); but tumour stage at 
diagnosis remains the most important prognostic maker for oral squamous cell carcionoma 
(Garzino-Demo, 2006). Unfortunately, almost half of the oral neoplasms are diagnosed at 
stages III or IV, with 5-year survival rates ranging from 20% to 50% depending upon tumour 
sites (Holmes, 2003; Brandizzi, 2005). 

Early detection is widely recognised as the cornerstone to reduce diagnostic delay and, thus, 
to improve survival (De Faria , 2003; McDowell, 2006). However, this term (early detection) 
is not free from confusion as can be understood either as “a relative small tumour in size at 
the time of detection” or as “short time interval since cancer onset to diagnosis” (diagnostic 
delay) (van der Waal, 2011). 

2. Early detection. Diagnosis of small-size oral carcinoma 
Tumour size influences therapy and prognosis of oral cancer. Diagnosis of larger oral 
carcinomas has been linked to an increased risk of neck-node metastases and poor survival 



 
Oral Cancer 

 

174 

(Woolgar, 1999). Lately, this variable (plain clinical or pathological tumour size) has been 
replaced by tumour thickness or depth of invasion as more significant prognostic factors 
(Gonzalez-Moles, 2002; O-charoenrat, 2003). Moreover, tumour thickness has proved 
independent predictive value for subclinical node metastases, local recurrence and survival 
(Po Wing Yuen, 2002). Accordingly, a critical thickness of 4 mm has been proposed, above 
which the risk for metastases is 4 times the risk of tumours with minor invasion depth 
(Ambrosch, 1995). Generally speaking, a small-size tumour should present a diameter 
inferior than 2 cm, less than 4 mm of invasion depth and usually asymptomatic (Woolgar, 
2006). Thus, clinicians are recommended to be watchful on the signs of potentially 
malignant lesions or early stage cancers in all patients, but particularly on heavy smokers 
and alcohol consumers. These signs include indurations, bleeding, exophytic growths larger 
than 1 mm, chronic ulcerations with irregular, dirty or spotty appearance in lesions that do 
not disappear after the hypothetical causal agents have been removed, together with texture 
changes or granulation on the surface of the lesion. Moreover, keeping in mind that 
persistent erythroplastic lesions are the most frequent clinical presentation of early 
carcinomas (Mashberg, 1977; Mashberg, 1988; Bouquot, 1995) (Figure 1) along with erythro-
leukoplastic (23%) and leukoplastic lesions (21%) may ease an early diagnosis of oral cancer 
(Mashberg, 1995). 

 

 

 
Fig. 1. Erythroplastic oral squamous cell carcinoma. 
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3. Diagnostic delay in oral cancer. Concept 
The concept of diagnostic delay would comprise the time since first sign or symptom to 
definitive diagnosis. This fairly clear concept has been studied from different points of view 
with heterogeneous criteria (Allison, 1998a; Allison, 1998b; Allison, 1998c), resulting in 
categorisations that include: “patient delay”: the period between the patient first noticing a 
symptom and the first consultation with a health professional about the symptom; and 
“professional delay”: the period from patient’s first consultation with a clinician to the 
definitive pathological diagnosis”. This categorisation can be broken down further to 
include the “delay by patients”: time until consultation due to inaccessibility to the 
healthcare provider (Allison, 1998a; Allison, 1998b; Allison, 1998c; Onizawa, 2003) –which is 
not always due to the patients-. To overcome this ambiguity, the term “scheduling delay” 
(period between the patient making an appointment and actually seeing a healthcare 
professional) was introduced (Diz-Dios, 2005) (Figure 2). 

 
Fig. 2. Types of diagnostic delay in oral cancer.  

Despite these efforts, to date there is no consensus on a time-point beyond which a cancer 
diagnosis can be considered delayed. Several research groups have used the mean or the 
median of the time distribution to categorise diagnostic delay (Andersen, 1995; Pitiphat, 
2002; Carvalho, 2002; Gorsky, 1995), the latter being more frequent as it is not affected by the 
extreme values of distributions that usually show very wide ranges. Other authors choose 
an arbitrary time-point (more than thirty days) to discriminate between delayed and non-
delayed cases (Allison, 1998a; Allison, 1998b; Allison, 1998c; Brouha, 2005), in order to allow 
time for the patient to identify the symptoms, seek consultation, for a follow up of 7-10 days 
and a second consultation and biopsy, and, finally for the pathologist to report the results 
back to the clinician (Gorsky, 1995). 

Other criteria include a first stage: since the first symptom until the first contact with the 
clinician; a second stage: since the first visit until a referral letter is written; a third stage: 
since the patient gets the referral letter until the first consultation at a specialised service; 
and a 4th stage, since the first consultation to a specialist until a definitive diagnosis is 
reached (Onizawa, 2003). As can be inferred, this approach introduces some degree of 
complexity and limits the external validity of the studies performed under this scheme. 

Regardless of the importance of this topic, it is somehow surprising the limited number of 
reports dealing with the influence of diagnostic delay in head and neck carcinomas 
retrievable from scientific databases, particularly when compared to melanoma or 
colorectal, breast, and bladder carcinomas. 
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4. Causes of oral cancer diagnostic delay 
The proportion of patients receiving a delayed definitive diagnosis of oral cancer remains 
high worldwide, with wide variations in the values reported: in Greece more than a half of 
oral cancer patients are diagnosed with delays longer than 3 weeks (Pitiphat, 2002), whereas 
Dutch and Spanish patients are diagnosed with an average delay of 1.5 months (Kowalsky, 
1994; Seoane, 2006); series published from Canada, Italy, Denmark or Israel report medians 
of diagnostic delays ranging from 3 to four months (Allison, 1998a; Allison, 1998b; Allison, 
1998c; Wildt, 1995; Gorsky, 1995 ). 

Undoubtedly, there are potential factors responsible for late diagnosis of oral cancer: on the 
one hand, psychosocial factors related to the patient may well condition the perception of 
the cancer symptoms by the individual and lead him/her to erroneous behavioural 
responses that may adversely affect his/her demands and access to care. This may explain 
why the use of traditional herbal medication before visiting a healthcare professional is 
recognised as a significant independent predictor for patient delay in Thailand (Kerdpon, 
2001a; Kerdpon, 2001b). 

On the other hand, the accessibility (ability to obtain services based on oral health needs) 
can be limited by financial, structural and personal barriers (beliefs, language) and thus 
decisively conditioning the timing of oral cancer diagnosis (Seoane, 2010). Disparities in 
access to oral health services across Europe and USA are well known, particularly for low-
income populations (uninsured, migrant, homeless, etc). Ethno-regional differences have 
also been identified in terms of incidence and mortality rates of oral cancer, which may 
result from the variation in the access to oral care but also from the different exposition to 
risk factors or from the limited resources in detection and prevention methods available to 
these individuals. 

The causes of diagnostic delay related to the clinician are particularly interesting, and can be 
basically due to not to practice a full clinical examination (Bruun, 1976), the presence of 
unspecific or banal clinical signs (Bruun, 1976), low index of suspicion and lack of 
familiarity and experience with the disease (Guggenheimer, 1989). Co-morbidity has also 
been suggested (Allison, 1998a; Allison, 1998b; Allison, 1998c), as clinicians in these 
situations tend to focus their attention on the existing disorders. 

Lack of oral cancer knowledge has also been described to influence delays in referral and 
treatment (Colella, 2008; Seoane 2010), and this situation has been detected internationally 
as a worrying lack of knowledge on diagnostic procedures, main locations of oral cancer 
(Alonge, 2003) and on leuko- or erythroplakia-like carcinomas as primary oral cancer 
lesions, as well as on the effects of vegetable intake on the incidence of oral cancer. 
Conversely, facts like squamous cell carcinoma being the most common histopathologial 
type or oral cancer, criteria for referral of patients with suspicious lesions, that early 
detection improves the 5-year survival rate and that tobacco and alcohol are risk factors for 
oral cancer (Seoane 2010) are well known by the healthcare professionals. 

In short, diagnostic delay is a complex concept conditioned by tumour biology, patient 
behaviour, clinician awareness and attitudes, as well as by the healthcare system 
performace. 
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5. Other factors related to late stage diagnosis of oral squamous cell 
carcinoma 
Although recognition of predictors for advanced-stage diagnosis could permit the 
implementation of strategies for increasing the number of oral carcinomas diagnosed at an 
early stage, there is no much information on this issue. 

The most frequently studied variables (age, gender, and tobacco and alcohol intake) are not 
linked to late-stage diagnosis, as were not previously associated to professional or patient-
related delays (Boing, 2010; Guggenheimer 1989). Neither precancerous lesions connected to 
the tumour seem to modify the spread of the disease at diagnosis, even when proliferative 
verrucous leukoplakia or the presence of mild to moderate epithelial dysplasia at the 
margins of a surgically removed oral squamous cell carcinoma carries a significant risk of 
local recurrence and modifies the prognosis of the disorder (Thomsom, 2007). 

Ulcerated-type oral squamous cell carcinomas are usually diagnosed at stages III or IV 
(Jaulerry, 1985) (Figure 3). Although the predictive value of the clinical appearance of the 
primary lesion remains controversial, it is accepted that ulcerated lesions imply poorer 
survival rates (Jaulerry, 1985). 

 

 
Fig. 3. Ulcerated-type tongue squamous cell carcinoma. 

The site of the primary lesion has been also linked either to delayed diagnosis or diagnosis 
at advanced stages (Brouha, 2005): tongue, buccal mucosa and lip carcinomas seem to be 
diagnosed at earlier stages (Gorsky, 1995) than floor of the mouth and retromolar trigone 
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neoplasms; whereas palate or gingival tumours showed contradictory results (Gorsky, 
1995). Accordingly, the floor of the mouth, gingivae and retromolar trigone have recently 
been identified as independent prognostic factors for late-stage diagnosis, which may well 
be explained by the fact that patients’ self-perception and self-exploration abilities are 
conditioned by the site of the tumour (Andersen, 1995); the presence of the gingivae within 
this group would be due to the association of gingival locations to advanced stage at 
diagnosis (late diagnosis) caused by the early invasion of the nearby bone (T4 primary 
tumour) (Seoane, 2006). 

Late diagnosis of neoplasms, particularly in oral cancer, has been conventionally ascribed to 
delays in reaching a diagnosis, as patients at advanced tumour stages are more likely to 
have experienced longer patient and professional delays than those diagnosed at earlier 
stages (Sargeran, 2009). Surprisingly, there is an evident lack of sound scientific evidence 
supporting this traditional association between diagnostic delay and disease extension (III-
IV TNM stages) (Gomez, 2009; Gomez, 2010). 

The biological behaviour of the tumour has also been investigated as an hypothetical 
predictor for a late-stage diagnosis, with positive results, as poorly differentiation of a 
tumour (biologically more aggressive) proved to be an independent risk factor for diagnosis 
at stages III and IV, which may suggest that the TNM stage of a tumour when diagnosed 
could be affected more by the biology of the cancer (degree of differentiation) than by a 
delay in the diagnosis.  

6. Relationships between diagnostic delay in primary oral cancer and disease 
extension 
Tumour size and nodal status seem to correlate well with tumour growth chronology in oral 
cancer (Spiro, 1986; Brown, 1989; Parker, 1996). This paradigm leaded to investigations on 
the feasibility that diagnostic delay contributes to the spread of the disease. Despite this 
theory could be proved for certain tumours (Erwenne, 1989; Porta , 1991; Faccione, 1993), no 
definitive conclusions could be drawn for oral cancer, where disagreements between the 
groups who discard an association (Allison et al, 1998; Kantola et al, 2001; Kerdpon et al, 
2001b) and those who endorse it (O’Sullivan, 2001; Brouha et al, 2005b, Gomez et al., 2009) 
are evident. 

The paper by Guggenheimer et al (1989) was one of the first in considering this hypothetical 
relationship in a mixed sample of 149 oral and pharyngeal cancers and failed to identify an 
association even after considering patient and professional delays separately. From then on, 
this has been a common conclusion in the literature (Jovanovic et al, 1992; Amir et al, 1999; 
Hollows et al, 2000; Kerdpon et al, 2001a; Kerdpon et al 2001b) until 1994, when Kowalski et al. 
significantly related professional delay and tumour stage, but not between overall delay and 
spread of the disease, which may suggest the relevance of memory bias in this particular 
type of research. 

The control of biases is a challenging issue for researchers in this field. The consideration 
of patient survival as the research outcome and the use of multivariate analysis to adjust 
for confounding factors (Wildt et al, 1995) meant an improvement in the design of these 
studies but the sought association could not still be identified for oral cancer (Wildt et al , 
1995) or for mixed samples of head and neck carcinomas (Gorsky & Dyan, 1995). Research 
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designs were further improved by the combination of data collection methods to include 
prospective and retrospective data for reducing memory bias: McGurk et al (2005) 
gathered a sample of 613 cases over 40 years and failed to unveil a relationship between 
delay in diagnosis and tumour stage but they used an arbitrary time point of three 
months to distinguish between delayed and non-delayed cases in their mixed sample of 
head and neck cancers that, combined with a vague definition of diagnostic delay, 
compromise their conclusions. 

The composition of the study sample may be relevant, since Scott et al (2005) found no 
relationship between diagnostic delay and tumour stage, but discovered a trend in this 
direction for certain oral sites. Carvalho et al (2002) somehow confirmed this trend in their 
series of 676 head and neck squamous cell carcinomas when observed that laryngeal and 
hypopharyngeal cancers were more prone to be diagnosed at advanced stages than lip, oral 
and oropharyngeal neoplasms. Additional light in this course was provided by Allison et al 
(1998c) who demonstrated that patients with upper aerodigestive tract carcinomas with 
professional delays longer than 1 month had an increased risk to be diagnosed at late stage. 

When dealing with diagnostic delay, the beginning of any study is, unavoidably, the 
recognition of the signs and symptoms by the patient, and this recognition is undoubtedly 
affected by his/her psychosocial characteristics. The first group in considering these 
variables was that of Kumar et al (2001) who identified a significant relationship between 
overall diagnostic delay and tumour stage in their sample of 79 patients. Similar findings 
were reported by Pitiphat et al (2002) from a case-control study, demonstrating that the 
length of diagnostic delay was significantly greater in patients with advanced tumour stages 
(TNM stage IV). 

There is no sound scientific evidence supporting an association between diagnostic delay in 
oral cancer, extension of the disease diagnosed at advancer stages (TNM III-IV) and lower 
survival rates. However, this fact is probably due to methodological flaws in the published 
reports to date (Allison, 1998a; Allison, 1998b; Allison, 1998c). These reports use different 
conceptions of diagnostic delay and are thus liable to misclassifications; use retrospective 
designs without strategies to diminishing patients’ memory bias and often break down 
diagnostic delay classifications to groups with insufficient sample size. Moreover, the study 
of samples with heterogeneous cancer sites introduce confounding factors in the analysis, as 
the patient’s self-perception and self- exploration abilities depend on the site of the tumour 
(Allison et al, 1998a; Tromp et al, 2005; Wildt et al, 1995; O’Sullivan, 2001). For example, 
gingival locations are associated with advanced stages at diagnosis due to the early invasion 
of the adjacent bone tissue (T4 primary tumour) (Seoane et al., 2006) yet could present 
without time delay. Additional difficulties come from the type of data collected (e.g.: 
continuous variables (Wildt et al, 1995; Hollows et al 2000; Kumar et al, 2001; Kantola et al, 
2002) versus categorical (Allison et al 1998b; Kerdpon et al 2001a), from the different sources 
of patient data (questionnaires, interviews, clinical records) and also from the already 
mentioned patient memory bias. 

Different velocities of tumour growth may well also explain why some tumours remain 
small in size in spite of delay. Even though some studies related diagnostic delay and 
tumour stage (Brouha et al 2005), it is possible that the relationship between delay and 
advanced tumour stage is veiled by the fact that certain cancers remain silent during the 
initial stages and induce symptoms only when they reach and advanced phase (Scott, 2005). 
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This being, tumour growth rate would act as a confounding factor in the relationship 
between diagnostic delay and tumour stage, since patients with aggressive tumours and 
poor prognosis do not usually present diagnostic delay, while tumours with low 
proliferation rates demonstrate good prognosis despite long diagnostic delays (Kaufman, 
1980; Evans, 1982; Allison, 1998a). 

A recent meta-analytical study has shown that diagnostic delay is broadly associated to 
more advanced stages in oropharyngeal cancers. This association resulted to be specially 
strong when the analysis was restricted to oral cancer (pooled RR, 1.47; 95% CI: 1.09-1.99) 
and when the delay was longer than one month (pooled RR, 1-69; 95%CI: 1.26-2.77) 
(Gomez et al 2009). The probability for delayed patients to present an advanced stage of 
oral cancer at diagnosis in this report was 25% higher than that of non-delayed patient. 
Nevertheless these data should be interpreted with caution since all 9 studies considered 
in the analysis were cross-sectional in nature, with retrospective designs and a potential 
for recall bias. 

 
 

Study Tumour 
site 

Age-range 
(years) 

Gender 
M/F 

Delay 
Non-

advanced/Advanced

OR 
(95%CI) 

Guggenheimer, 1989 Oral & 
OPH NS NS 54/19 0.5 (0.2-1.2) 

Gorsky,1995 Oral & 
OPH 10-99 363/180 259/1323 1.0 (0.5-2.1) 

Allison, 1998 Oral & 
Pharynx 34-91 134/54 67/84 3.0 (1.8-4.8) 

Kerdpon, 2000 Oral 32-93 117/44 42/78 1.7 (1.0-2.9) 
Kantola, 2001 Tongue 26-85 34/41 6/20 3.4 (1.0-11.7) 

Pitiphat, 2002 Oral & 
Pharynx 26-91 65/40 38/15 0.8 (0.3-2.3) 

Carvalho, 2002 Oral & 
OPH 15-82 363/54 78/224 0.8 (0.5-1.4) 

Onizawa, 2003 Oral 33-96 100/52 41/32 0.7 (0.3-1.4) 
Scott, 2004 Oral 22-89 157/88 48/59 1.3 (0.8-2.2) 

NS: not stated; OPH: Oropharynx; M: male; F: female; OR: odds ratio; CI: confidence interval 

Table 1. Association between diagnostic delay and advanced disease stage for oro 
pharyngeal carcinomas. 

7. Diagnostic delay and survival to oral cancer 
The number of studies focusing on the relationship between diagnostic delay and survival 
to oral cancer are scarce (Table 2), and their results show substantial discrepancies: on the 
one hand the strength of the association did not reach signification (Ho, 2004), but on the 
other hand there seems to exist a strong relationship when referral delay is considered 
(Kantola, 2001; Sandoval, 2009), more specifically: when longer than month, these delays 
worsen survival to oral and oropharyngeal cancer (Sandoval. 2009), however when tumour 
aggressiveness is considered, the role of diagnostic delay could not be demonstrated 
(Seoane, 2010). 
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Reports on tongue cancer are particularly paradoxical, as referral delays worsen survival, 
but professional delay behaves as a protective prognostic factor with shorter delays showing 
a trend towards impaired survival (Kantola, 2001; Teppo 2008). The impact of delays on 
survival was apparently unreasonable, as shorter delays impaired survival. This paradoxical 
circumstance, where diagnostic delay, tumour stage and tumour prognosis are inversely 
related, has been previously described in breast, cervix, lung, colon, renal and urethral 
cancer and seems to suggest that stage at diagnosis and survival are affected more by the 
biology of the cancer (rapid tumour growth) than by a delayed diagnosis.  

These conclusions demand more studies assessing the impact of diagnostic delay on the 
course of oral squamous cell carcinomas with sound epidemiologic design (prospective), 
standardised criteria for diagnostic delay and protocols to minimise recall bias. These future 
investigations would also benefit from considering in their statistical analyses the biological 
features of the tumour and treatment delays.  

 
 

Author Country Data 
collection 

Tumor 
Site SS TNM 

n (%) 

P D 
RR 

(95%CI) 

Prof D 
RR 

(95%CI)

Ref D 
RR 

(95%CI) 

T D 
RR 

(95%CI) 

Kantola Finland 1974-1994 Tongue 75

I  9  
(12% ) 
II 22 

(29.3%) 
III 33 
(44%) 
IV 11 

(14.7%) 

- - 6.3 
(1.7-22.9) - 

Teppo Finland 1986-1996 Tongue 62

I  8 (13%)
II 22 (35%)

III 25 
(40%) 

IV 7 (11%)

0.58 
(0.36-0.93)

1.07 
(0.68-
1.70) 

- - 

Seoane Spain 1997-2002 Oral 63

I 9 (14.3%)
II 20 

(31.7%) 
III 10 

(15.9%) 
IV 24 

(38.1%) 

- - - 1.0 
(0.9-1.1) 

Sandoval Spain 1996-1999 
Oral 

& 
OPH 

146

I 15 
(10.3%) 

II 30 
(20.5%) 
III 35 
(24%) 
IV 66 

(45.2%) 

- - 2.1 
(1.0-4.3) - 

SS: sample size; PD: patient delay; Prof D: professional delay; Ref D: referral delay; TD: Total Delay;  
RR: relative risk; OPH: oropharyngeal 

Table 2. Reports on the association between diagnostic delay in oral cancer an survival. 
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This is important, as the clarification of this hypothetical relationship between diagnostic 
delay and survival to oral cancer may condition early oral cancer detection strategies either 
by strengthening programmes for diminishing diagnostic delay or favouring oral cancer and 
precancer screening strategies. 

8. Strategies to minimise diagnostic delay in oral cancer 
A delay when dealing with oral cancer diagnosis is unacceptable. Despite the quickness in 
obtaining a diagnosis does not ensure an early-stage tumour, it is essential for reducing cancer 
mortality (Horowitz, 1995). Specific educational interventions on the population, focused on 
risk groups (self-exploration) and on the clinicians (index of suspicion) are needed to achieve 
this goal. These interventions should provide sound knowledge of the disease presentation 
and competences for visual/tactile diagnosis. Additional improvements to ease accessibility to 
health care and the implementation of clear referral schemes for patients with suspicious 
lesions would also contribute to this purpose. An example of these schemes would be the 
“Two weeks wait”, rolled out in December 2000 in the United Kingdom for referral of head 
and neck cancer patients from primary care to specialised centres (Department of Health, 
2000). The audit of this programme showed a high proportion of non-malignant lesions being 
referred through the fast-track system, highlighting a low sensitivity among the general 
practitioners and stressing need for better visual detector guidelines. This assessment stressed 
the need for the primary care clinician to know which kind of cases should be sent to the 
specialist (all suspicious lesions and all suspicious borderline lesions). As it is difficult to detect 
oral cancer lesions at early stage, several ancillary diagnostic tests have been developed to 
improve diagnostic performance, such as toluidine blue staining, chemiluminiscence and 
autofluorescence (Trullenque –Eriksson, 2009). 

8.1 Toluidine blue 

Tolonium chloride (toluidine blue) has been assessed as diagnostic aid for diagnosis of oral 
malignant and premalignant lesions by a number of studies (Epstein, 2007; Epstein, 2008; 
Epstein, 2009). These results were studied from a meta-analytical perspective in 1989, 
revealing sensitivities ranging from 93.5% to 97.8% and specificities from 73.3% to 92.9% 
(Rosenberg, 1989), this good performance of the product was somehow spoiled by the 
serious methodological limitations observed in some of the original reports. A more recent 
report by Lingen (2008) described sensitivities for the detection of oral cancer ranging from 
0.78 to 1.00, and specificities of 0.31 to 1.00. A comprehensive analysis of the current 
evidence suggest that toluidine blue ins good at detecting carcinomas, but its sensitivity in 
detecting dysplasia is significantly lower (Epstein, 2008; Lingen, 2009). 

8.2 Light-based detection systems 

These systems are based upon the structural and metabolic changes the oral mucosa 
undergoes during the carcinogenesis process. These phenomena induce different absorbance 
and refractance profiles when exposed to different sources of light or energy (Epstein, 2009). 

8.2.1 Vizilite  (Zila Pharmaceuticals, Phoenix, AZ)  

A number of cross-sectional studies assessed this chemiluminiscence device with high 
scores in sensitivity (100%), as every patient had previously visualized mucosal lesions, but 
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report by Lingen (2008) described sensitivities for the detection of oral cancer ranging from 
0.78 to 1.00, and specificities of 0.31 to 1.00. A comprehensive analysis of the current 
evidence suggest that toluidine blue ins good at detecting carcinomas, but its sensitivity in 
detecting dysplasia is significantly lower (Epstein, 2008; Lingen, 2009). 

8.2 Light-based detection systems 

These systems are based upon the structural and metabolic changes the oral mucosa 
undergoes during the carcinogenesis process. These phenomena induce different absorbance 
and refractance profiles when exposed to different sources of light or energy (Epstein, 2009). 

8.2.1 Vizilite  (Zila Pharmaceuticals, Phoenix, AZ)  

A number of cross-sectional studies assessed this chemiluminiscence device with high 
scores in sensitivity (100%), as every patient had previously visualized mucosal lesions, but 
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low specificity values (0-14.2%) with high percentages of false positives. This device has 
proved a high capacity to emphasize certain visual features of the lesion, such as brightness 
and lesions limits (Epstein, 2009), but it does not aid in the identification of a premalignant 
or malignant oral lesion (Farah, 2007). A combination of Vizilite and toludine blue (ViziLite 
Plus) has been introduced to reduce the number of false positives but, although both 
specificity and predictive positive values improved, the scientific evidence on this 
combination published to date is scarce (Epstein, 2008). 

A different system based on the same principles of ViziLite (Microlux/DL, Danbury,USA) 
has been designed, which illuminates the lesion with a diffused light from a light-emitting 
diode. When assessed prospectively, it showed a sensitivity of 77.8% and a specificity of 
70.7% (McIntosh, 2009). Some reports point that chemoluminiscence could be useful to 
identify lesions hidden to incandescent light sources, but no evidence supports this theory. 

8.2.2 Tissue fluorescence imaging   

The VELscope system (Visually Enhanced Lesion Scope; LED Dental Inc., White Rock, 
USA) uses autoflorescence technology to detect the loss of fluorescence in visible and non-
visible oral lesions. Its sensitivity ranged from 97 to 100%, and proved useful to establish 
safer surgical margins in tumour excision (Huber, 2009), but no methodologically sound 
studies back the usefulness of this system as ancillary diagnostic tool when dealing with 
malignant or premalignant lesions in lower-risk, primary care patients (Lingen, 2008; 
Epstein, 2009). 

8.2.3 Tissue fluorescence spectroscopy 

This system produces various excitation wavelengths that are received by a spectrograph 
and recorded on a computer (Fedele, 2009). Its main advantage is the elimination of the 
subjective interpretation of the changes in the fluorescence of the tissues, but its main 
indication is limited to the exploration of previously visually-diagnosed small lesions. This 
device has shown a high sensitivity and specificity to differentiate healthy mucosa from 
malignant oral lesions (De Veld, 2005). 

Regardless of these promising technologies, the path until these systems enhance visual 
detection beyond what is achieved through conventional visual and tactile examinations is 
still to be covered. 

9. Oral cancer diagnosis at asymptomatic phases of the disease 
The studies on diagnostic delay consider only the symptomatic stage of the disease, which 
represents a minor part of the disease natural history. The equivocal relationship between 
diagnostic delay and certain outcomes of interest, like tumour stage and survival to the 
disease, suggest the need to prioritise the early diagnosis of oral cancer through screening 
programmes aimed at detecting the disease during its asymptomatic phases, as there is 
evidence demonstrating that oral visual inspection is satisfactorily sensitive to detect oral 
precancers and that can improve oral cancer stage at diagnosis. Moreover, community-
based screening on these bases may thus decrease oral cancer specific mortality amongst 
people who use tobacco, alcohol or both (Kujan, 2006). 
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However, it has to be born in mind that these kind of approaches can also be affected by 
biases, like the so-called “length-time bias”, where the possibility to detect aggressive oral 
carcinomas by screening is low due to the fact that the period until symptoms arise is short. 
On the other hand, less aggressive tumours with longer periods until symptoms are easier 
to detect by screening; this phenomena may make think that an early diagnosis improves 
prognosis, when what actually happens in that this approach detects mostly tumours 
biologically less aggressive (van der Waal, 2011). 

Another potential bias affecting this kind of programmes would be the “lead-time bias”, 
where survival to oral cancer may seem better when cases are diagnosed early but what 
actually happens is that cases are detected earlier though patients do not live longer than 
would live if the neoplasm were diagnosed during the symptomatic period of the disease 
(van der Waal, 2011). 

A different approach would be the case-search: the patient is explored searching for 
subclinical disease. This procedure is not so demanding but in any situation, the screening 
test should be easy, safe, reproducible and valid, as well as accepted by the population and 
by the healthcare workers involved, and should also assess risks, nuisances and costs. In 
areas with low prevalence of oral cancer, screening programmes result in a reduced 
detection rate. However, opportunistic high-risk screening (involves offering patients a 
screen when they attend a clinic for some other, unrelated reason), particularly in general 
dental practice, may be cost-effective (Conway, 2006). This screening may be more 
effectively targeted to younger age groups, chiefly 40-60 years old (Conway, 2006). 
Moreover, new educational strategies are needed to identify populations at particular risk; 
younger people (Farshadpour, 2007) and non-smoking and non-drinking oral cancer 
patients (females, old at disease presentation). Thus, the range of ages for systematic oral 
examination should be broaden. 

Opportunistic screening by general dentists includes a systematic review of the oral mucosa 
during regular dental care. About 83%-86% of European and American GDPs declared to 
perform a systematic exploration of oral soft tissues to rule out oral cancer. Despite this fact, 
their ability to make a correct positive detection of oral cancer (sensitivity) remains low, as 
reported scores varied from 0.4 to 1.0. The specificity ranged from 0.31 to 0.92; these low 
values would mean that patients with oral carcinomas would not be adequately referred for 
the decisive diagnosis and treatment (Downer, 2006). Despite that, selective opportunistic 
screening may be a realistic and effective solution, as detections of oral and oropharyngeal 
squamous cell carcinomas during a non-symptom-driven examination has demonstrated to 
be related to lower stages at diagnosis although there is insufficient evidence to determine 
whether screening by visual and tactile examination in asymptomatic patients alters disease-
specific mortality (Downer, 2006). Of course, it has to be kept in mind that “insufficient 
evidence” only means that there are no methodologically sound studies available to support 
a given technique or approach. 
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1. Introduction  
At the world level, head and neck cancer is the sixth most common cancer (Fedele 2009). 
Oral squamous cell carcinoma (OSCC) accounts for about 40% of head and neck and 90-95% 
of oral malignancies (Neville et al. 1995; Pektas et al. 2006). OSCC is proceeded by visible 
changes in the oral mucosa, such as: white plaque, redness, ulcer or exophytic lesion, with 
no other signs/symptoms. (Delavarian et al. 2010). If OSCC is diagnosed and treated in this 
stage, it will be curable and inexpensive to treat with excellent treatment outcomes and 
survival (Rosenberg and Cretin 1989). 

Five-year survival is about 76% to 80% if diagnosis is performed in stage 1 and 2. Late 
diagnosis in stage 3 and 4 can decrease this value to 41% and 9% respectively (Mashberg 
and Feldman 1988; Neville et al. 1995; Maraki, Becker, and Boecking 2004; Pektas et al. 2006). 
At this time, metastasis to regional lymph nodes has occurred and cancer cannot be treated 
without undesirable complications and morbidity (such as mucosities, xerostomia, surgical 
defect, etc.…). Unfortunately majority of cases are diagnosed at stage 3 and 4 with more 
than 50% of them exhibiting metastatic lymphadenopathy (Eisenbud and Sciubba 1978). 
Despite advances in diagnostic procedures in medical practice, mortality of OSCC has 
remained unchanged in the past 40 years and and a significant diagnostic delay (up to 8 
months)has persisted over time. (Abdo et al. 2007; Peacock, Pogrel, and Schmidt 2008) For 
example, the mortality rate for oral cancer is similar to that of colon cancer even though it is 
much easier to screen and detect oral cancers than it is for colon cancer. The most important 
factor in patient survival and prognosis is early diagnosis. Studies have shown that most 
OSCC could have been detected 3 to 7 month earlier by a trained dentist (Bruun 1976), but 
as mentioned, 50% of patients have regional or distant metastasis at the time of diagnosis 
(Acha 2005; Fedele 2009). There are some reasons for this delay (Wood and Goaz 1997;Abdo 
et al. 2007; Peacock, Pogrel, and Schmidt 2008;): 

1. Lack of public awareness about signs, symptoms and risk factors of oral cancer. 
2. Absence of routine oral examination in at least 50% of public. 
3. Absence of symptoms in early stages of oral cancer. 
4. Development of cancer in parts of oral cavity which normally scape inspection by the 

patients and/or physician (e.g. floor of the mouth). 
5. Similarity of lesions to benign ones (e.g.; candidiasis, recurrent aphthous stomatitis, etc.). 
6. Absences of prevention and early detection by heath care providers (e.g. lack of 

knowledge and ability to recognize oral cancer in early stages and absence of generally 
accepted screening tests which can be easily performed by general dentists). 
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OSCC very often arises from an oral premalignant lesion (OPL). OPL is defined as a benign, 
morphologically altered tissue that has a greater than normal risk of malignant 
transformation((Neville et al. 1995 ). Erythroplakia, leukoplakia, oral lichen planus and oral 
submucous fibrosis are examples of OPL. Erythroplakia either isolated or concomitant with 
leukoplakia may show severe dysplasia or carcinoma In Situ. Indeed 90% of erthroplakia 
lesions are histologically diagnosed as carcinoma In Situ or cancer (Mashberg and Feldman 
1988; Mills and Carter 2004; Maraki, Becker, and Boecking 2004; Kujan et al. 2005). 

Leukoplakia is the most common OPL in the oral cavity with a 4-40% chance for malignant 
changes (Waldron and Shafer 1975; Sciubba 1999; Maraki, Becker, and Boecking 2004). A 
new cohort showed that 17.9% of leukoplakia lesions developed into oral cancer with a 
mean duration of 5.2 years. (Liu et al. 2010). Oral lichen planus may become cancerous in 0.4 
to 2.5% of cases (Sciubba 1999;Maraki, Becker, and Boecking 2004). A new retrospective 
study in Spain revealed 0.9% chance of malignancy in oral lichen planus with the tongue as 
the most common location (Bermejo-Fenoll et al. 2009).  

Sometimes oral cancer develops de novo- from a normal mucosa- and is not preceded by an 
OPL, but usually a small part of an OPL may undergo dysplasia or malignant changes. 
Early removal of this part can prevent emergence of malignant lesions. But the question is- 
how can we find early malignant changes in an apparently benign lesion? To answer this 
question we must be familiar with adjunctive diagnostic aids which if employed properly, 
can enhance diagnosis and improve treatment outcomes. In the next section we introduce 
the diagnostic aids in oral Cancer screening or diagnosis. 

2. Diagnostic aids in screening of oral cancer  
Diagnostic aids can help the physician to decide whether the suspicious lesion needs biopsy 
or removal for cancer detection. Sometimes malignant changes occur without any clinical 
evidence of malignancy. In this situation even an expert eye may overlook malignant 
changes. Diagnostic aids can reveal these occult changes. In other word, diagnostic aids can 
be used as screening or as adjunctive tools. The decision whether to screen for oral cancer or 
not depends on many factors. Table1 shows the criteria for implementation of a screening 
program. (Lingen et al. 2008) when screening is indicated for oral cancer in a certain 
population, a suitable test should be employed. Table2 illustrates the characteristics of a 
good screening test. (Lingen et al. 2008)  
 

The disease must be an important health problem 
An accepted treatment must be available for patients with recognized disease 
Facilities for diagnosis and treatment must be available
There must be a recognizable latent or early symptomatic stage
A suitable test must be available
The test should be acceptable to the population
The natural history of the condition should be adequately understood
There should be an agreed policy on whom to treat as patients
The screening program should be cost-effective
The screening process should be a continuing process and not a ‘once and for all’ 
project 

Table 1. Criteria for the implementation of a screening program (Lingen et al. 2008) 
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There are different screening tests for oral cancer with variable indications, limitations and 
implications. Yet the gold standard for cancer diagnosis is surgical biopsy and 
histopathologic examination. But not every suspicious lesion should be surgically biopsied. 
There is a spectrum ranging from clinical examination to surgical biopsy. Diagnostic tests 
are located in the middle of this spectrum and have their own indications. Here we discuss 
diagnostic procedures, which can be employed in early detection of oral cancer.  

 
A screening test should: 
 

Be simple, safe and acceptable to the public 
 
Detect disease early in its natural history 
 
Preferentially detect those lesions which are likely to progress 
 
Detect lesions which are treatable or where an intervention will prevent progression 
 
Have a high positive predictive value and low false negatives (high sensitivity)     

Table 2. Characteristics of a good screening test (Lingen et al. 2008) 

Screening test must be evaluated with respect to their diagnostic value. This value includes 
sensitivity (SN), specificity (SP), positive predictive value (PPV) and negative predictive 
value (NPV). If calculating of these values is considered the results must be compared to the 
gold standard. The gold standard of oral cancer diagnosis is yet scalpel biopsy (surgical 
biopsy). The gold standard is used to classify subjects as to their true state of disease. Table 3 
shows the SN, SP, PPV and NPV and the way to calculate them. 
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Table 3. Standard 2X2 table for the calculation of sensitivity(SN), specificity(SP), positive 
predictive value(PPV) and negative predictive value(NPV) 
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2.1 Clinical examination 

Diagnosis of oral cancer begins with a complete history taking followed by a thorough 
clinical examination. Oral cavity is the most accessible site of alimentary track for clinical 
examination. (Chiodo, Eigner, and Rosenstein 1986)Precise inspection of all parts of oral 
mucosa using an incandescent light can reveal abnormal changes. The physician must 
examine the whole oral cavity accurately. Posterior portions and floor of the mouth must be 
surveyed meticulously. Even self-examination of oral cavity can be performed by the 
individuals for early detection of oral cancer (Elango et al. 2011). Any symptom or sign must 
be assessed exactly. The teeth must be examined for any evidence of mobility or tilting. 
Sometimes radiographic examination is necessary to complete the clinical examination. The 
clinician must palpate any lesion to find induration or firmness. Apparently normal mucosa 
must be palpated to reveal any mass or abnormal change (e.g. roughness, altered texture…). 
Cervical lymph nodes must be palpated to find metastatic lymphadenopathy in occult 
oropharynx malignancy 

At the time of evaluating an OPL, any evidence of roughness, ulceration, redness and 
induration must be further examined by histopathologic examination. Diagnostic value of 
clinical examination has been reported in literature. (Sankaranarayanan et al. 2005; Downer 
et al. 1995; Nagao et al. 2000; Jullien et al. 1995; Downer et al. 2004; Mignogna and Fedele 
2005). A Meta analysis on different studies of oral cancer screening showed an overall 
sensitivity of 0.857. (95% CI 0.73, 0.92) and specificity of 0.97(95%. CI 0.93, 0.98), Indicating a 
satisfactory test performance for oral examination (Downer et al. 2004). This study also 
suggested that trained auxiliaries are able to screen with a degree of accuracy similar to 
dental practitioner.  

Mortality of oral cancer can be decreased by clinical examination. One study reported a 32% 
reduction in mortality of OSCC in high risk individuals, suggesting that about 40000 deaths 
can be prevented by oral examination worldwide (Mignogna and Fedele 2005; 
Sankaranarayanan et al. 2005). Even self examination can improve early detection of oral 
cancer, although compliance to seek treatment is still low (32%).(Elango et al. 2011; 
Warnakulasuriya et al. 1984) . False positive referrals for definite diagnosis can result in 
anxiety which can be decreased by public education for the individuals who receive oral 
examination. (Patton 2003) 

To increase cost effectiveness of oral cancer screening programs, it is better to perform 
targeted clinical examinations of high-risk subjects (opportunistic screen) than mass 
screening (Speight et al. 2006; Patton 2003). A Cochrane systematic review found that there 
is no evidence to recommend inclusion or exclusion of screening for oral cancer using a 
visual examination unless randomized controlled trials provide the most reliable 
information for decision in clinical practice (Kujan et al. 2005). 

Despite benefits of clinical examination, it has been demonstrated that between 4.5 and 
15.3% of OPL and early stage oral cancers can not be adequately identified by visual 
inspection alone and may be overlooked even by highly trained professionals, potentially 
increasing the false negative rate (Moles, Downer, and Speight 2003). Because of this innate 
pitfall of visual inspection, other diagnostic aids can be employed to improve early detection 
of oral cancer. 
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2.2 Cytopathologic studies  

2.2.1 Oral exfoliative cytology  

Cythopathology is the microscopic study of cell samples collected from mucosal surfaces 
obtained by exfoliative cytology (via smears, scraping or lavage) or by fine needle aspiration 
(Sarah Freygang et al. 2011). Cytology has been applied to diagnose human diseases, since 
Papanicolaou and Traut validated it for diagnosis of cervical cancer (Papanicolaou GN 
1941). Since then cytology of the oral cavity began to be used as a cytopathologic diagnostic 
technique. In early studies on this technique no satisfactory results were obtained, mainly 
due to its limitations and improper application. In this technique a collecting devise (swab, 
spatula and brush) is placed and rotated against the mucosal surface and the cells are 
collected. 

The next step is to prepare a smear by spreading the cells onto a glass slide. After fixation 
and papanicolaou staining the slide is examined by pathologist. Interpretation of the results 
must be performed by an expert pathologist familiar with cytopathology. Sometimes cells 
are collected by a cytobrush. Diagnostic values of exfoliative cytology have a wide range 
due to kind of sampling instrument. A positive result is defined as definitive cellular 
evidence of epithelial dysplasia or carcinoma and atypical result is defined as abnormal 
epithelial changes of uncertain diagnostic significance (Maraki, Becker, and Boecking 2004). 
Studies from 1950 to 1970s reported high false negative results for exfoliative cytology 
(Folsom et al. 1972; Shklar, Cataldo, and Meyer 1970; Rovin 1967). For example Folsom et all 
reported 37% false negative result in 148 oral lesions (Folsom et al. 1972). 

Recent studies have reported better results (Navone et al. 2004) due to combining molecular 
analysis with exfoliative cytology which will be discussed in a separate section. Some 
researchers have analyzed the reliability of oral cytology and it’s cytometric analysis in the 
early detection of oral cancer. The SN 98.2%, SP100%, PPV of 100% and NPV of 99% have 
been reported (Remmerbach et al. 2003). Mehrotra et al Reviewed 22 articles and found SN 
and SP of oral exfoliation cytology to be 76.8% - 100% and 88.9% - 100% respectively 
(Mehrotra et al. 2009). 

2.2.2 Brush biopsy  

Oral CD-x brush is a kind of specialized oral brush, which can penetrate the thickness of the 
mucosa and collect representative sample of the lesion. (Acha 2005)Basal and parabasal 
cells- which are the precursor of malignant changes- are collected by this specially designed 
brush. “Brush biopsy” employs oral CD-x brush, which is then analyzed by computer. Some 
studies have used oral CD-x brush, but have analyzed the result by visual histopathology 
examination and not by computer (Mehrotra et al. 2006;Delavarian et al 2010). 

The diagnostic value of brush biopsy has been reported in several studies. SN from 71 to 100 
percent, SP varied from 27 to 94 percent, PPVs ranged from 38 to 88 percent and NPVs from 
60 to 100 percent have been reported. According to a systematic review by Patton et all, oral 
CD-x cytological test has advantages in detecting dysplastic changes in high risk mucosal 
lesions but in low risk populations or clinical innocuous lesions its application remains in 
doubt. This technique can not be performed in place of surgical biopsy.(Patton, Epstein, and 
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Kerr 2008) It seems that OralCDx technique overestimates dysplastic lesions and has a low 
PPV(Bhoopathi, Kabani, and Mascarenhas 2009) 

2.2.3 Liquid based cytology (LBC)  

Since 1990, liquid-based cytology (LBC) has been designed to improve slide quality and 
quantity of conventional cytology (Davey et al. 2006). LBC is an improvement in cytology 
technique that can compensate many disadvantages of conventional exfoliate cytology. 
Instead of a unique smear, a suspension of cells is obtained and several slides could be 
prepared. In LBC the sample collector with the sample is immersed in a tube containing 
preservative fluid, which fixes the cells immediately and can be a useful source of cells for 
upcoming researches. The fluid is placed on a centrifugal force and the cells make a thin 
high cellular confined zone on the glass slide, which can be assessed easily by the 
pathologist. Many artifacts of conventional cytology do not occur in LBC technique. By 
employing this technique unsatisfactory slides and false negative results have been reduced 
and the diagnostic value of cytology has improved. Up to now, only few studies in oral 
cavity –based on LBC technique- have been published in English literature. In Hayama 
study; 44 different oral lesions were examined by both conventional and liquid based 
(Autocyte Inc) cytological examination using a cytobrush –not specified for oral mucosa. It 
was concluded that the two techniques led to the same diagnosis and the same 
papanicolaou class was assigned in all adequate cases. Three  conventional smears were 
hypocellular, hence making the cytological diagnosis impossible. The LBC preparations 
showed a satisfactory higher improvement in slide quality (thinness, even cell distribution, 
absence of overlapping and bleeding) (Hayama et al. 2005).  

In Navone study 2006, results of conventional exfoliative cytology and LBC (by using 
dermatologic curette) were compared with scalpel biopsy. Both sensitivity and specificity 
were higher in LBC group than in conventional cytology. The false negative and positive 
results were 7/89 and 2/89 in conventional smear group and  4/384 and 3/384 in LBC 
group. Upon these results, it can be concluded that LBC gives better results and enhances 
SN and SP (Navone et al. 2007). Recently Navone reported a 95.1% SN and 99% SP for LBC 
technique. (Navone 2009)  

2.2.4 A modified liquid-based cytology using OralCDx® Brush 

Although the diagnostic values of brush biopsy or LBC technique have been published 
previously there are some pitfalls: First, in many brush biopsy studies not all of samples 
with different brush results underwent scalpel biopsy so the reported values for sensitivity, 
specificity, etc., could be questionable. Second, in the case of performing both brush and 
biopsy, there are few, if ever, studies which both techniques are done simultaneously and 
exactly from the same area. Third, all of LBC studies in oral cavity are performed using 
cervical or dermatological tools for sample collection and never a specialized oral tool 
(e.g.CDx brush) has been employed (Hayama et al. 2005; Navone et al. 2007). Because of non 
rigid nature of cervical brushes, inadequate results  are expected. This leads to false negative 
results and significant diagnostic delay (Potter, Summerlin, and Campbell 2003). 

So, we planned a study to use LBC technique employing a specialized oral brush 
(OralCDx® Brush), simultaneously and exactly from the same area to determine the 
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diagnostic value (sensitivity, specificity, positive and negative predictive values and positive 
and negative likelihood ratios) of modified LBC technique in detection of dysplasia 
/malignancy in oral potentially malignant and cancerous lesions and to evaluate diagnostic 
agreement between this technique and scalpel biopsy. (Delavarian et al. 2010) 
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OralCDx® kits. After manipulation of standard protocol neither the quality nor the quantity 
of slides were suitable for cytopathologic diagnosis, so we applied an LBC technique and 
modified the conventional protocol in this way:  

First, instead of spreading the brush onto a glass slide, the brush was placed in the supplied 
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minutes in 4000 RPM. This centrifugal force helped to sediment the cells and taken them off 
from the brush hairs. Then 100 λ (mm3) of this sediment was placed onto the cup of 
Cytospine (Shandon UK) centrifuge in 1000RPM(similar to power recommended in this 
vortex for vaginal samples). Two to 4 samples were obtained from each cellular sediment. 
The more the sediment was rich in cellular material or blood component, the more glass 
slides were prepared. 

The study group consisted of 25 patients with 26 lesions which had been visited from Oct 
2005 to Jan 2007, at Oral Medicine Department of Mashhad Faculty of Dentistry and 
Otorhinolaryngology Departments of QAEM, IMAM REZA and OMID hospitals, Mashhad, 
Iran. (Table 4)The study protocol was approved by the committee on ethics of Mashhad 
University of the Medical Sciences (MUMS) on the basis of the Helsinki consent 
2005.Patients were informed with regard to the research objectives, methods, possible 
benefits and potential risks and a written consent was obtained from all participants. 

Inclusion criterion was: lesions clinically diagnosed as oral potentially malignant 
(leukoplakia, OLP) or malignant lesions (OSCC and verrucous carcinoma) and requiring an 
incisional (scalpel) biopsy for definite diagnosis. Exclusion criteria were: A) History of any 
treatment for the lesion (drug, radiation and chemotherapy) and B) A systemic 
contraindication for scalpel biopsy. 

The most appropriate site of biopsy was determined upon the most probable site of 
dysplasia/malignancy (e.g. presence of firmness and indurations and roughness or red 
surface or high risk areas for dysplasia/malignancy (e.g. Ventral tongue and floor of the 
mouth) or the most surgically accessible site. 

Demographic data were recorded. After determination of the site of biopsy, under local 
anesthesia, needed for scalpel biopsy, the Oral CDx brush was placed in the selected area 
and turned 5 to 10 times until appearing pinpoint bleeding-upon to manufacturer’s 
recommendation. The brush was sent to cytopathology laboratory immersing in supplied 10 
%formalin glass tube. The  scalpel biopsy was also done immediately in site of pinpoint 
bleeding. 

In cytopathology laboratory, the slides were prepared by Modified Liquid Based 
Techniques. By using cytospine vortex the cells were compacted in a 20mm2 area ,then they 
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were fixed in 96° alcohol for 20 minutes and papanicolaou staining was done. They were 
examined by a pathologist informed about clinical diagnosis, but blind to the 
histopathological results; using Leica BME (Leica Buffalo state, US) microscopes in 100X and 
400X magnifications. 

The cytopathological findings were categorized as three groups: 1) Positive: dysplastic 
epithelial changes. 2) Negative: absence of any evidence suggesting dysplasia.3) Inadequate 
sampling: means two entities:A) Inadequate depth of sampling –absence of basal and 
parabasal cell layers in slide.B) Inadequate quantity of cells-hypocellularity.  

The histopathologic preparations were observed by the same pathologist blind to 
cytopathological study and informed about clinical diagnosis. The Pindborg criteria 
(Warnakulasuriya et al. 2008) for detecting dysplasia and malignancy were used and the 
histopathologic diagnosis was made .The presence of dysplasia/malignancy in 
histopathology(P.D.M.H) was classified as normal(no dysplasia/malignancy),mild, 
moderate and severe dysplasia (level 1 to 3),carcinoma In Situ(level 4) and carcinoma(level 
5)(table 4). 

Quantitative variables were analyzed by T test as X ±SD and for qualitative variables χ2 
and Exact Fisher tests were done using SPSS11.5 software. SN, SP, PPV and NPV were 
calculated for modified technique and clinical examination. Positive likelihood ratio (LR+) 
and negative likelihood ratio (LR-) were calculated for modified technique. Kappa value 
was calculated to determine diagnostic agreement between the modified technique and 
scalpel biopsy, the gold standard.  

Thirteen male and 12 female contributed to this study (Table 4).In one female patient (Table 
4 -pt (patient) No 25) two sites with two different clinical diagnoses (one proved to be 
severely dysplastic and one OSCC in histopathologic assessment) were biopsied (Fig 1). The 
mean age of patients was 54.00±17.38 (12 females; 54.23±19.77and 13 males; 53.77±15.43 
years).T test revealed senile contingency in two groups. Six lesions were clinically diagnosed 
as OLP, six as leukoplakia, 13 as OSCCs and one as verrucous carcinoma (Table 4).  

The Modified LBC results showed 10 negative and 16 positive results  ,without any 
inadequate results, hence all the specimens were included basal and parabasal layers and 
enough quantity. Histopathologic results were as follow : ( Table 4) 7 lesions diagnosed as 
OLP, 5 as leukoplakia, 11 as OSCC and one as verrucous carcinoma, two lesions(pt Nos 9 
and 23) , were diagnosed as Granular Cell Tumors (GCT) of tongue.  

Clinical diagnosis was in agreement in 88.4% (23/26) with histopathological findings. One 
lichenoid reaction clinically diagnosed as leukoplakia and two granular cell tumors 
clinically diagnosed as OSCCs. In 92.3 %( 24/26, p<0.001) results of modified LBC were in 
agreement with presence of malignancy/dysplasia in histopathology. The two false negative 
results were outcomes of histopathologically focal dysplasia (one mild and one moderate 
dysplasia).  

Kappa value (an index of diagnostic agreement) was calculated 0.806 for modified LBC and 
scalpel biopsy. In our study, SN, SP, PPV and NPV of modified LBC technique were 
calculated as follows: 88.8%, 100%, 100% and 80%. All the samples contained cells of all 
epithelial layers (including basal and parabasal layers) because of specialized designed rigid 
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hairs of CDx brush. This is an advantage, which can resolve the problem of false negative 
and inadequate results and help to improve sensitivity. It is the first attempt to apply Liquid 
Based Cytology (LBC) using a specialized oral cytology instrument (OralCDx® Brush), 
hence other LBC studies in oral cavity have used cervical or dermatologic tools for sample 
collection(Hayama et al. 2005; Navone et al. 2007). 

 

 
Fig. 1. Patient NO.25. A) malignant changes (posterior portions) in a severely dysplastic 
leukoplakia(anterior portions) on maxillary gingiva. B)LBC prepared cytologic slides 
revealed dysplasia in leukoplakic area ,note to different nucleus size and high protein 
synthesis activity (100X magnification – Papanicolaou staining) 

False negative ratio (11%=2/18) was slightly higher than other studies (3.5%, 1.9%, 5%) 
(Christian 2002;Potter, Summerlin, and Campbell 2003; Scheifele et al 2004; Navone et al 
2004). Because of small sample size, especially in premalignant lesions, it is not possible to 



 
Oral Cancer 

 

198 

compare researches. Svirsky reported 4 false negatives but three out of four false negative 
results seemed to originate from incompatible site and time of both biopsy techniques; 
indeed only 1 “ false negative" was reported which could be the result of the technique per 
se. Other negative results seemed to originate from (Svirsky et al. 2002). In our study, 
performing brush biopsy simultaneously on the exact biopsy site could compensate this 
shortcoming. 

Two clinically diagnosed malignancies (OSCCs)-proved to be granular cell tumors of 
tongue- had negative brush results. This suggests more specificity for brush compared to 
clinical diagnosis. SN 88.8% was almost similar to some results of oral exfoliative cytology 
researches (86.5%, 71.4% and 92.3%) (Scheifele et al. 2004; Navone et al. 2004; Poate et al. 
2004; Sciubba 1999) and in contrast to results of other study with extremely high SN (100%) 
(Sciubba 1999).100% PPV was higher than previous studies (38.3% 7.4%and 7.9%) 
(Bhoopathi, Kabani, and Mascarenhas 2009; Svirsky et al. 2002), which can be due to higher 
prevalence of dysplasia and malignancy in our sample group. 

LR+ and LR- are two tools that combine information about the SN and SP of a test and are 
not commonly reported in oral medicine’s literature. LR+ >10 and LR- <0.1 makes a test 
suitable for clinical use. They were infinity and 0.11 respectively that empress positive 
results may be always true .It seems that this finding is because of great prevalence of 
disease in study group and larger sample size can near this result to more realistic value. 
LR- =0.11 shows “moderate decrease in the likelihood of the disease”. 

There was a high diagnostic agreement between brush biopsy and histopathologic 
examination. In two dysplastic lesions the brush could not reveal atypical changes, so 
contingency coefficient was  92.3%. Kappa value was calculated to show diagnostic 
agreement. Based on literature review Kappa value has not been calculated for brush biopsy 
yet. Kappa  result (0.806) was greater than 0.7 and shows substantial agreement between 
brush biopsy and scalpel biopsy. 

Based on our study, high SN,SP, LR+ and Kappa value, showed that modified LBC is a 
suitable test for clinical use. Our modification can eliminate some of the disadvantages of 
conventional, brush and liquid –based cytology, previously attempted in oral cavity. This 
study has some great advantages:1)All subjects under went scalpel biopsy so we could 
compare our results with gold standard so the reported SN,SP,PPV and NPV are 
reliable.2)Both samples were obtained from the same site.3)The special oral brush was used 
to collect cells for LBC. It seems that our study combines the benefits of brush biopsy and 
LBC in early detection of oral premalignant and malignant changes.  

2.3 Vital tissue staining  

2.3.1 Vital iodine stain 

Vital iodine stain (3% lugol solution) has been used to determine the best site for biopsy in 
endoscopy of alimentary tract and cervix.(Navone 2009).This technique works on binding of 
iodine to glycogen granules in the cytoplasm, resulting in a black brown tissue color(Maeda 
et al. 2010; Maeda et al. 2009) . In a study of 54 patients with oral cancer or OPL, this dye 
was used to determine surgical margins. The results showed a significantly low(<2%) 
recurrence rate(Navone 2009). 
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Patient 
number Age(Yrs.) Sex* Clin 

Dia. † 
Brush 

Results 
Histo 
Dia. ‡ 

(P.D.M.H) 
§ 

1 65 M SCC¶ Pos SCC level 5 
2 48 M LEUK** Pos LEUK level 3 
3 71 M SCC Pos SCC level 5 
4 67 F SCC Pos SCC level 5 
5 74 M LEUK Pos LEUK level 1 
6 40 M LEUK Neg LEUK level 2 
7 79 F LEUK Neg OLP†† level 1 
8 70 F SCC Pos SCC level 5 
9 49 F SCC Neg GCT Normal 

10 74 F SCC Pos SCC level 5 
11 73 F Ver.car†† Pos Ver.car level 5 
12 55 F OLP‡‡ Pos OLP level 2 
13 70 M OLP Neg OLP Normal 
14 47 F SCC Pos SCC level 5 
15 36 M OLP Neg OLP Normal 
16 36 M OLP Neg OLP Normal 
17 39 M SCC Pos SCC level 5 
18 69 M SCC Pos SCC level 5 
19 35 F SCC Pos SCC level 5 
20 64 M SCC Pos SCC level 5 
21 35 M OLP Neg OLP Normal 
22 52 M OLP Neg OLP Normal 
23 42 F SCC Neg GCT Normal 
24 70 F LEUK Neg LEUK Normal 

25(Lesion1) 22 F LEUK Pos LEUK level 3 
25(Lesion2) 22 F SCC Pos SCC level 5 

Abbreviations: *sex is defined as Male(M) and Female(F),†Clinical diagnosis,‡ histopathological 
diagnosis, § presence of dysplasia/malignancy in histopathology, ¶ squamous cell carcinoma, 
**leukoplakia, †† verrucous carcinoma,,‡‡ oral lichen planus or lichenoid reaction .Brush biopsy results 
are defined as Positive (Pos),Negative(Neg ),and in adequate results(IAR) 

Table 4. Demographic data in addition to clinical ,modified(Liquid-Based) brush biopsy and 
histopathological diagnosis. 

2.3.2 Toluidine blue staining  

Toluidine blue (TB) is a metachromatic dye that binds to nucleic acids(DNA or RNA) and 
can help to better visualization of high risk areas-with rapid cell proliferation of oral SCC or 
OPL.This will guid the clinician to : 

- Detect carcinoma in situ and early invasive OSCC 
- Delination of surgical fields for biopsy sites 
- Detection of second primary cancers or satellite tumors 
- Recognition of post-treatment recurrence(Rosenberg and Cretin 1989) 
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There have been some studies about diagnostic accuracy of TB staining (Epstein et al. 2008; 
Epstein and G¸neri 2009; Lingen et al. 2008; Patton, Epstein, and Kerr 2008; Rhodus 
2009).These studies have addressed some limitations. Ligen et al reviewed these studies and 
concluded that absence of randomized clinical trials and histological diagnosis as gold 
standard and variability of methods of applications are the major factors in exact diagnostic 
value of TB. (Lingen et al. 2008)In other reported studies, SN is high but SP is low due to dye 
absorption by inflammatory lesions. It is a cheap, easy and none-invasive technique. 
(Epstein and G¸neri 2009; Epstein et al. 2007; Rhodus 2009). SN and SP are calculated at 38-
100% and 9-100 %,respectively .(Awan, Morgan, and Warnakulasuriya 2011; Epstein and 
G¸neri 2009; Epstein et al. 1997; Martin, Kerawala, and Reed 1998; Warnakulasuriya and 
Johnson 1996) 

It seems that SN in detecting dysplasia is still low. A high false positive result is a great 
limitation of clinical implication as a screening method. Sometimes subjective interpretation of 
the mucosal staining (dark royal blue compared to pale blue) cause differences in 
results(Lingen et al. 2008).A comprehensive review on clinical effectiveness of TB showed that 
TB is not a cost-effective method of picking up OSCC in primary care setting (Gray et al. 2000). 

ViziLite plus is a system which uses TB in combination with ViziLite pens- a disposable 
chemiluminescent light device- to enhance the malignant changes of oral mucosa (see light-
based detection systems) 

2.3.3 Other staining methods  

Methylene blue has been used for detection of oral cancer and OPL.SN, SP, PPV and NPV 
has been reported 90%, 69%, 74% and 87% respectively (Chen, Lin, Fong, et al. 2007; Chen, 
Lin, Wu, et al. 2007). 

Rose bengal RB has been used to detect non-healthy epithelial mucosa such as ocular 
epithelium specially neoplasms(Kim 2000; Khan-Lim and Berry 2004; Wilson 2nd 1976; 
Singh et al. 2004) . One study was conducted in 132 cases of oral OPLs and oral SCC with a 
refined 4-grades shade guide. The results showed SN, SP, PPV and NPV to be 93.9%, 73.7%, 
55.4% and 97.2% respectively. Six lesions with normal appearance in clinical examination 
were disclosed by RB staining. The authors concluded that RB staining can be used as a 
valuable diagnostic procedure in hospital-based population (with a high prevalence of 
malignancy dysplasia). Further research is necessary to reveal its benefits as a screening test 
(Du et al. 2007). 

2.4 Light-based detection systems  

2.4.1 Chemluminescence (reflective tissue fluorescence)  

In this technique the mouth is rinsed with 1% acetic acis wash, which helps to remove debris 
and increase the visibility of epithelial cell nuclei as a result of mild cellular dehydration. 
The blue white illumination will be reflected by abnormal tissue, making occult lesion 
distinguishable from normal mucosa (Lingen et al. 2008). The normal mucosa appears blue 
whereas abnormal mucosal lesions reflect the light and appear more aceto-white with 
brighter, sharper and more distinct margins (Epstein et al. 2006; Farah and McCullough 
2007; Kerr, Sirois, and Epstein 2006; Ram and Siar 2005). 
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In a clinical survey of 150 patients visiLite system was used to examine oral lesions. Since all 
lesions were not biopsied and compared with gold standard, diagnostic accuracy was not 
achieved (Huber, Bsoul, and Terezhalmy 2004).One case with normal clinical appearance 
was detected by ViziLite. All cases of leukoedema were aceto-white. These finding suggest 
that despite high SN of ViziLite, SP is still low. Several studies about viziLite examination 
for case-finding or screening of oral cancer (Farah and McCullough 2007; Huber, Bsoul, and 
Terezhalmy 2004; Oh and Laskin 2007) but the majority of them lack histopathologic 
correlation, which questions the diagnostic value. Most researchers found that this device 
has little benefit in discriminating Occult lesions. In addition distracting highlights 
produced by ViziLite system may make oral examination more difficult than with normal 
operating light (Oh and Laskin 2007). If well controlled clinical trials can show it’s benefit in 
differentiating lesions, from normal appearing mucosa, this technology can be used as a true 
screening tool (Lingen et al. 2008). 

Some studies(Bhalang et al. 2008; Oh and Laskin 2007) showed benefit with the use of acetic 
acid 1% or vinegar (5% acetic acid) prerinse for better visualization of oral mucosa, so acetic 
acid can be used without the accompanying light system. 

2.4.2 Tissue fluorescence imaging  

In this technique an intense blue excitation light (400-460 nm) is illuminated to oral mucosa 
and the abnormal tissue emits fluorescence due to altered structure and metabolism of 
epithelium and subepithelial stroma. Normal mucosa emits a pale green autofluorescence 
while abnormal tissue appears darker in comparison to surrounding healthy tissue. 
Microlux, orascoptic and veloscope are examples of this technique. Case series have found 
high sensitivity (98-100%) and specificity (3-100%) of veloscope in identifying areas of 
dysplasia and cancers that extended beyond the clinically evident tumors(Abdo et al. 2007; 
De Veld et al. 2005; Lingen et al. 2008; Onizawa et al. 1999; Patton, Epstein, and Kerr 
2008).To date there are no puplished studies about using veloscope as a diagnostic adjunct 
in screening low risk population or in patients examined by primary health care providers 
(Lingen et al. 2008). 

2.4.3 Tissue fluorescence spectroscopy  

This technique consists of a small optical fiber that produces various excitation wave lengths 
and a spectrograph which receives and records on a computer and analyzes via a dedicated 
software, the spectra of reflected fluorescence from the tissue (De Veld et al. 2005; Inaguma 
and Hashimoto 1999; Lingen et al. 2008; Patton, Epstein, and Kerr 2008). This technique is 
very accurate in distinguishing normal mucosa from different lesions, but due to small size 
of optical fiber it is not practical to scan large areas of oral mucosa. Also it can not 
distinguish benign lesions from malignancy (De Veld et al. 2005; Inaguma and Hashimoto 
1999; Lingen et al. 2008; Patton, Epstein, and Kerr 2008). 

2.4.4 Other light-based techniques  

Contact endoscopy and endoscopic high frequency ultra sound are promising new imaging 
systems which have been used in nasopharyngeal lesions. These techniques has been used 
in oral cavity and a SN=91.3% and SP=100% have been reported (Mallia et al. 2008). Narrow 
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band imaging is a novel technique which uses narrow-band spectrum optical filters to 
enhance the visualization of mucosal and sub-mucosal microvascular patterns. (Piazza et al. 
2010) SN, SP, PPV and NPV for this technique in combination with a high definition 
television have been reported as 96%, 100%, 100% and 93% respectively (Piazza et al. 
2010).Further research is necessary to better understand the diagnostic value of these new 
technologies (Andrea et al. 1997; Andrea, Dias, and Santos 1995; Speight et al. 1995). 

2.5 Cellular and molecular techniques  

There are many diagnostic aids which can detect premalignant and malignant changes in 
cellular and molecular level at early stages. Examples are cytomorphometric and 
histomorphometric analysis, molecular analysis and genetic alteration assessment. These 
methods employ immunohistochemistry, histochemistry and immunologic techniques in 
detection of early changes. Yet these techniques are used for research purposes and are not 
clinically applicable. (Bourhis et al. 1996 ;Remmerbach et al. 2001; Maraki, Becker, and 
Boecking 2004; Maraki, Hengge, et al. 2006; Maraki, Yalcinkaya, et al. 2006; Yamazaki et al. 
2008 ; Nagamani et al. 2010;Mohtasham et al. 2010; OHTA et al. 2010;Böcking et al. 2011).In 
addition these methods are expensive and are not widely accessible and only expert 
clinicians can use them for early diagnosis. More studies must be conducted to evaluate 
these techniques as screening methods of oral cancer.  

3. Conclusion 
There are many diagnostic aids for early detection of oral cancer. Yet the gold standard of 
oral cancer diagnosis is surgical biopsy, which can be performed by a trained 
dentist/physician. Diagnostic aids can be used in different situations specially when a 
surgical biopsy is not indicated and can help the clinician to: 

1. Choose the best site for biopsy 
2. Follow up a patient with a premalignant lesion 
3. Screen for oral cancer in high risk patients or high risk sites of oral cavity (e.g. ventral 

tongue, floor of the mouth etc.)  
4. Make a preliminary diagnosis when there is a systemic contraindication for surgical 

biopsy 
5. Differentiation of pseudoepitheliomatous hyperplasia from a real malignancy. 
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1. Introduction 
1.1 A brief history of head and neck reconstruction 

Head and neck cancer treatment may cause significant functional and esthetic morbidity 
with quality-of-life limiting sequelae. Factors like lesion’s topography and extension as well 
as the function of the compromised structures will determine the characteristics of the 
defect; the reconstruction modality chosen, the multidisciplinary rehabilitation work and the 
patient’s adaptation capacity will determine the impact of oral cancer treatment on overall 
life quality. Therefore, it’s necessary to perform a critical appraisal of the available methods 
for reconstruction and its interaction with rehabilitation on each patient in order to ensure 
optimal results (Gal & Futran, 2002). 

Pedicled fasciocutaneous flaps from the trunk were the major form of head and neck 
reconstruction until 1963 (Pagedar & Gilbert, 2009). These flaps have significant limitations 
due to unreliable perfusion, limited skin island flap, absence of muscle or bone and the need 
for at least two operations.They were followed by local flaps, with a defined vascular 
pedicle and a greater extension of available tissue for transfer. They allowed for better 
functional and cosmetic outcomes and the realization of a wider range of surgeries. Among 
these flaps we may cite McGregor (McGregor, 1963) and Bakamjian (Bakamjian, 1965) flaps 
which were the major form of reconstruction after head and neck ablative surgery in the 
period from 1963 to the end of the seventies. 

A major development in head and neck reconstruction was the introduction of the pectoralis 
major flap by Ariyan (Ariyan, 1979a, 1979b). The pectoralis major flap presented major 
advantages over the local and random flaps such as: blood supply from a well-defined and 
calibrous vascular pedicle; the possibility to include skin, muscle and bone in a single flap; 
long pedicle, allowing for coverage of distant sites like the maxillary sinus and parietal area; 
primary closure of the donor area; and adequate coverage of the neck vessels after neck 
dissection. 

The development of microvascular surgery parallels that of pedicled flaps with the 
description by Seidenberg of autologous jejunal transplantation for esophageal 
reconstruction (Seidenberg, 1959). But the initial large series of microsurgical flaps were not 
published until the 1970’s (O’Brien et al, 1974). Since then, free flaps have become the 
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workhorse of head and neck reconstruction with and expanding role and a significant 
impact on treatment outcome. 

1.2 Advantages of free flaps over pedicled flaps 

We believe that free flaps possess major advantages over pedicled flaps, allowing for better 
reconstructions and, therefore, a better rehabilitation. The successful reconstruction allows 
for improved dental and prosthetic rehabilitation with a significant impact on the patient’s 
quality of life. 

A major difference between free and pedicled flaps is the available donor areas. While 
pedicled flaps are restricted to the transplantation of nearby tissues of the ablation site, such 
limitation is not significant for free flaps, with more than twenty different donor areas 
already described. It allows for considerations on the cosmetic of the donor area to be 
evaluated and considered as part of the decision process. A critical example of this 
advantage is the possibility of sparing thoracic scars and breast deformity in young female 
patients. 

Free flaps also allow for tailor-made reconstructions with the use of flaps that are ideally 
suited to that specific region and defect. Factors like tissue malleability, thickness and hair 
coverage may be planned ahead and designed to best suit the defect. A major example is the 
use of the radial forearm free flap for oral reconstruction when compared to the pectoralis 
major flap (Jacobsen et al, 1995). 

An interesting feature of free flaps is the possibility of reinnervation, with recovery of 
sensation at the defect area. Previous research demonstrated that nervous ingrowth may 
occur in noninnervated flaps (Sebesan et al, 2008), but this finding is controversial (Vries et 
al, 1996). In a case-control study comparing oral tongue resection patients after antebrachial 
cutaneous nerve-lingual nerve anastomosis and healthy controls, recovery of some sensory 
ability was demonstrated in all patients but significant differences were noted when 
compared to controls in mastication, speech intelligibility and sensory capabilities of the 
neotongue (Loewen et al, 2010). 

The risk of recurrence is inherent to any malignant neoplasm and a significant proportion of 
oral cancer patients will present some form of it during their follow-up. Local recurrences 
may occur in 25 to 48 % of patients with oral cavity or oropharynx squamous cell 
carcinomas, depending on their TNM stage and other pathological factors (Agra et al, 2006). 
When free flaps are used on the initial ablative procedure, the pectoralis major flap and 
other regional and local flaps are preserved for the eventuality of salvage surgery. This is a 
major advantage considering the impact of local tumor recurrence on patient performance 
and its capability to support a major procedure like microvascular flap surgery. The risk of a 
second primary head and neck cancer is also significant and may be another useful situation 
to have a local/regional flap available. 

1.3 Considerations on patient selection 

We consider all patients at their first ablative surgery as potential candidates for free flap 
reconstruction but, in a set of patients, we still perform local or regional flaps. The most 
significant decision criterion is the performance status of the patient (Rodrigues et al, 2009). 
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Patients with a Karnofsky performance-status (KPS) below 60 % aren’t considered for free 
flap reconstruction. We also consider absence of suitable arterial recipient vessels in the neck 
as a major contraindication. The lack of venous recipient vessels is more easily managed by 
rotation of the cephalic vein or the use of interposition grafts. Finally, prior carotid surgery, 
as endarterectomy, is considered a contraindication for free flap transfer. 

Importantly, age is not a contraindication to free flap surgery. The population’s longevity is 
increasing worldwide and more and more patients get at the seventh decade of life and 
beyond in good overall health conditions. Also, the development of anesthetic techniques 
and intensive care support added to the security of performing major surgeries on these 
patients.  

Nao et al analyzed the results of free flap reconstruction for elderly patients (>70 yrs) and 
showed that advanced patient age had a significant impact on overall, disease-free, and 
specific survival on univariate analysis but on multivariate analysis, only overall survival 
was affected. Most importantly, the functional outcomes were similar between old and 
young patients (Nao et al., 2011). In an article investigating the impact of age on patients 
submitted to major head and neck procedures, age wasn’t considered as a major prognostic 
factor for surgical outcome (Boruk et al, 2005). In our own experience, age is no longer 
considered as significant when considering the reconstruction modality to be employed, 
being replaced by performance-status evaluation. This option is supported by several 
reports on the literature in which adequate control of preoperative comorbidity is 
performed (Bridger et al, 1994; Beausung et al, 2003). 

In the salvage setting, free flaps are the first option for reconstruction. In this situation, 
patients usually have a lower KPS than at primary treatment and the possibility of vessel-
depleted necks is higher. Therefore, we believe that reliability of the flap is a major concern 
with the radial forearm free flap and the anterolateral thigh flap being considered the first 
options due to their long and calibrous vascular pedicles. The need for vein grafting is more 
frequent in this setting. Finally, the major indication for free flap reconstruction in patients 
submitted to salvage is the functional improvement it may represent over conventional, 
pedicled flaps. 

The surgeon must account for factors that may hinder tissue healing when planning the 
reconstruction. These factors are related both to patient and wound characteristics and may 
alter the healing progression and jeopardize patient recovery (table 1)  (Pagedar & Gilbert, 
2009). 

 
 

Patient-related factors Wound-related factors 
  
Denutrition Radiotherapy  
Immunodeficiency Contamination 
Diabetes mellitus Infection 
Tobacco abuse  
Advanced age   

Table 1. Factors that may impact on healing in patients with oral cancer. 
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An interesting point is made by Hanasono et al when comparing the impact of microsurgery 
on the outcomes of surgical oral cancer. They state that even after the availability of free 
flaps, a significant percentage of patients where still been reconstructed by regional or local 
pedicled flaps (Hanasono et al, 2009). We also believe that free flaps don’t replace other 
modalities of reconstruction but should be considered as an addition to the options at 
disposal. 

2. Reconstruction of specific sites 
2.1 Reconstruction of the oral cavity and oropharynx 

The upper aerodigestive tract is formed by multiple structures that possess complex and 
interdependent functions. They are essential for breathing and feeding as well as for the 
speech capabilities and their compromise may significantly impact on basic, survival 
capabilities as well as in personal communication. The resection of oral cancer implies in 
the interruption, at least temporarily, of these functions, adding morbidity to these 
patients. The reconstruction and rehabilitation phases of treatment aim at restoring 
function and self-image as similar as possible to those before treatment (Vos & Burkey, 
2004). The evolution of reconstructive surgery transformed the treatment of oral cancer 
from a highly disfigurative procedure, usually in multiple stages to a single stage 
procedure with adequate results. Nowadays, we cannot consider the treatment of the 
tumor as the final and unique objective to be pursued or be satisfied with quicker and 
easier reconstruction techniques if this will cause functional or cosmetic sequelae 
(Brennan & Cummings, 1999).  

A significant advantage of free flaps and the first step in the reconstruction is the choice of 
the donor area and the design and planning of the flap. It allows for tailor-made flaps 
designed to allow the preservation of the non-resected tissues’ anatomy with improved 
function preservation and coverage of vessels and bone. A major example is the oral tongue 
in patients submitted to partial pelveglossectomies. Primary closure using a tongue flap will 
cause such decrease in mobility that the patient behaves like one submitted to total 
glossectomy. A fasciocutaneous microsurgical flap allows the preservation of tongue 
mobility along aside intraoral volume. This results in better functional results even for 
patients with small post-resection defects.  

We standardized the following four flaps for reconstruction of the oral cavity and 
oropharynx: the radial forearm free flap (RFFF), the lateral arm flap (LAF), the rectus 
abdominis flap and the anterolateral thigh flap (ALTF). The choice among them depends on 
the extent of the defect, its location, the availability of recipient vessels and the patient body 
profile. 

The main staples of oral tongue and oropharyngeal reconstruction are the LAF and the 
RFFF. They are chosen if the defect encompasses no more than 70 % of the tongue. In these 
cases, a pliable, flexible and thin flap will allow adequate movements of the remaining 
tongue with good overall function. 

The LAF has become our workhorse in patients that need a thin, pliable fasciocutaneous 
flap. Its main indications are (Faria el al, 2007): 



 
Oral Cancer 

 

212 

An interesting point is made by Hanasono et al when comparing the impact of microsurgery 
on the outcomes of surgical oral cancer. They state that even after the availability of free 
flaps, a significant percentage of patients where still been reconstructed by regional or local 
pedicled flaps (Hanasono et al, 2009). We also believe that free flaps don’t replace other 
modalities of reconstruction but should be considered as an addition to the options at 
disposal. 

2. Reconstruction of specific sites 
2.1 Reconstruction of the oral cavity and oropharynx 

The upper aerodigestive tract is formed by multiple structures that possess complex and 
interdependent functions. They are essential for breathing and feeding as well as for the 
speech capabilities and their compromise may significantly impact on basic, survival 
capabilities as well as in personal communication. The resection of oral cancer implies in 
the interruption, at least temporarily, of these functions, adding morbidity to these 
patients. The reconstruction and rehabilitation phases of treatment aim at restoring 
function and self-image as similar as possible to those before treatment (Vos & Burkey, 
2004). The evolution of reconstructive surgery transformed the treatment of oral cancer 
from a highly disfigurative procedure, usually in multiple stages to a single stage 
procedure with adequate results. Nowadays, we cannot consider the treatment of the 
tumor as the final and unique objective to be pursued or be satisfied with quicker and 
easier reconstruction techniques if this will cause functional or cosmetic sequelae 
(Brennan & Cummings, 1999).  

A significant advantage of free flaps and the first step in the reconstruction is the choice of 
the donor area and the design and planning of the flap. It allows for tailor-made flaps 
designed to allow the preservation of the non-resected tissues’ anatomy with improved 
function preservation and coverage of vessels and bone. A major example is the oral tongue 
in patients submitted to partial pelveglossectomies. Primary closure using a tongue flap will 
cause such decrease in mobility that the patient behaves like one submitted to total 
glossectomy. A fasciocutaneous microsurgical flap allows the preservation of tongue 
mobility along aside intraoral volume. This results in better functional results even for 
patients with small post-resection defects.  

We standardized the following four flaps for reconstruction of the oral cavity and 
oropharynx: the radial forearm free flap (RFFF), the lateral arm flap (LAF), the rectus 
abdominis flap and the anterolateral thigh flap (ALTF). The choice among them depends on 
the extent of the defect, its location, the availability of recipient vessels and the patient body 
profile. 

The main staples of oral tongue and oropharyngeal reconstruction are the LAF and the 
RFFF. They are chosen if the defect encompasses no more than 70 % of the tongue. In these 
cases, a pliable, flexible and thin flap will allow adequate movements of the remaining 
tongue with good overall function. 

The LAF has become our workhorse in patients that need a thin, pliable fasciocutaneous 
flap. Its main indications are (Faria el al, 2007): 

 
Microsurgical Reconstruction of the Oral Cavity and Oropharynx After Cancer Ablation 

 

213 

 Provide enough skin island for defect closure without tension; 
 Primary closure of the donor area is possible; 
 Good recipient vessels without the need for vein grafting; 
 Compatible thickness of the flap with defect area; 

The advantages of the LAF for oral reconstruction were also demonstrated in another article 
with assessment of donor site morbidity and esthetic outcome. The authors report an 
excellent esthetic outcome with a patient’s satisfaction of 6.58 for the primary site and 7.13 
for the donor area in a 0 to ten scale. They also remark that all patients had intelligible 
speech (Thankappan et al, 2011). 

Otherwise, our second choice is the RFFF (Rodrigues et al, 2007). It possesses several 
disadvantages when compared to the lateral arm flap like the need to graft the donor area 
causing a cosmetic defect in an exposed area and the sacrifice of the radial artery. Its main 
indications in our routine are: 

 Need of long, calibrous pedicle; 
 Vein graft interposition in vessel depleted necks; 
 Thickness more constant and predictable than LAF, which may be unsuitable in obese 

patients due to adipose tissue. 

The anterolateral thigh flap may also be used for reconstruction of small defects in the 
oral cavity as demonstrated by Bussu et al. In a quality of life analysis, they found similar 
functional outcomes between the ALTF and other flaps after oral reconstruction, 
including the mobile tongue (Bussu et al, 2011). In a specific comparison of the ALTF and 
the RFFF for hemiglossectomy defects, both groups had similar functional outcomes 
regarding speech and swallowing. The donor area of the ALTF group were primarily 
closed without complications while the RFFF patients were all submitted to skin grafts 
with a 40 % loss rate (de Vicente et al, 2008). Also, the ALTF donor area may provide 
more soft tissue, with a significant difference in flap area when compared to the RFFF 
(p=0.005) at a lower complications rate (p=0.035), the only significant disadvantage being 
the longer flap-harvesting time (p=0.020) (Kesting et al, 2011). In an analysis of functional 
results after RFFF (17 patients) or ALTF (31 patients) for oral and oropharyngeal 
reconstruction, no significant differences could be demonstrated (Camaioni et al, 2008). 

Patients that more than 70 % of tongue removal are, in our opinion, better candidates for a 
bulky, thick flap that provides more intraoral volume and is less pliable. Resections 
involving the base of tongue has a significant impact on quality of life, especially in the oral 
feeding domain, and its restoration through free flap reconstruction seems to improve the 
effect of tissue loss (Hartl et al, 2009). Our choices in these cases are the anterolateral thigh 
flap and the rectus abdominis flap. The ALTF is usually preferred due to the large and long 
vascular pedicle and its flexible composition allowing transfer as a fasciocutaneous or a 
myocutaneous flap. In our experience, this flap had a significantly higher complication rate 
at the donor site than the RAFF but these most related to fluid accumulation and wound 
dehiscence with minimal impact on morbidity while the RAFF presented usually with more 
significant complications like bleeding and abdominal wall weakness. Also fasciocutaneous 
flaps pose less strain on the recipient vessels due to their lower blood flow. (Rodrigues et al, 
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2006). A third option, no longer in routine use at our service, is the latissimus dorsi flap. Its 
indications were similar to those of the two previous flaps but the need to mobilize the 
patient during the procedure increased operative time and flap ischemia time. These bulky 
flaps allow for adequate oral intake and emission of a greater number of phonemes (in 
native Portuguese speakers) even after total removal of the tongue.  

The planning of a bulky flap must consider its volume loss over time. In a recent article with 
serial volume evaluation by CT scan or magnetic resonance imaging, the estimated volume 
decrease was 20.9% and 24.8 % for the ALTF at 12 and 24 months after the procedure (Cho 
et al, 2011). The use of adjuvant radiotherapy must also be remembered since it will have a 
major impact on fat tissue atrophy and therefore volume change (Fujioka et al, 2011). 
Another option for these patients is the gracilis myocutaneous flap. It allows for 
reinnervation with microsurgical anastomosis of the obturator nerve to the gracilis with the 
hypoglossus. This may preserve muscular tonus and decrease volume loss over time. The 
intention is to replace the motor function of the genioglossus muscle, that is significant for 
deglutition, and the mylohyoid muscle, that elevates the larynx and prevents aspiration 
(Yoleri & Mavioglu, 2000). 

A significant contribution for the rehabilitation of the oral cancer patient and its return to 
everyday life is made by the speech therapist. The first postoperative evaluation is 
performed immediately after patient dismissal from the intensive care unit and therapy is 
started as soon as possible. A major concern is to start oral feeding and remove the 
tracheostomy tube before the beginning of adjuvant therapy (radiotherapy or 
chemoradiation). We strongly believe that early rehabilitation will have a significant impact 
on late quality of life. 

2.2 Reconstruction of the mandible 

The resection of the mandible is an integral part of oral cancer treatment and may be 
caused by direct tumor invasion or to allow oncologic margins to be achieved. The 
mandible is essential for mastication, deglutition, speech and oral continence. Mandible 
reconstruction is therefore essential in obtaining adequate functional recovery and aims at 
preserving facial contour and better rehabilitation of both speech and oral feeding. 
Resections affecting the anterior arch are most prone to produce significant sequelae. 
Another significant factor when considering mandible reconstruction is future dental 
rehabilitation.  

Free flaps were a major revolution for mandible reconstruction allowing long segments of 
vascularized bone to be used. They are more resistant to radiotherapy than bone grafts and 
present little resorption. Also, they allow for immediate dental rehabilitation using 
osteointegrated implants. Four flaps are commonly used for mandible reconstruction: the 
fibular flap, the iliac crest flap, the scapular flap and the radium flap. We will briefly discuss 
the first two since they are our usual choices. 

The fibular osteocutaneous flap represents our first option for mandible reconstruction. It 
allows for a long segment (up to 25 centimeters) of vascularized bone to be transferred to 
the head and neck region with minor morbidity to the donor site. We consider as major 
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advantages of this flap its long and reliable vascular pedicle and its location far away 
from the oncologic surgery site allowing for a two-team approach. A major drawback is 
the limited amount of soft tissue available in the traditional flap design although a 
technique with simultaneous transfer of the soleus muscle is described, allowing its use to 
reconstruct soft tissue defects or improving neck contour by replacing the 
sternocleidomastoid muscle after its removal en bloc with the neck dissection specimen 
(Ersoy et al, 2011). In our experience, we prefer a second flap when the fibular flap can’t 
satisfy the need for soft tissue. In these patients we use either the pectoralis major 
myocutaneous flap or the microvascular ALTF. This finding is also demonstrated in he 
literature. In a review of patients with multiple free flap reconstructions at M.D. Cancer 
Center from 2001 to 2007, thirty-four patients (87 %) had defects involving the mandible 
associated with extensive soft tissue resections. The reconstruction had a satisfactory 
functional result in most patients (Hanasono et al, 2008). The use of double simultaneous 
free flaps should be performed in selected patients due to the high complication rate of 
the procedure and usually limited functional outcome (Andrades et al, 2009). We prefer to 
reserve this reconstruction option in patients with low comorbidity index and good 
oncologic prognosis. 

In a series of 117 patients submitted to free fibular flaps, the quantity of available bone, the 
height of the bone at reconstruction site, and the possibility of dental rehabilitation are the 
major advantages of the fibular flap. They point to a 8.5 % failure rate and calf paresthesias 
as a major donor site morbidity, affecting 21 % of patients (López-Arcas et al, 2010). 

The iliac crest flap main indication is actually a contraindication to the fibular flap. Patients 
with previous history of lower limb fracture or signs of arterial vascular insufficiency are 
considered unsuitable for the fibular flap. Also, we perform this flap in patients with limited 
bone defect when the split iliac crest will suffice. 

Although not in our routine use, the scapular flap is a good option when we consider the 
amount of soft tissue that may be taken along the bone flap. Its most significant feature is 
the possibility of two separate skin paddles, allowing for greater flexibility in flap suturing 
at the defect area. The osteocutaneous radial forearm free flap is presented as an alternative 
to the fibular flap. In a comparison, this flap presented a lower but not statistically 
significant (p=0.13) complication rate at the donor site and comparable rates of oral diet 
intake (p=0.49), bony malunion (p=0.26) and dental implants, although they were at a very 
low rate (2.3 % of all patients). Also, only patients with segmental mandible defects were 
included (Virgin et al, 2010). 

3. Oncologic results 
The reconstruction is usually implied in the functional results of the treatment although 
recently authors have investigated its role in the oncologic outcomes of oral cancer 
treatment. Series of patients submitted to free flap reconstruction focused on showing their 
survival results without effectively comparing different treatment modalities. The main 
focus was stating the acceptable survival rates obtained by free flap reconstruction and 
encouraging their use (Podrecca et al, 2006). These articles presented contradictory results 
due to different settings, patient selection and statistical analysis. 
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In our opinion, a major impact of free flaps on the ablative procedure is the amount of tissue 
available for transfer. The oncologic surgeon has more freedom to extend the surgery 
beyond the limits of what could be safely reconstructed using the pectoralis major flap or 
local flaps. Also, the level of specialization necessary for microsurgery requires, usually, a 
two-team approach. This allows each team to focus on a single part of the procedure with 
greater freedom of action.  

In a retrospective cohort of 98 patients submitted to either free flap or regional flap 
reconstruction, a significant difference in survival was noted between the two groups 
(67.3% or free flaps and 47 % for pedicled flaps, p=0.03). In univariate analysis, 
compromised surgical margins and recurrence were significant for survival in the free 
flap group. At final analysis, the modality of reconstruction was not significant but 
showed a trend toward better survival (de Vicente et al, 2011). The impact of free flap was 
more evident in a retrospective study of 773 patients with oral squamous cell carcinoma. 
A direct comparison between the groups and a matched-pair were performed. In the first 
analysis, a significant impact of microsurgical reconstruction was observed (HR: 0.66, 95% 
CI: 0.52 – 0.83, p<0.001) that was magnified by the matched-pair analysis (HR: 0.58, 95% 
CI: 0.44 – 0.73, p<0.001). The benefit of microsurgical reconstruction in these patients was 
observed mostly for patients with primary tumors staged as T3/T4a (HR: 0.46, 95% CI: 
0.31 – 0.69, p<0.001) and the benefit for patients with T1/T2 tumors was less clear 
although a trend towards better results was shown (HR: 0.74, 95% CI: 0.53 – 1.04, p=0.08). 
A significant characteristic from this article is that patients with close or compromised 
surgical margins were excluded from analysis. The authors consider free flap 
reconstruction recommended, especially when postoperative functional deficits are 
expected (Mücke et al, 2010). A small study also designed to evaluate the impact of 
microsurgical reconstruction on survival didn’t show any significant improvement only a 
trend towards better prognosis (Marchetti et al, 2008). This study didn’t directly compare 
the results of free flaps and pectoralis major pedicled flaps. 

In a series from M.D. Anderson, the authors show the possible impact of free flap 
reconstruction on patient survival. They don’t direct compare the impact of free flap 
reconstruction with pedicled flaps but rather of those patients operated before and after the 
establishment of microsurgical reconstruction. They report a higher rate of advanced tumors 
both at the primary site and in the neck after the availability of free flaps. In this series, free 
flaps didn’t have a significant impact on local recurrence (p=0.48), overall survival (p=0.63) 
and disease-specific survival (pp=0.124), but caused a significant decrease in compromised 
surgical margins rate. A major observation is that even after free flap introduction, 
approximately one-third of all patients receive pedicled flap reconstruction (Hanasono et al, 
2009). 

In a retrospective analysis of our experience including 605 patients (Rodrigues et al, 2011) 
we could confirm the two above-mentioned facts. After their introduction, free flaps 
became the main modality for reconstruction after oral cancer ablation (figure 1).  
A significant impact of free flaps occurred on the rate of compromised surgical margins 
(p<0.0001). This increase in free margins rate in surgery had a significant impact on local 
recurrence rate (figure 2) and disease-specific survival (figure 3). Microvascular flaps also 
had a significant impact on the interval for adjuvant treatment, allowing its timelier 
introduction (p=0.03). 
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Fig. 1. Time period distribution of free and pedicled flaps in A C Camargo Hospital, São 
Paulo, Brazil. 

 

 

 
Fig. 2. Local recurrence in patients with advanced-stage (T3/T4) primary tumors submitted 
to pedicled or free flaps. 
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Fig. 3. Disease-specific survival in oral cancer patients according to reconstruction modality. 
Only patients with T3/T4 primary tumors were included. 

Based on data from these different studies, we believe that oral cancer reconstructive surgery 
should be based on a two-team approach and make extensive use of free flaps. Its indication 
for patients with high-risk tumors has been challenged by cost-effectiveness analysis of these 
patients and their risk of recurrence. Some even argue that free flaps should be reserved for 
selected patients, excluding patients with features like advanced tumor stage, clinically 
compromised neck lymph nodes and other poor prognosis markers. These patients would 
derive the least benefit from the reconstructive procedure (Schusterman et al, 1991). Our 
opinion is exactly the opposite. All patients with oral cancer should be considered candidates 
for free flap reconstruction and adverse prognostic characteristics shouldn’t be considered a 
counter indication. Usually, these patients are those that have extensive soft tissue or mandible 
defects and whose rehabilitation will be significantly improved by free flaps. As demonstrated 
by our experience (Rodrigues et al, 2011) and the article by Mücke et al (Mücke et al, 2010), the 
choice of reconstruction modality may even have a significant impact on their oncologic 
outcome. Although the three studies that compare he impact of microsurgical flaps on survival 
have different inclusion criteria, the sum of their results in a meta-analysis, favors the use of 
free flaps over pedicled flaps in oral cancer patients (table 2). 
 

Study RR 95 % CI Weight 
    
de Vicente, 2011 1.139 0.898 – 1.445 7.54  
Rodrigues, 2011 1.233 1.137 – 1.336 37.31 
Mücke, 2010 1.087 1.004 – 1.177 55.15 
Pooled RR 1.145 1.083 – 1.211 100.00 

Table 2. Meta-analysis of the oncologic outcome of free flaps reconstruction on oral cancer 
patients. 
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4. Functional outcomes 
Good functional outcomes are a major objective of head and neck reconstructive surgery. 
They mean not only quality of life but also survival. In a previously published study, good 
general physical health, ability to oral feed communication and absence of pain were 
strongly correlated with survival (Karvonen-Gutierrez et al, 2008). The return to 
preoperative status is the ultimate goal, allowing resumption of a normal, productive life 
with adequate social interaction and quality of life. 

In a prospective study of quality of life using the University of Washington – Quality of life 
and the Head and Neck Performance Status Scale a significant impact of the reconstruction 
modality is observed. A significant decrease of the scores is observed after 3 months, with 
progressive improvement until 1 year after treatment, achieving normal or near normal 
function in 77 % of patients. In multivariate analysis, segmental mandibulectomy and free 
flap reconstruction were significant, with significant improvement when compared to other 
reconstruction modalities (Villaret et al, 2008). This finding is confirmed by another study 
that evaluates quality of life before and after surgery and free flap reconstruction of 
advanced stage head and neck cancer. A significant decrease is observed immediately after 
treatment with significant improvement and return to preoperative levels after six months 
(Rizvi et al, 2009). 

The removal of the mobile tongue is perhaps the main cause of disability and functional 
limitation after oral cancer ablation. The use of the RFFF may significantly improve the 
outcome of such patients. Longitudinal analysis of swallowing function and tongue mobility 
in a group of 15 patients and comparison against patients without tongue involvement 
shows a significant decrease in liquid swallowing and posterior tongue motility after one 
month of treatment. But all measures returned to baseline level after 12 months, indicating a 
good capacity of functional recovery over time. The role of post-treatment rehabilitation 
through a multi-specialty team is specially indicated as it provides the best results (Brown et 
al, 2010). In an analysis of patients submitted to oral cancer ablation and RFFF 
reconstruction, high comorbidity index, large flap surface, radiotherapy and involvement of 
the mobile tongue were significant for poorer functional outcomes. Despite this, 87 % were 
on exclusive oral diet and 80 % had intelligible speech (Bozec et al, 2009). The RFFF may be 
transferred as an innervated flap. In this case, limited recovery of sensorial function is 
possible, although not full recovery.  

Videofluoroscopy (VF) has been used for assessment of deglutition after free flap 
reconstruction for oral cancer in 20 patients. It demonstrated an 89.4 % of good neotongue 
mobility with adequate control of he food bolus in 73.6 % of patients. In 85 % of patients, 
oral diet could be resumed and 75 % had intelligible speech and were able to effectively 
communicate. It is concluded that free flaps significantly improve life quality with adequate 
rehabilitation of swallowing and speech capabilities (Archontaki et al, 2010). VF evaluation 
in patients submitted to base of tongue resection and RFFF reconstruction also show a good 
functional recovery. In a prospective series of 20 consecutive patients, nineteen were able to 
resume oral feeding with good swallowing function without signs of aspiration. The flap 
allows for good apposition of the base of tongue and posterior pharyngeal wall preserving 
deglutition mechanics (O’Connell et al, 2008). Using a barium swallow in a series of 100 
consecutive patients, tongue base resection and preoperative radiotherapy were the only 
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significant factors for post-treatment aspiration in patients submitted to microsurgical flap 
reconstruction (Smith et al, 2008). The evaluation of our results in patients submitted to 
retromolar or oropharyngeal tumor ablation and reconstruction showed a significant 
improvement of deglutition among those submitted to free flaps with a compromise of both 
oral and pharyngeal phases in the pectoralis major flap group. No significant difference in 
aspiration rate was demonstrated between the two groups (Bandeira et al, 2007). 

In a direct comparison of swallowing function among patients submitted to free or pedicled 
flaps, the type of reconstruction had no significant impact on resumption of oral feeding. 
The significant factor for functional swallowing was defect location, with lateral defects 
having a significant better prognosis than central defects (Schache et al, 2009). When is the 
focus is shifted to speech, a direct comparison of the RFFF and the pectoralis major pedicled 
flap show a distinctive advantage of the free flap. Also, intraoral dehiscence rate for the 
pectoralis major flap was significantly higher than that of the RFFF (O’Neill et al, 2010). 

In a cross-sectional study, a direct comparison between chemoradiation and primary 
surgery with microsurgical flap reconstruction was performed. The study included 49 
patients and they used UoW - QoL modules c30+hn35 to compare the functional outcomes 
between the two groups. The majority of ICF categories failed to demonstrate any 
significant difference between the two groups but a trend toward better overall life quality 
was suggested in the surgical group (Tshierner et al, 2011). This article demonstrates that 
operative and non-operative management of oral cancer patients have similar functional 
outcomes. 

When compared to the pectoralis major pedicled flap, the free flap possesses a major 
advantage in functional outcomes also outside the swallowing and speech domains. In a 
retrospective review of 100 patients among 491 eligible, speeds, shoulder function and mood 
were significantly better in patients submitted to free flaps (Hsing et al, 2011). The use of 
free flaps after salvage surgery in patients originally treated by radiotherapy or 
chemoradiation has significant worse functional outcomes than after initial surgery 
followed by adjuvant treatment. In a series of 72 patients, most patients (56 %) required 
enteral tube feeding on a definitive basis (Kostrzewa et al, 2010). 

5. Risk factors and complications of free flap oral reconstruction 
Patients submitted to free flap reconstruction might present in the post-operative period 
complications related to the ablative procedure, the reconstruction and its clinical 
conditions. Our major objective here is to discuss the complications related to the flap itself. 
In a review of 150 patients, female gender and operative time longer than 10 hours were 
significant predictors of major surgical complications (Rosenberg et al, 2009). In an analysis 
of 796 consecutive patients, two hundred thirty-nine patients (30 %) had a complication 
demanding lengthening of hospital stay or reoperation. Smoking, ASA score, and low 
preoperative hemoglobin levels were significant predictors of perioperative morbidity and 
the two last ones also for surgical complications (Patel et al, 2010). 

Infections are a major concern after microsurgical reconstruction. By definition, oral 
surgeries are contaminated and therefore are already at a higher infection risk. In an analyis 
of 276 patients submitted to free flap reconstruction, one hundred and twelve patients  
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(40.6 %) had post-operative surgical-site infection. Duration of surgery and ASA (American 
Society of Anesthesiologists) score were significant factors for local and neck infection 
(Karakida et al, 2010). In our experience, surgical site infections were the most frequent post-
operative complication, occurring in 94 patients (15.54 %). In two cases (0.33%), patients 
presented with infection at the donor site. 

Although controversial, previous radiotherapy with or without chemotherapy is implicated 
in wound complications after oral cancer surgery (Sassler et al, 1995). Remodeling of the 
extracellular matrix and expression of transforming growth factor beta (1) were significantly 
different in patients submitted to previous irradiation and this factor alone was significant 
for flap success or failure (Lee & Thiele, 2010). In this setting, the transfer of healthy tissue 
with a reliable blood supply is of major significance for improving healing. The impact of 
radiotherapy on flap success rate seems to be negligible (Kruse et al, 2010). The addition of 
chemotherapy to radiotherapy in the adjuvant treatment doesn’t have a significant impact 
on the success rate, with results comparable to that after radiotherapy alone (Kostrzewa et 
al, 2010). 

In an analysis of 2372 free flaps for head and neck reonstruction, a major prognotic factor for 
flap loss was secondary reconstruction. The survival rate in primary reconstructions was 
93.9 % compared to only 88.7 % in the secondary reconstruction setting (p<0.05). Posible 
factors to explain this difference include higher infection rate, delayed wound healing and 
depleted vessel neck (Nakatusuka et al, 2003). Thrombosis of the vascular anastomosis, 
although rare, is a significant complication and may lead to flap loss. In a recent review of 
multiple centers in the Netherlands, no single protocol for pharmacological thrombosis 
prevention could be defined. The authors emphasize the role of preoperative smoke 
cessation and careful vascular handling during surgery with an individualized 
postoperative treatment based on risk profile (Brands et al, 2009). 
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1. Introduction 
Saliva is a complex fluid produced by the major and minor salivary glands and is a mixture 
of several constituents of non-salivary origin such as gingival crevicular fluid, expectorated 
bronchial and nasal secretions, serum and blood derivatives from oral wounds, 
microorganisms, desquamated epithelial cells, other cellular components and food debris 
(Kaufmann & Lamster, 2002). 

Saliva is considered a mirror of body health and is composed of variety of analytes from 
systemic sources that reach the oral cavity through various pathways. Because water is a 
major constituent, saliva plays a key role in the lubrication and repair of oral mucosa, 
formation and swallowing of food bolus, digestion of starch, facilitation of food tasting and 
control of oropharyngeal microbial population (Lawrence, 2002). 

Salivary constituents comprises both organic and inorganic components in generally small 
quantities that vary with changes in flow, yet continually providing an array of functions. 
The components, especially proteins are multifunctional, redundant, and amphifunctional 
as research into the complex roles of proteins and mucins support this theory. The 
multifarious components within the saliva not only protect the integrity of oral tissues, but 
also provide clues to various local and systemic conditions and diseases. These salivary 
components are constantly being explored as markers of various diseases and to monitor 
general health. Despite not being one of the popular bodily fluids as it is lacks the drama of 
blood, sincerity of sweat and emotional appeal of tears; a growing number of researchers 
from various fields including oncology are finding saliva as a useful diagnostic tool 
(Mandel, 1990). 

The role of saliva as a diagnostic tool has advanced exponentially over the past decade. The 
ability to measure a wide range of molecular components in saliva and compare them with 
serum coupled with the easy and non-invasive method of collection has made it feasible to 
study microbes, chemical and immunological markers. As a consequence these advances in 
technology have helped to move saliva beyond measuring oral health characteristics to 
where it may now be used to measure essential features of overall health (Streckfus & Bigler, 
2003) 

The scientific literature on using human saliva as a diagnostic tool began to emerge in 
1960’s. Early attempts at the usage of saliva as a diagnostic tool was confusing as the studies 
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were not precise and lacked uniformity. Over the years, identification of important 
constituents in the saliva, invention of more sensitive techniques for their detection aided 
with the description of various methods of saliva collection and the type of saliva to be 
collected, contributed in transforming saliva as a major diagnostic tool. 

A large number of diagnostic analytes have been shown to be present in saliva including 
steroid hormones and HIV antibody. The past few years have seen the development of 
salivary diagnostic tools to monitor various oral diseases ranging from periodontal diseases, 
dental caries to infections and autoimmune diseases. The challenge of salivary diagnostics is 
to discover its potential and optimizing engineering technologies for the use of this biofluid. 
The challenge of making salivary diagnostics a clinical reality is in establishing the scientific 
foundation and clinical validations needed to position it as a highly accurate and feasible 
technology that can achieve definite point of care assessment of health and diseases states 
(Wong, 2006). 

The various conditions where saliva has been used as a diagnostic tool includes 
autoimmune diseases like Sjogrens syndrome (Kalk et al., 2002; Tishler et al., 1997), head 
and neck cancer and cancer of other systemic sites, infectious diseases inclusive of viral, 
bacterial and fungal diseases, hereditary diseases like cystic fibrosis, drug and hormone 
monitoring and also for the diagnosis of systemic diseases like cardiovascular diseases, 
respiratory diseases, renal diseases and psychosomatic disorders. Of the lot, use of saliva as 
a diagnostic aid in oral cavity cancer is gaining immense popularity due to the close 
anatomic proximity of saliva to both pre-malignant and malignant neoplasms making it 
ideal for screening of these lesions.  

Oral squamous cell carcinoma (OSCC) is one of the most common epithelial malignancies 
with significance morbidity and mortality. Inspite of diagnostic and therapeutic advances 
over the decades, the disease still remains a challenge for medical professionals with the five 
year survival rate being 30%-50% (Li et al., 2004). Recent observations indicate that the 
clinical and histological appearance of oral mucosa may not truly depict the damage 
occurring at the genetic level. This phenotypic and genotypic disparity may account in part 
for the failure to establish effective screening and surveillance protocols based on traditional 
clinical and microscopic examination (Li et al., 2004). Carcinogenesis is multistep process 
involving initiation, promotion and progression and evidence indicates that these are driven 
by accumulation of specific gene alterations (Sun, 1990). An understanding of the molecular 
mechanisms involved in OSCC is helpful in providing a more complete picture of the ways 
in which tumor arise and advance and a rationale for novel strategies of cancer detection. 
The oral cavity is particularly conducive to such strategies, given the ease with which saliva 
and exfoliated cells can be collected (Westra & Califano, 2004). 

Tumor cells inhabit or produce biochemical substances referred to as tumor markers. These 
can be normal endogenous products that are produced at a greater rate in cancer cells or the 
products of newly switched on genes that remain quiescent in the normal cells (Malati, 
2007). Tumor marker may be present as intracellular substances in tissues or as released 
substances in circulating body fluids such as serum, urine, CSF, and saliva. Until recently, 
analysis for tumor markers were carried out in fluids other than saliva such as CSF, blood 
and urine. With recent diagnostic technological advances however, the role of saliva as a 
tool for diagnosis has advanced exponentially.  
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The source of information is largely derived from the variety of DNA’s, RNA’s and proteins 
present in the saliva. Salivary DNA represents the genetic information of the hosting human 
body, the oral microbiota and the infecting DNA-viruses. Salivary RNA provides 
information on the transcription rates of the host genes and those of oral microbiota. 
Salivary proteins represent genetic information and help to understand the translational 
regulation of the host body and the oral microbiota (Fabian et al., 2008). In addition, saliva is 
also useful in detection of other markers such as cell cycle markers (p16, p53 etc), growth 
factors (Epidermal growth factor, transforming growth factor etc), cell surface markers, 
oxidant and antioxidants among others.  

2. Properties of saliva 
Saliva is a complex hypotonic fluid composed of secretions from the major and the minor 
salivary glands. The major glands are the parotid, submandibular and sublingual glands 
which are located outside the oral cavity and the secretions are transported to the mouth 
through the duct system. The minor salivary glands are numerous and are scattered 
throughout the oral cavity. Saliva is formed in two stages, the formation of the primary 
saliva by acinar cells and intercalated ducts which is isotonic plasma like containing most of 
the organic components and all of the water secreted by salivary glands. The second stage 
involves the modification of the primary saliva by the removal or addition of various ions in 
the salivary ducts to produce a hypotonic fluid that enters the mouth (Turner & Sugiya, 
2002). 

A normal healthy adult produces 1-1.5liters/day of saliva composing of mixture of serous 
and mucinous material at a rate 0.5ml/min. Resting saliva is mainly composed of 
submandibular secretion while stimulated saliva is made of mainly parotid saliva. Each 
individual type of salivary gland secretes a characteristic type of saliva such as the secretion 
of serous saliva from parotid gland. 

Salivary output and composition depends on the activity of the autonomic nervous system 
through the sympathetic and parasympathetic systems. The parasympathetic supply is 
through the branch of facial nerve to sublingual and submandibular gland and a branch of 
IXn to the parotid gland. The sympathetic supply is through the fibers arising from first and 
the fourth thoracic segment and relaying in the superior sympathetic ganglion (Jenkins 
1978). Parasympathetic stimulation results in a high flow of saliva containing low levels of 
organic and inorganic compounds. Sympathetic stimulation produces a low volume of 
protein rich and potassium rich saliva (Chiappin et al, 2007). 

Saliva is composed of 99.5% water and 0.5% solid material which is inclusive of organic and 
inorganic constituents. The inorganic constituents are made of sodium, potassium, chlorine, 
bicarbonate, magnesium, calcium, phosphate, Thiocyanate, fluoride, lead, cadmium, copper, 
nitrite and nitrate. Sodium, potassium and chlorine contribute to the osmolarity of saliva 
and their concentration give diagnostic information related to the efficiency of ductal 
transport system. Bicarbonates are the most important buffer present in saliva resisting 
changes in salivary pH. Calcium, phosphate and fluoride have anti-caries activity. 
Thiocyanate acts as a anti-bacterial agent (Fergusson, 1994). Nitrate estimation in saliva 
provides a means of monitoring nitrate uptake and may also predict the future development 
of carcinoma. 
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The organic constituents are made up of proteins which include mucins and proline rich 
proteins which have lubricating properties, amylase and lipase with digestive properties, 
proteins such as sialoperoxidase, lysozyme (Thorn et al., 1989), lactoferrins, chitinase, 
cystatins, histatins, defensins, salivary leukocyte proteinase inhibitors, calprotectin, 
peroxidase, acid phosphatase, chromogranin A, sialin, agglutinin which have anti-microbial 
properties (Lamkin & Oppenheim, 1993). Other proteins include statherin, mucoproteins 
and glycoproteins. The rest of the organic constituents is made of blood  group substances, 
enzymes such as aldolase, β-glucoronidase, succinic dehydrogenase, kallikrein, hormones, 
cacrbohydrates, lipids, nitrogen containing compounds, vitamins, oral microorganisms, 
various gases like oxygen, nitrogen and carbon dioxide, growth factors like epidermal 
growth factor and cells of desquamated epithelium (Jenkins, 1978). 

The components present in the saliva could either be the inherent component of the saliva 
itself or the metabolites transferred from the plasma. The passage of plasma components 
into saliva involves several processes like, ultrafilteration through gap junctions between 
cells of secretory units, transudation of plasma compounds into oral cavity, from crevicular 
fluid or directly from oral mucosa and selective transport through cellular membranes by 
passive diffusion of lipophilic molecules or by active transport through protein channels 
(Chiappin et al., 2007). 

2.1 Collection and storage of saliva 

Saliva can be collected under both resting and stimulated conditions. The duration of the 
collecting period is important because flow rates vary with time. It is therefore important to 
standardize the collection procedure during the whole sampling period to keep the secretion 
rate as constant as possible. The methods of saliva collection comprise of collection of whole 
saliva and collection of glandular saliva. Among these, whole saliva collection is easiest and 
most feasible method. Specific glandular saliva can be collected with less easy methods. 

The common methods of resting-saliva collection include draining method, spitting method, 
suction method and swab method. Methods of stimulated saliva collection include 
masticatory and gustatory method. For collection of specific saliva, following methods can 
be used; a) for parotid saliva, saliva can be collected in a two-chambered type of suction and 
collection cup according to Lashley (Hu et al., 2004) and b) for submandibular saliva, saliva 
is collected by placing the tip of collection device at the orifice of the Wharton’s duct after 
occluding the parotid and sublingual ducts (Chiappin et al., 2007). 

Various oral fluid collector devices are currently available which aid in collection of 
unstimulated saliva. These include Orasure HIV 1, Uplink, Salivette, Toothette plus, BBL 
culture swabs, transorb wicks, oral diffusion sink and ultrafilterate saliva collector (Hansen 
et al., 2004). 

Saliva specimens after collection should preferably be kept on ice, aliquoted and frozen as 
soon as possible to maintain the sample integrity. The refrigeration prevents the 
degradation of some molecules in saliva and when necessary, bacterial growth may also be 
prevented (Chiappin et al., 2007). Storage procedure and time from the collection mainly 
affect the analysis of the biochemical variables characterized by temperature instability and 
bacterial growth. Some salivary compounds can have a very short half-life so that the 
sample to be analyzed needs a narrow range of time after collection, other substances can 
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remain stable for a longer time and may be detected and quantified after sometime (Nurkka 
et al., 2003). 

Certain approaches to store saliva in order to prevent degradation of salivary compounds 
include (Chiappan et al., 2007) 

 Immediate storage without any processing; if analysis is to be done within 30-90min, 
saliva can be stored at room temperature; for analysis after 3 to 6hrs from collection, 
storage is to be done at +40C and if analysis is to done after days to months after 
collection, storage is to be done at -200C or still better at -800C. 

 Snap freezing of saliva in liquid nitrogen 
 Inhibition of enzyme activity in saliva by mixing with certain enzyme inhibitors 
 Addition of sodium azide to retard bacterial growth  
 Addition of trifluor acetate to denature salivary enzymes that could degrade salivary 

compounds such as proteins and steroid hormones. 

For salivary DNA analysis, since the main source is from desquamated oral mucosal cells, 
pre-clearing of saliva before analysis is not recommended. In appropriate buffers of DNA 
extraction kits, saliva can be stored at room temperature for atleast one year. However 
before adding such buffer, saliva should be stored on ice to prevent microbial growth and to 
decrease salivary DNAase activity. Saliva can also be frozen and stored at -200C or -800C 
before extraction or after extraction before use (Fabian et al., 2008). 

For RNA analysis, saliva sample is usually centrifuged because the majority of RNAs in the 
centrifuged whole saliva are genuine human RNA’s (Park et al., 2007). For RNA studies 
focusing on oral microbiota, any kind of pre-clearing of saliva should be avoided. In order to 
avoid destruction of salivary RNA, the use of RNAase inhibitors are recommended. With 
the use of inhibitors, mRNA can be stabilized for longer run even in room temperature 
although cooling of saliva in ice is useful. RNA can be preserved in saliva by freezing at -
800C also (Fabian et al., 2008). 

For saliva protein analysis, centrifugation and/or microfiltration can be done. Pre-cleared 
saliva can be stored on ice without significant protein degradation for only few hours. 
Addition of protease inhibitors is advantageous especially for time consuming analysis 
procedures. Samples can be stored for few days at -200C. However prolonged storage at any 
temperature may lead to significant protein precipitation (Fabian et al., 2008). 

3. Technologies for saliva based diagnosis 
The complex nature of saliva consisting of mixture of various components makes it difficult 
to identify specific constituents. Recently, significant inroads have been made in discovery 
of a range of technologies which have high specificity and sensitivity in detection of salivary 
components. For assessment of the diagnostic technologies, a hierarchial model exist which 
consist of five basic levels of analysis at which the effectiveness of any diagnostic test should 
be evaluated. These include, analytic (precision and accuracy), diagnostic (sensitivity and 
specificity), patient outcome efficacy (medical decision making), operational (predictive 
value and efficiency) and cost / benefit (societal efficacy). This section discusses the various 
technologies available for saliva based diagnosis followed by the application aspect in oral 
cancer. 
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3.1 Proteomics 

The proteome represents the complete set of proteins encoded by genome and proteomics is 
the study of the proteome that investigates the cellular levels of all the isoforms and post-
translational modifications of proteins that are encoded by the genome of the cell under a 
given set of circumstances. Whilst a genome is more or less static, the protein levels in a cell 
can change dramatically as genes get turned on and off during the cells response to its 
environment. The proteomic analysis can ascertain function by either looking for changes in 
the expression of either all or subset of proteins, or by identifying binding partners for 
particular proteins and seeing how their interaction is affected by biological perturbation 
(Crocker & Murray, 2003). 

The proteomics in bodily fluids are valuable tool for diagnosis due to their high clinical 
potential as sources of disease markers. In principle a global analysis of the human salivary 
proteomes can provide a comprehensive spectrum of oral and general health. Furthermore, 
analysis of salivary proteomes over the course of complications may unveil morbidity 
signatures in the early stage and monitor disease progression (Lee & Wong, 2009). The total 
amount of protein in whole saliva ranges between 0.5-3mg/ml. This proteome consist of 
roughly 1000 protein sequences from which around 300 sequences are of human origin 
(Fabian et al., 2008). 

Proteomic analysis involves the following stages (Crocker & Murray, 2003): 

i. Separation of proteins: Before analyzing protein expression and abundance levels, 
proteins have to be isolated into a purified state. This is generally done by using two-
dimensional polyacrylamide gel electrophoresis (2D-PAGE). To resolve the complex 
composition of saliva, 2D- PAGE, allows separation not only of different molecules of 
similar molecular weights, but also of different modification patterns or isoforms of the 
same protein (Lee & Wong, 2009). 

ii.  Analysis of comparative expression: Once separated, it is necessary to carry out some 
form of analysis to assess the relative abundance of the protein present. 

iii. Identification of protein species: Once a set of proteins showing differences in 
abundance between two or more states has been identified, mass spectrometric analysis 
is to be used to determine their identities. Proteins that are primarily identified by mass 
spectrometry (MS) can be further characterized by ionization methods such as 
electrospray ionization (ESI) and matrix assisted laser desorption ionization (MALDI) 
(Lee & Wong, 2003). 

iv. Confirmatory experiments. 

Two main methods are used to resolve the protein mixture and then to visualize the 
individual components in such a way that their relative abundance can be quantified. The 
two methods are i) 2D gel electrophoresis followed by a variety of in-gel staining methods 
and ii) liquid chromatographic separation with subsequent UV &/or mass spectrometric 
detection. 

In 2D-PAGE, the proteins are initially separated by isoelectric focusing in the first dimension 
according to charge and then by SDS-PAGE in the second dimension according to size. This 
type of separation has the capacity to resolve complex protein mixtures, thus permitting 
analysis of hundreds of proteins at a time. For visualization, staining methods like 
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Coomassie staining, silver staining or Sypro post- electrophoretic fluorescent stains can be 
used. 

The non-gel based methods are used to overcome the problems associated with 2D-PAGE 
such as the difficulty in detecting low abundance proteins particularly integral membrane 
proteins. Two dimensional high performance liquid chromatography (2D-HPLC) is recently 
employed which uses a capillary HPLC column with a strong cation exchange matrix at the 
front end of the column which is followed by a reverse phase packing at the back end. Their 
approach involves the tryptic digestion of soluble and insoluble protein fractions of the 
entire yeast proteome, followed by the application of total tryptic peptides from the two 
fractions onto the strong cationic exchange matrix at the top of the column. A salt step 
gradient is then used to displace a fraction of the peptides onto the reverse phase packing. 
Displaced peptides are then eluted into the mass spectrometer using a solvent gradient 
which generates fragmented data that are used for automated searches against protein 
databases and identification. This procedure is than repeated in steps, each time using an 
increasing amount of salt to release further peptides from cation exchange to the reverse 
phase packing.  

Mass spectrometry is a powerful technique used for the identification of proteins from two 
dimensional cells. The ionization methods such as MALDI and ESI were developed by 
Karas & Hillenkomp (1988) and Fenn et al (1989) respectively. The combination of either of 
the above mass spectrometric techniques with the separation of proteins by 2D-PAGE is an 
established method of proteome analysis. In both the cases identification takes place at the 
peptide level and is therefore necessary to convert proteins in the excised gel pieces into 
peptides which can be extracted for analysis. Peptides can also be analyzed by MALDI to 
produce peptide mass fingerprints which are then matched against protein databases in 
order to identify corresponding proteins. It is also useful to identify which peptides in a 
tryptic digest have undergone post-translational modification like phosphorylation and 
glycosylation that are mediated by kinases and glycosyl transferases. An alternative mass 
spectrometric based method for protein identification is nanoelectrospray. This utilizes very 
fine glass capillaries with gold coated tips in order to produce a very fine spray which 
subsequently enables extremely low levels of protein digest mixtures to be analyzed at flow 
rated of approximately 20-50nl/min. 

3.2 Transcriptomics 

Salivary transcriptome diagnostics constitutes a novel clinical approach where a large panel 
of human RNAs can be readily detected in saliva. The large panel of human mRNA is 
determined by the use of microarray technology and after profiling, validation of 
transcriptome biomarkers will be done by quantitative real time PCR. Sometimes multiplex 
reverse transcriptase PCR are used to overcome problems with quantitative real time PCR 
(Lee & Wong, 2009). 

Microarray technologies have the advantage of simultaneously detecting and quantifying 
the expression of large number of genes health and disease. The technology involves the use 
of robotic automated miniaturized microscopic spots of aliquots of cDNAs or 
oligonucleotides from specific genes in a standardized high density gridded arrangement on 
glass (Muelker & Young, 2004). 



 
Oral Cancer 

 

234 

The steps involved in microarray analysis consist of RNA extraction, sample labeling, 
hybridization and processing, image capture analysis and data analysis. RNA is first 
extracted from tissues or cells of interest. The quality of RNA extracted is paramount to the 
overall success of the microarray experiment as impurities in the sample can affect both the 
probe labeling efficiency and also stability of the fluorescent label. Further extraction of 
mRNA from the total RNA can be done resulting in a purer starting material (Crocker & 
Murray, 2003). 

The mRNA is transcribed in vitro with the concomitant inclusion of labeled nucleotides. The 
labels may be fluorescent or radioactive. After labeling, the cDNA is purified (to remove 
unincorporated nucleotides), mixed with a hybridization buffer and then applied to a cDNA 
microarray slide. The sample and the slide are heated prior to hybridization in order to 
separate double stranded DNA. A coverslip is applied or preferably a hybridization 
chamber is used to avoid evaporation and enable even hybridization. The hybridization and 
subsequent wash steps are carried out at a buffer stringency and temperature that enables 
hybridization of complementary strands of DNA but reduces non-specific binding. After 
hybridization, the microarray slides are scanned using either a laser or a phosphorimager. 
The images are analyzed using software that measures the intensity of the signal from the 
hybridized spotted genes which provide a measurement of the amount of cDNA bound. 
Thus, the initial concentration of mRNA is inferred. After the profiling of RNA by 
microarray, quantitative polymerase chain reaction is used to validate a subset of differently 
expressed transcripts that are identified by microarray analysis (Crocker & Murray, 2003). 

3.3 Polymerase chain reaction (PCR) 

PCR is a simple in-vitro method for amplification of specific short segments of DNA or 
cDNA reverse transcribed from RNA. The technique greatly simplifies genetic analysis and 
permits the study of all types of clinical samples. Oligonucleotide primers binding to the 
flanking regions of target sequence are used to initiate specific copying of DNA strands by 
DNA polymerase. The requirement for the reactions are template DNA to be studied, short 
single strand DNA primers, complementary to opposite strands of the flanking regions of 
the fragment of interest, the four nucleotide triphosphatases, a thermostable DNA 
polymerase and an appropriate buffer solution (Crocker & Murray, 2003). 

PCR involves three major steps which are denaturation at 94-960C for 30 seconds, annealing 
at 50-600C for 30 seconds and extension at 70-720C for one minute. The procedure begins 
with isolation of DNA from the sample. Heating separates complementary double stranded 
DNA into single strand forms intended to act as a template dictating nucleotide sequence in 
vitro. Two short oligonucleotides primers are designed to anneal to the template and flank 
the region of interest. A thermostable DNA polymerase known as Taq polymerase catalyzes 
the sequential addition of the four nucleotides to the primers. Cooling the solution permits 
the primers to bind to template DNA and then Taq polymerase catalyzes the addition of 
dNTPs to the template between the primers. Salt and buffers permit the Taq polymerase to 
catalyze the reaction. The reaction is repeated for around 35 to 40 cycles (Jordan et al., 2001). 

Reverse transcriptase-PCR (RT-PCR) is a modification of PCR which is important in 
transcriptomics as it permits analysis of mRNA and thus the study of gene transcription and 
easier analysis of multiple exons. RNA is extracted and mRNA reverse transcribed using 
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reverse transcriptase. The standard PCR is then carried out after generation of cDNA to 
amplify the desired region. Quantitative PCR (qPCR) is used for accurate quantification. The 
generated PCR products can be monitored during the reaction process using fluorescent 
labeled probes (Crocker & Murray, 2003). 

The visualization of amplification is done by agarose gel electrophoresis, southern blot, dot 
blot and reverse blot assays. The simplest method is agarose gel or polyacrylamide gel 
electrophoresis followed by ethidium bromide staining and viewing under UV illumination. 
The choice depends in the product size and the amount of resolution required (Crocker & 
Murray, 2003). 

3.4 Genomics 

Genomic analysis is one of the recent advances in the diagnosis of oral cancer and 
considerable research is being performed in this field. With the availability of high 
thoroughput technologies to harness genetic information from various sources like blood, 
saliva, etc., their usage has advanced exponentially. Stable cell free circulating DNA in 
plasma was first observed almost 60yrs ago. Plasma DNA were shown to exhibit tumor 
specific characteristics such as somatic mutations in tumor suppressor genes or oncogenes, 
microsatellite alterations, abnormal protein methylation, mitochondrial  DNA mutations 
and presence of tumor related viral RNA (Zimmermann et al., 2007). These DNA related 
changes were also found in saliva, the identification of which helps a great deal in diagnosis 
of oral cancer. The techniques that are available for detection of genetic changes are 
discussed below. 

3.4.1 Hybridization methods 

Hybridization refers to the pairing of complementary DNA or RNA strands to produce 
double stranded nucleic acids. This method uses a radio-labeled or fluorescence labeled 
DNA or RNA probe that binds to the target molecule of interest, permitting visualization. 
The target nucleic acids can either be immobilized in a membrane (blotting) or examined in 
tissue sections (in situ) (Jordan et al., 2001). 

Blotting technique involves the isolation of cell free mixture containing the biomolecules of 
interest, resolving the mixture into its component parts, transfer of the component parts 
onto a suitable membrane and detection of the biomolecules of interest. The blots are named 
according to the type of molecule that is blotted on the membrane i.e. DNA, RNA or protein 
as Southern, Northern and Western blotting respectively (Crocker & Murray, 2003). 

The southern blot technique is used to detect specific sequences within the mixture of DNA; 
this was first described by Southern in 1975. The DNA is size fractioned by gel 
electrophoresis and then transferred by capillary action to a membrane. The technique 
involves the transfer or blotting of DNA fragments onto a membrane. DNA is first 
enzymatically cleaved into smaller pieces by restricted endonucleases, then size separated 
by gel electrophoresis. After fragment separation, the DNA is transferred from the gel to 
nylon or nitrocellulose membrane through capillary action of a buffer as it is absorbed by 
blotting paper. Then the DNA is bound to the membrane by baking the membrane in a 
vacuum oven or by ultra-violet light cross linking. Finally specific DNA fragments can be 
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identified by hybridizing the membrane with labeled complementary DNA probes followed 
by detection of label by autoradiography or chemiluminescence (Jordan et al., 2001). 

The northern blot analysis is used for RNA detection wherein RNA as a target molecule are 
size separated by agar gel electrophoresis, transferred to nylon or nitrocellulose membrane 
and hybridized with specific probes (Jordan et al., 2001). However, precautions should be 
taken to prevent RNA degradation that can be caused by the presence of ribonucleases 
(Crocker & Murray, 2003). 

Western blotting detects antigenic determinants on protein molecules using polyclonal or 
monoclonal antibodies and often is described as immunoblotting. The first step involves 
solubilization of protein samples using sodium dodecyl sulphate and reducing agents like 
dithiothreitol or 2-mercaptoethanol. Individual proteins are then resolved by SDS 
polyacrylamide gel electrophoresis prior to electrophoretic transfer. Following blotting, 
conjugation with antibodies is performed and markers are visualized by autoradiography or 
chemiluminescence. The molecular weight of proteins is determined by comparison with a 
set of molecular weight markers which are co-electrophoresed (Crocker & Murray, 2003).  

3.4.2 Flow cytometry 

Flow cytometry is an important method used to analyze cell kinetics and protein expression 
in normal and tumor cells (Jordan et al., 2001). It is routinely used to measure DNA content 
of cells using dyes whose fluorescence is enhanced by binding to nucleic acids and 
accurately reflecting DNA content (Crocker & Murray, 2003). The dye most commonly used 
is propidium iodide. It can be excited by the blue line (488nm) of an argon ion laser, fitted 
into flow cytometers. When bound to double stranded nucleic acids, the dye fluoresces red. 
Other dyes that can be used are ethidium bromide, 7-aminoactinomycin, DRAQ5, Acridine 
orange etc. The labeled cells are then directed in a single file along a charged column 
through a laser beam which excites the fluorescent dye bound to the cell. The fluorescent 
emission from the excited cells are then collected by a fluorescence detector and analyzed. 
Cell size can also be detected by using data from the forward scatter of the excitation laser 
passing through the stream of single cells (Jordan et al., 2001). 

 
Diagrammatic representation of flow cytometric analysis  
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3.5 Point of care diagnostics 

In recent years, the concept and practice of Point of Care Testing (POCT) is gathering growing 
interests and remains an important discovery of the present century. POCT is advantageous 
over standard laboratory procedures by providing timely information to medical teams, 
facilitating rational, time critical decisions and has been demonstrated to improve patient 
outcomes in critical care settings. POCT facilitates personalized medicine allowing the 
caregiver to customize the therapy according to the patient needs. It reduces turnaround time 
for results which avoids the patients not following up with their caregiver after a test. POCT 
avoids some of the cost associated with sample handling, packaging, tracking and shipping to 
centralized labs and reduces the likelihood of samples being contaminated, mixed up, lost 
&/or degraded. POCT assays must be highly automated to minimize error, sample 
contamination and sample degradation. Early POCT were based on lateral flow (LF) assays. 
Recently microfluidics has been known to offer greater functionality and sophisticated flow 
control than lateral flow assays. The field is often referred to as micro-total analysis or lab on a 
chip (LOC). POCT microfludic devices are classified as instrumented or un-instrumented 
devices. Instrumented devices consist of a disposable cassette accompanied by a portable, 
durable analyzer. Un-instrumented devices are a reincarnation of the LF strips with added 
capabilities and sophistication. POCT can be used for detection of proteins and nucleic acids. 
For immunoassay test for small molecules and proteins, enzyme linked immunosorbent assay 
(ELISA) is the gold standard which shows high specificity and sensitivity. They utilize the 
high specificity of antibody binding to their target antigen ligand. The most ubiquitous point 
of care immunoassay is the LF strip also known as immunochromatographic strip. Another 
assay that is employed at point of care is based on microbeads. Microbeads with various 
functionalization are ubiquitous solid supports for capturing target molecules in both bench 
top and microfluidic system (Hart et al., 2011). 

In 1999, The NIDCR initiated a research workshop aimed at applications of microfluidics 
and micro/nanoelectromechanical system (MEMS/NEMS) to saliva based diagnostics. 
MEMS/NEMS is an integrated system that consists of a central unit for processing data and 
several other components that connect with the outside interface like microsensors. In 
continuation of development of saliva diagnostic technologies, in 2002, the NIDCR funded 
seven projects that explored different point of care systems to detect salivary analytes and 
provide an overall profile that correlated with a particular disease states. Electrochemical 
sensing, on chip PCR/RTPCR, microsphere based nano-biochip, microsphere based optical 
fiber assay, high thoroughput DNA microarray, surface plasmon resonance optical system 
and microchip electrophoretic immunoassay (Lee & Wong, 2009). 

Point of care microfluidic systems are being developed for diagnosis of oral and breast 
cancers. They permit concurrent detection of multiple salivary analytes including protein 
and nucleic acid. Oral fluid nanosensor test (OFNASET) is a handheld, automated, easy to 
use integrated system that will enable simultaneous and rapid detection of multiple salivary 
proteins and nucleic acids (Wong, 2006). 

4. Salivary tumor markers in oral cancer 
4.1 Protein markers 

Protein biomarkers in saliva are being analyzed both individually and as a panel of markers 
to aid in early detection of oral cancer and in implementing appropriate therapeutic regime. 
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Hu S et al (2008) tried to discover and validate differentially expressed proteins in saliva of 
oral squamous cell carcinoma (OSCC) patients which could serve as potential markers in its 
detection. The study was performed using subtractive proteomics approach to profile 
salivary proteins from oral cancer and matched healthy subjects followed by validation by 
immunoassay to identify a co-panel of candidate protein biomarkers for OSCC detection. 
461 and 438 non-redundant proteins were identified in OSCC and control groups 
respectively. Of these, 409 proteins were found in both the groups while the rest were 
specific for individual groups. Among the large number of proteins, many of them were 
differentially expressed as reflected by the differential number of mass spectrometric 
analysis. Proteins like MRP14 which is a calcium binding protein were significantly 
overexpressed in OSCC group. Polymeric immunoglobulin receptor (PIGR) was 
significantly downregulated in saliva of OSCC patients.  

The study showed up-regulation of 12 markers in OSCC group. Among these, 5 showed 
significant difference which included M2BP, MRP14, CD59, catalase and prolifin. Some 
proteins which were downregulated include clusterin (protein involved in apoptosis) that 
was absent in OSCC and present in control group. MRP14 expression which is also a 
calcium binding protein was found to be increased in OSCC group. MRP14 was show to 
have increased expression in another study performed in tongue cancer by He QY et al 
(2004). CD 59 (protectin) which was overexpressed in OSCC group enables the tumor cells 
to escape from complement dependent and antibody mediated killing (Ravindranath & 
Shuler, 2007). Profilin 1, another upregulated protein is a regulator of microfilament system 
and is involved in various signaling pathways via interaction with cytoplasmic and nuclear 
ligands. It may be secreted into tumor microenvironments during the early progressive 
stage of tumor formation. Catalase protects the cell against oxidative stress and altered 
levels of catalase are involved in carcinogenesis and tumor progression (Hu et al., 2008). 

 
Protein Functions 
M2BP Tumor antigen 

MRP14 Calcium binding protein 

CD 59 Enables the tumor cells to escape from complement dependent and 
antibody mediated killing 

Prifilin 1 Regulator of microfilament system and is involved in various 
signaling pathways 

Catalase Protects against oxidative stress 

Table 1. Overexpression of proteins in OSCC and their functional role. 

Analysis of salivary epithelial markers was performed in a study which included CA125, 
CA19-9, tissue polypeptide antigen (TPA), carcino-embryonic antigen (CEA), SCC and Cyfra 
21-1. The study found that the salivary concentration of all these markers was increased in 
cancer patients than in normal controls. However concentration of SCC, CA19-9 and CEA 
showed statistically significant differences while the others did not (Nagler et al., 2006). 

Contucci et al., (2005) analyzed statherin levels in oral pre-cancer and cancer and found 
decreased statherin levels compared to healthy controls. Statherin possess high affinity for 
calcium and phosphorus minerals and provides protective effect which can delay and 
decrease the level of proliferation induced by carcinogen and reduction of this protective 
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effect is associated with an increased penetration of environmental carcinogens through the 
mucosal surface. 

Cyfra 21-1 is a soluble fragment of cytokeratin 19, which is a component of cytoskeletal 
protein with a molecular weight of 40kDa. Cleavage of CK19 through caspases 3 activity 
releases cyfra21-1 into the extracellular space. A study evaluated salivary cyfra21-1 levels in 
OSCC using ELISA kits and compared with normal and found significantly increased levels 
in OSCC group. The study also found that the pre-operative saliva Cyfra 21-1 levels were 
significantly higher in patients suffering from tumor recurrence than in patients without 
recurrence. The study highlights the usefulness of Cyfra 21-1 for tumor detection and 
predicting recurrence. It has been postulated that increased Cyfra 21-1 could be due to 
increased CK19 expression in tissues (Ping et al., 2007). 

Salivary soluble CD44 levels were evaluated in head and neck squamous cell carcinoma 
compared with controls (Franzmann et al., 2005). CD44 are adhesion molecules expressed 
on normal T-lymphocytes and is used by these cells to migrate to selective sites in the 
lymphoid tissue. Such migration is accompanied by binding of CD44 to hyaluronate on high 
endothelial venules and overexpression of this molecule may favor metastatic spread 
(Kumar et al., 2005). These isoforms arise from alterative splicing of a variable exon present 
in CD44 mRNA. Franzmann et al., (2005) performed the study using ELISA and western 
blotting and demonstrated increased value in head and neck squamous cell carcinoma than 
in controls, suggesting their usage in early detection of cancer. 

P53 gene is lovated on chromosome 17p and functions as a critical gatekeeper against 
development of cancer. They also function as critical modulator of the cellular response to 
exogenous and endogenous stress. The main functional activity of p53 protein is cell cycle 
arrest and initiation of apoptosis in response to DNA damage. In a study by Liao et al., 
(2000), mutation of p53 was observed in DNA extracted from saliva of OSCC patients 
suggesting a potential use as biomarker for oral cancer detection. The study concentrated on 
p53 exon 4 codon 63 mutations which was significantly higher. 

Hyaluronic acid (HA) is a non-sulfated glycosaminoglycan made of repeating disaccharide 
units, D-glucoronic acid and N-acetyl- D- glucosamine responsible for regulation of cell 
adhesion, migration and proliferation. They support metastasis by promoting tumor cell 
migration offering protection against immune surveillance and causing a partial loss of 
contact mediated inhibition of cell growth and migration. Hyaluronidase is an 
endoglycosidase that degrades HA into small angiogenic HA fragments. HAase is shown to 
alter the expression of CD44 isoforms which may be involved in tumor progression 
(Franznmann et al., 2003). Franznmann et al., (2003) in their study showed statistically 
significant rise in HA and HAase in OSCC patients than normal controls suggesting their 
role as potential marker for diagnosis and prognosis of head and neck SCC.  

Balicki et al., (2005) estimated EGF levels in saliva of oral cancer and compared with controls 
and found significantly decreased EGF levels in OSCC patients. It was suggested that the 
impaired ability to heal oral mucosal damage in neoplastic diseases may be related to low 
EGF concentration in saliva. The weaker mitogenic effect due to decreased EGF 
concentration reduces the reconstructive potential of oral mucus membrane epithelium in 
patients suffering from oral cavity cancer. 
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Analysis of interleukin 6 & 8 in OSCC patients revealed significantly higher values than in 
normal controls. Increased interleukin 6 has been shown to promote immune 
unresponsiveness and induction of wasting, cachexia and hypercalcemia. Interleukin 8 plays 
a role in stimulation of angiogenesis, proliferation and chemotaxis of granulocytes and 
mecrophages which are prominent constituents in the stroma of OSCC (St. John et al., 2004). 

Estimation of salivary sialic acid as a tumor marker was considered as aberrant 
glycosylation are universal features of cancer. A study performed to evaluate salivary sialic 
acid, total protein and total sugar in OSCC patients found significantly increased levels in 
OSCC patients than in healthy controls (Sanjay et al., 2008, Debensteen et al., 1991). Another 
protein evaluated was statherin and results have shown increased levels in OSCC group 
than in normal controls (Contucci et al., 2005). 

Free radical generation result in production of reactive oxygen species which at high levels 
are known to cause DNA based alteration, strand breaks, damaged tumor suppressor genes 
and enhanced expression of proto-oncogenes. Numerous anti-oxidants exist in the body that 
protects from the damaging effects of reactive oxygen species and reactive nitrogen species. 
Any imbalance in oxidant-antioxidant balance contributes to cancer development and hence 
determination of salivary oxidant and antioxidant levels may be helpful in early detection, 
treatment planning and prevention of tumor recurrence. 

Salivary nitrites are produced by tobacco and fungal organisms which are of special 
importance in carcinogenesis as they form nitrosamines. Studies have shown that salivary 
DNA and proteins to be profoundly oxidized with increased salivary reactive nitrogen 
species while all salivary antioxidants were significantly reduced (Bahar et al., 2007). Studies 
by Rai et al., (2008) showed significantly elevated levels of malondialdehyde in pre-cancer 
and cancer.  

In addition to the use of saliva in oral cancer detection, evidence support the usage of saliva 
in diagnosis of cancer from other sites such owing to the fact that many markers which are 
identified in other cancers can be isolated from saliva. Markers such as C-erbB2 and CA15-3 
for breast cancer, CA125 for ovarian cancer, kallikrein and epidermal growth factor for 
breast cancer have been evaluated and found to be very useful in the detection of distant 
tumors (Streckfus & Bigler, 2005)  

4.2 Genomic markers 

Tumor specific genomic markers consisting of DNA and RNA markers can be identified in 
saliva for detection of oral cancer considering that the initiation and progression of 
malignant tumors is driven by the accumulation of specific genetic alterations. DNA shows 
tumor specific characteristics such as somatic mutations in tumor suppressor genes and p53, 
microsatellite alteration, abnormal promoter methylation, mitochondrial DNA mutations 
and presence of tumor related viral DNA. In addition transcript levels of mRNA, microRNA 
levels are also considered as diagnostic markers for oral cancer. 

Microsatellite DNA consist of tandem repeats of one to six nucleotides scattered throughout 
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successfully used as molecular markers for analysis of tumorigenesis in head and neck 
cancer (Kumar et al, 2004). Loss of heterozygosity (LOH) is a term used to describe a 
condition where the cell becomes homozygous to a mutant allele resulting in cancer 
development. LOH can occur through mechanisms such as loss of a chromosome through 
mitotic non-disjunction, deletion on the chromosome carrying the corresponding allele and 
cross over between two homologous genes leading to homozygosity for the mutant allele 
(Muelker & Young, 2004). 

Studies using microsatellite markers from different chromosomal arms in head and neck 
SCC have shown alterations at certain regions on chromosome 3p, 9p, 17p & 18q to be 
associated with development of tumors (El- Naggar et al, 2001). El- Naggar et al., (2001) 
evaluated salivary samples to analyze DNA and showed highest incidence of microsatellite 
LOH of chromosome 9p, 3p &17p. 

Methylation is the main epigenetic modification in humans and changes in methylation 
pattern plays a main role in tumorigenesis. Epigenesis is the alteration of gene activity 
without change in their structure (Kumar et al., 2004). Certain tumor suppressor genes are 
inactivated by hypermethylation of promoter sequences without a change in DNA base 
sequence resulting in loss of expression.  

p16INK4A also known as CDKN2A is a cyclin dependent kinase inhibitor which is critical in 
cyclin D-Rb pathway for maintaining Rb protein in its active, non-phosphorylated state. It 
blocks CDK4 binding to cyclin thus helping in cell cycle regulation. Any mutation of 
p16INK4A occurring in tumors result in inability to block cyclin D-CDK4 activity and 
preventing Rb phosphorylation during cell cycle. O-methylguanine-DNA-methyltransferase 
(MGMT) is DNA repair gene for guanosine methyl adduct; death associated protein kinase 
(DAP-K) is a novel serine/ threonine kinase whose expression is required for interferon 
induced apoptosis which functions as a potential metastasis inhibitor (Rosas et al., 2001).The 
study by Rosas et al., (2001) determined the promoter hypermethylation of the above three 
markers in saliva of patients with head and neck SCC and normal controls and found that 
56% of the cases exhibited promoter hypermethylation in atleast one of the genes. Among 
the cases, 47% exhibited hypermethylation at p16, 33% at DAP-K and 23% at MGMT. The 
authors suggested that these alterations can be used for early detection of cancer and also 
for detection of natural progression from neoplasia to cancer in at risk population. 

Righini et al., (2007) tried to define a gene methylation profile in head and neck SCC tumors 
and saliva for diagnosis and follow up by analyzing eleven genes. They found that six 
methylated genes were most frequently found which included tissue inhibitors of 
metalloproteinase (TIMP 40%), ECAD (36%), MGMT (29%), p16(29%), DAPK (27%) & 
RASSF1A (20%). It was suggested that aberrant methylation of these 6 genes in exfoliated 
malignant cells of the saliva reflects tumor status. TIMP3 encodes for metalloproteinase 
inhibitor that suppresses tumor growth, angiogenesis, invasion and metastasis.  

Detection of telomerase activity in saliva of OSCC was performed by Zhong et al., (2005) 
and they detected telomerase positivity in 75% of cases suggesting that telomerase detection 
could be used as assistant marker in OSCC. Telomerase is a ribonucleoprotein aid to 
elongate repeat sequence at the end of the chromosomes. Reactivation of telomerase is 
considered to be a pre-requisite for development of malignant tumor cells from somatic 
cells. 
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Adenosine deaminase (ADA) and 5’- nucleotidase (5’-NT) are important enzymes 
participating in purine and DNA metabolisms. Defect in ADA results in intracellular 
accumulation of adenosine and deoxyadenosine which are toxic to living cells. 
Deoxyadenosine causes dATP accumulation which is strong inhibitor of ribonucleotide 
reductase and cause some aberrations in DNA synthesis. They also interfere with critical 
methylation dependent process such as synthesis, maturation or function of DNA. 
Saracoglu et al., (2005) found decreased ADA in oral cancer patients and suggested that it 
may be a compensatory mechanism against rapid purine and DNA metabolism in cancer 
cells. Decreased ADA activities cause higher dATP and AMP concentration in the cell, 
thereby lowering dATP and dAMP ratio and leading to decreased energy production. This 
may be a limiting factor against rapid proliferation of cancer cells. 

In a study conducted by Yang et al., (2004), microarray analysis of salivary transcriptome 
showed that there are 1679 genes exhibiting different expression levels between cancer 
patients and controls. Of these, seventeen cancer related biomarkers showed significant 
elevation (3.5 fold) and quantitative PCR was performed to validate these findings. Nine 
markers were then selected based on their reported cancer association (DUSP 1, GADD45B, 
H3F3A, IL1B, IL8, OAZ1, RGS2, S100P & SAT). The results confirmed that seven of these 
nine markers showed significant elevation in saliva of OSCC patients. The validated seven 
genes could be classified in three ranks by the magnitude of increase into highly 
upregulated mRNA (IL-8), moderately upregulated mRNA (H3F3A, IL1B, S100P) and low 
upregulated mRNA (DUSP1, OAZ1 &SAT).  

 
Gene 

symbol Gene name Functions 

DUSP-1 Dual specificity 
phosphatase 1 

Protein modification, signal transduction, 
oxidative stress 

H3F3A H3 histone, family 3A DNA binding activity 

IL1 β Interleukin-1β Signal transduction, proliferation, inflammation, 
apoptosis 

IL 8 Interleukin-8 
Angiogenesis, replication, Ca++ mediated 

signaling pathway, cell adhesion, chemotaxis, cell 
cycle arrest, immune response 

OAZ-1 
Ornithine 

decarboxylase 
antizyme-1 

Polyamine synthesis 

S-100P S-100 Ca++ binding 
protein P Protein binding, Ca++ ion binding 

SAT Spermidine / Spermine 
N1-acetyl transferase Enzyme, transferase activity. 

Table 2. Salivary mRNA showing significant changes in oral cancer with their functions. 

MicroRNAs (miRNA) are a group of small RNAs, 19-25 nucleotides in length, involved in 
the regulation of development and cell differentiation, proliferation and survival. They exert 
their effects by two mechanisms; mRNA degradation and inhibition of translation. A single 
miRNA is capable of regulating the translation of a multitude of genes by targeting specific 
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regions in their mRNA transcript. As a single miRNA can regulate hundreds of genes and 
may act as a master regulator of processes; select subsets of miRNAs can be used as 
biomarkers of physiological and pathological states (Micheal et al., 2010). 

Analysis of miRNA from saliva of OSCC patients was performed by Park et al., (2009). Of 
the total number of miRNA analyzed, four potential miRNA were identified as being 
present in statistically significant levels between the two groups. These included miR-200a, 
miR-125a, miR-142-3p & miR-93. Further analysis of these miRNA in a separate set of OSCC 
and normal patients suggested that miR-200a and miR-125a were present in significantly 
lower levels in OSCC than in healthy controls. These findings suggested that the detection of 
miRNA in saliva can be used as a non-invasive and rapid diagnostic tool for oral cancer 
detection. These were considered as the third diagnostic alphabet in saliva (Park et al., 2009).  

4.3 Salivary microbiota 

A multitude of microorganisms thrive in the oral cavity interacting with each other and at 
times causing clinical diseases. Oral cavity plays host to a wide array of microorganisms 
inclusive of variety of bacteria, viruses and fungi. This natural microflora is essential for the 
normal development of host physiology and contributes to host defenses by excluding 
exogenous microorganisms. Certain alterations in diet, medications, habits and host 
immune status may lead to overgrowth of minor components of oral microflora which can 
predispose the site to disease. Organisms such as candida act as opportunistic pathogens 
contributing to various oral diseases. The role of bacteria in oral cancer is currently being 
investigated to determine if the role is a causal or it is a co-incidental finding. 

Kang et al., (2009) evaluated the salivary levels of group of organisms (cariogenic, 
periodontopathic and fungal) and demonstrated significant increase in the levels of P. 
Gingivalis, T. Forsythia & C. albicans in cancer group than in normal controls. The study also 
found that the prevalence of S. sobrinus in healthy group was significantly lower than in 
healthy head and neck tumors.  

Mager et al., (2005) determined salivary counts of forty common oral bacteria in OSCC and 
normal controls using DNA hybridization techniques. They found significantly elevated 
levels of P. gingivalis, P. melaninogenica & S.mitis in saliva of OSCC patients thereby 
suggesting the role of salivary microbiota as a diagnostic indicator in OSCC.  

Candida species are normal commensals of the oral cavity and evidence suggest their 
involvement in oral cancer development primarily through nitrosation of nitrosobenzene 
compounds (Krogh, 1990). Studies have found increased candidal carriage in salivary 
samples of OSCC group than in normal controls (Kang et al., 2009). This indicates that the 
salivary analysis of candida species might be useful as diagnostic and prognostic indicator 
of oral pre-cancer and cancer.  

5. Conclusion 
Saliva has been considered as the mirror image of blood for a long time and its various 
components acts as a mirror of body’s health. Since the ancient times, saliva has been used 
for detection of various diseases ranging from autoimmune diseases to infections and cancer 
among others. The identification of many new components along with the introduction of 
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newer technologies has led researchers to believe that saliva could be used as an attractive 
tool. Salivary analysis is advantageous due to the easy and non-invasive method of 
collection, safety and the possibility of repeated collection without discomfort to the patient. 
However, saliva analysis was not considered to be effective owing to the inability to isolate 
minor components as a result of technological barriers. Emerging technologies with high 
sensitivity and specificity developed in the recent past have overcome these problems 
giving a new dimension to the use of saliva as a diagnostic tool.  

Saliva is normally composed of many organic and inorganic constituents and identification 
of these proteins in disease states were considered useful from a diagnostic perspective. 
Salivary proteins, nucleic acids and microbiota have been studied in oral cancer with an aim 
to identify specific components that could serve as a useful marker for cancer detection as 
well as treatment planning. Advances like proteomics which is used to detect a panel of 
proteins, transcriptomics for DNA and RNA and genomics for determination of genetic 
damage are helpful for characterization of disease states. With point of care diagnostics 
being the requirement of the day salivary analysis could become a routine procedure for 
cancer detection. 
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1. Introduction  
Cancer incidence in humans has gradually increased over the last century. Surgical, radio, 
chemotherapeutic and biological treatments have experienced important advances, with 
concomitant reduction in the morbidity associated with the radical surgical practices of the 
past. The term “oral cancer” includes a diverse group of tumors arising from the oral cavity 
(Khalili, 2008). Usually included are cancers of the lip, tongue, pharynx, and oral cavity. The 
World Health Organization (WHO) reported oral cancer as having one of the highest 
mortality ratios amongst all malignancies (Parkin et al., 2000). Although oral cancer is rare 
and attracts little attention, it is more common than Hodgkin’s disease tumours of brain, 
liver, bone, thyroid gland, stomach, ovaries, or cancer of the cervix. It ranks 12th among all 
cancers (Jemal et al., 2002). The vast majority of malignant neoplasms in the mouth are 
squamous cell carcinomas. Oral cancer incidence and mortality rates vary widely across the 
world. Mortality rate is an important tool that provides implicit information about 
incidence, diagnosis stage, solving capacity of health services, available technology and 
health programs to be applied. Although globally oral cancer represents an incidence of 3% 
(males) and 2% (females) of all malignant neoplasm, it has one of the lowest survival rates 
— 50 percent, within a five-year period (Greenlee et al., 2001). 

It is important to diagnose oral cancer in its early stages, since the management of small and 
localized tumors involves less morbidity and mortality than more advanced-stage disease, 
where treatment must be more aggressive. Indeed, the stage in which the disease is 
diagnosed is directly correlated to long-term survival. (Onizawa et al., 2003). It is generally 
accepted that when diagnosed in its early stages, a favorable prognosis is expected, with a 
survival rate exceeding 90% at the 5-year follow-up. However, reviewing the literature 
exposes a less optimistic picture, because lymph node metastases seem to occur in 5% to 
20% of cases (Regev et al., 1992, Khalili, 2008). However, in practice many malignancies are 
diagnosed and treated in advanced stages and/or once the patients have already 
experienced symptoms causing them to seek medical help. This explains the great interest in 
improving multidisciplinary therapies, and particularly in establishing more reliable 
techniques for diagnosing and prognosis of the illness (Miller & Kearney N, 2001). 

The membrane, which defines the extent of the cell, is not only a physical boundary but also 
has many specific functions, among which is the capacity to react with other cells and the 
intracellular matrix (Ebnet & Vestweber, 1999, Hascall, 2000). Carbohydrates are structures 
found on the cell surface bound to either lipid or protein embedded in the membrane. 
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Changes in the carbohydrate structure of these cell-surface glycolipids and glycoproteins 
have been demonstrated during development, during cell maturation in adult tissue, and in 
relationship to malignant development. 

Biochemical and molecular genetic studies have contributed to our molecular knowledge of 
blood group-associated molecules in the past few years (Dabelsteen, 1996, Fenderson et al., 
Fukuda, 2002, 1986, Hakomori, 1999, 2002, 2003, Le Pendu et al., 2001). Among the 30 blood 
group systems presently identified, almost all have a molecular basis and present 
investigations are oriented towards the analysis of genetic polymorphisms, tissue-specific 
expression and structure-function relationships. Antigens defined by carbohydrate 
structures, among which ABO, Hh, Lewis and Secretor are the main representative species, 
are indirect gene products (Hakomori et al., 1967). They are synthesized by Golgi-resident 
glycosyltransferases, which are the direct products of the blood group genes. Cell-surface 
carbohydrates are built up in a stepwise fashion when monosaccharides are tranferred from 
their sugar nucleotide derivatives to appropriate acceptors. Each particular type of transfer 
is catalyzed by a unique specific glycosyltransferase. In tumors, changes in glycosylation are 
found in both glycolipids and glycoproteins (Hakomori, 1999; Le Pendu et al., 2001). Most 
studies have dealt with alteration of carbohydrates at the cell surface. However, several 
recent studies have shown that altered glycosylation plays a major role in most aspects of 
the malignant phenotype, including signal transduction and apoptosis. These studies have 
recently been reviewed (Hakomori, 2002; Hakomori & Handa, 2002, Dabelsteen &  Gao, 
2004). Historical studies associating the Lewis system antigens and/or ABH system 
secretory antigens with disease are varied and generally inconclusive.  Critical analysis of 
these studies reveals that in many instances the serology is inadequate, mainly as a result of 
unappreciated difficulties in accurately phenotyping diseased individuals (Svensson, 2000). 

Before a detailed account of the immunochemistry and genetics is presented, a brief 
summary will be given in order to orient the general reader. The A and B antigens were 
originally detected on erythrocytes by means of isoagglutinins in the serum of persons 
lacking these determinants. These antigens are synthesized from a common intermediate, H 
substance, by addition of a single sugar to the non reducing end of H oligosaccharide 
chains, and the immunologic reactivity of the H antigen is markedly decreased by the 
additional sugar. Group O erythrocytes and the saliva of group O secretors contain the H 
antigen. Even though the O antigen does not exist, the designation group O erythrocytes 
have been retained for historical reasons. The blood group H antigen is an oligosaccharide 
molecule whose expression is normally restricted to the surfaces of human erythrocytes and 
a variety of epithelial cells, including those that line the gastrointestinal, urinary, and 
respiratory tracts (Larsen et al. 1990). The H antigen is a fucosylated structure of the form 
Fucal-2Galf3-, whose expression is determined by GDP-L-fucose:P-D-galactoside 2-a-L-
fucosyltransferases [a(1,2)Frs; EC 2.4.1.69]. These enzymes catalyze a transglycosylation 
reaction between their sugar nucleotide substrate GDP-L-fucose and oligosaccharide 
acceptor substrates with terminal type I (Gal81-3GlcNAc-) or type II (Gal, 81-4GlcNAc-) 
moieties.  The secretor status is defined by the presence of H type 1 antigen in body 
secretions such as milk and saliva. H type 1 antigen belongs to both the Lewis and the 
ABO(H) histo-blood-group systems and is expressed in erythrocyte  membranes and in 
several epithelial tissues, namely the gastricmucosa, the upper respiratory tract and the 
lower genito-urinary tract. Approximately 75 per cent of white persons secrete glycoproteins 
containing the same A, B or H antigens present on their erythrocytes (Moreno et al., 2009). 



 
Oral Cancer 

 

250 

Changes in the carbohydrate structure of these cell-surface glycolipids and glycoproteins 
have been demonstrated during development, during cell maturation in adult tissue, and in 
relationship to malignant development. 

Biochemical and molecular genetic studies have contributed to our molecular knowledge of 
blood group-associated molecules in the past few years (Dabelsteen, 1996, Fenderson et al., 
Fukuda, 2002, 1986, Hakomori, 1999, 2002, 2003, Le Pendu et al., 2001). Among the 30 blood 
group systems presently identified, almost all have a molecular basis and present 
investigations are oriented towards the analysis of genetic polymorphisms, tissue-specific 
expression and structure-function relationships. Antigens defined by carbohydrate 
structures, among which ABO, Hh, Lewis and Secretor are the main representative species, 
are indirect gene products (Hakomori et al., 1967). They are synthesized by Golgi-resident 
glycosyltransferases, which are the direct products of the blood group genes. Cell-surface 
carbohydrates are built up in a stepwise fashion when monosaccharides are tranferred from 
their sugar nucleotide derivatives to appropriate acceptors. Each particular type of transfer 
is catalyzed by a unique specific glycosyltransferase. In tumors, changes in glycosylation are 
found in both glycolipids and glycoproteins (Hakomori, 1999; Le Pendu et al., 2001). Most 
studies have dealt with alteration of carbohydrates at the cell surface. However, several 
recent studies have shown that altered glycosylation plays a major role in most aspects of 
the malignant phenotype, including signal transduction and apoptosis. These studies have 
recently been reviewed (Hakomori, 2002; Hakomori & Handa, 2002, Dabelsteen &  Gao, 
2004). Historical studies associating the Lewis system antigens and/or ABH system 
secretory antigens with disease are varied and generally inconclusive.  Critical analysis of 
these studies reveals that in many instances the serology is inadequate, mainly as a result of 
unappreciated difficulties in accurately phenotyping diseased individuals (Svensson, 2000). 

Before a detailed account of the immunochemistry and genetics is presented, a brief 
summary will be given in order to orient the general reader. The A and B antigens were 
originally detected on erythrocytes by means of isoagglutinins in the serum of persons 
lacking these determinants. These antigens are synthesized from a common intermediate, H 
substance, by addition of a single sugar to the non reducing end of H oligosaccharide 
chains, and the immunologic reactivity of the H antigen is markedly decreased by the 
additional sugar. Group O erythrocytes and the saliva of group O secretors contain the H 
antigen. Even though the O antigen does not exist, the designation group O erythrocytes 
have been retained for historical reasons. The blood group H antigen is an oligosaccharide 
molecule whose expression is normally restricted to the surfaces of human erythrocytes and 
a variety of epithelial cells, including those that line the gastrointestinal, urinary, and 
respiratory tracts (Larsen et al. 1990). The H antigen is a fucosylated structure of the form 
Fucal-2Galf3-, whose expression is determined by GDP-L-fucose:P-D-galactoside 2-a-L-
fucosyltransferases [a(1,2)Frs; EC 2.4.1.69]. These enzymes catalyze a transglycosylation 
reaction between their sugar nucleotide substrate GDP-L-fucose and oligosaccharide 
acceptor substrates with terminal type I (Gal81-3GlcNAc-) or type II (Gal, 81-4GlcNAc-) 
moieties.  The secretor status is defined by the presence of H type 1 antigen in body 
secretions such as milk and saliva. H type 1 antigen belongs to both the Lewis and the 
ABO(H) histo-blood-group systems and is expressed in erythrocyte  membranes and in 
several epithelial tissues, namely the gastricmucosa, the upper respiratory tract and the 
lower genito-urinary tract. Approximately 75 per cent of white persons secrete glycoproteins 
containing the same A, B or H antigens present on their erythrocytes (Moreno et al., 2009). 

 
Blood Groups and Oral Lesions Diagnostics 

 

251 

The Lewis antigens, Lea and Leb, are also found on erythrocytes and glycoproteins. These 
antigens appear on the same glycoproteins as the ABH determinants, but their synthesis is 
regulated by the independent gene Le. The operation of these independent genes on a 
common substrate results in a complex phenotypic interaction (Henry et al., 1995). 

It is well established that the large array of functions that a tumour cell has to fulfill to settle 
as a metastasis in a distant organ requires cooperative activities between the tumour and the 
surrounding tissue and that several classes of molecules are involved, such as cell-cell and 
cell-matrix adhesion molecules and matrix degrading enzymes, to name only a few. Cell 
adhesion molecules are found on the surfaces of all cells, where they bind to extracellular 
matrix molecules or to receptors on other cells. Cell adhesion is critical in the dynamic 
processes necessary for tissue morphogenesis in development and the maintenance of 
complex differentiated tissues in adult organisms. Adhesion molecules have originally been 
thought to be essential for the formation of multicellular organisms and to tether cells to the 
extracellular matrix or to neighbouring cells (Marhaba & Zöller, 2004).  CDD44 is the major 
human cell surface receptor for hyaluronate and functions in a diverse range of 
physiological processes. CD44 may play a role in stimulating in vivo aggressiveness of 
tumors through hyaluronate-rich stroma (Hudson et al., 1996). Expression of CD44 has been 
described to correlate with metastasis formation in various tumors, although evidence in 
oral cavity cancers is inconclusive. 

2. ABO antigens 
Although the ABO blood group antigens were initially identified as erythrocyte substances 
with a significance mainly ascribed to serology, it soon became clear that these antigens 
were found on most epithelial cells and in secretions (Landsteiner, 1900). These ABH 
antigens are carbohydrate antigens which in epithelia are expressed in a highly regulated 
way that correlates with the pattern of epithelial differentiation and with cell maturation 
(Ravn & Dabelsteen, 2000). 

Profound changes in expression have been documented during epithelial cell migration in 
wound healing and in pathological processes such as malignant development, including 
oral carcinoma (Dabelsteen, 1996, Dabelsteen et al., 1998, Hakomori, 1996, Le Pendu et al., 
2001). Tumor progression is often associated with altered glycosylation of the cell-surface 
proteins and lipids (Hakomori, 1996). The peripheral parts of these cell-surface 
glycoconjugates often carries many of the target molecules that reside in blood are also 
present in oral fluids, albeit at lower concentrations. Oral fluids are, however, relatively easy 
and safe to collect without the need for specialized equipment and training. Thus, oral fluids 
provide convenient samples for medical diagnostics, carbohydrate structures related to the 
ABO and Lewis blood-group antigens. The expression of histo-blood-group antigens in 
normal human tissues is dependent on the type of differentiation of the epithelium. In most 
human carcinomas, including oral carcinoma, a significant event is the decreased expression 
of histo-blood-group antigens A and B (Hakomori, 1999). The mechanisms of aberrant 
expression of blood-group antigens are not clear in all cases (Hamokori & Handa 2002, Le 
Pendu et al., 2001, Gao 2004a, 2004b). A relative down-regulation of the glycosyltransferase 
that is involved in the biosynthesis of A and B antigens is seen in oral carcinomas in 
association with tumor development (Hakomori, 1999, Le Pendu et al., 2001). However, 
several recent studies have shown that altered glycosylation plays a major role in most 
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aspects of the malignant phenotype, including signal transduction and apoptosis. Studies of 
associations between various cancers and the ABO blood groups have shown elevated 
relative risks for some categories of disease (Campi et al., 2007, Khalil, 2008). 

To investigate the association of expression of ABH antigens and oral cancer, we conducted 
a study of premalignant lesions and diagnosed malignant tumors. The patients analyzed in 
this study presented to the Stomatology Department of The Odontology Faculty of the 
National University of Rosario, Argentina during two years. In total 132 subjects were 
examined, half of whom suffered from oral pre-cancerous and cancerous lesions, while the 
other half were the control group (benign lesions: mucosceles, papiloma, etc). All of them 
were subjected to clinical oral examinations. In the group of patients with oral pre-cancerous 
and cancerous lesions (experimental group), a pathohistological examination of the oral 
mucosa was performed (Biondi et al., 2008). 

All biopsies were fixed in 4% buffered formaldehyde, paraffin embedded, sectioned at 4μm, 
and stained with hematoxilyn and eosin. Sections (4 μm) from the tumor biopsies were 
placed on gelatine-coated slides. Sections were deparaffinized in xylene and brought to 
water through graded ethanol (100%). 

2.1 Specific red cell adherence test 

Specific red cell adherence test was performed on paraffin embedded sections to detect the 
intensity of isoantigens A, B and H (O) on the epithelial cell surface by a three layer 
sandwich technique, as described in (Vengelen-Tyler, V.  2002, Strauchen et al., 1980). 
Commercially available Anti A, Anti B, and Anti AB antisera from Span Diagnostic Limited 
and Ulex europaeus lectin (Anti H) were used. Slides of 4-5 micron section were 
deparaffinized and brought to water, immersed in Tris buffered saline 0.05 M (pH 7.4) for 30 
minutes, covered with isologous antisera according to patients’ blood group, and incubated 
for one hour with Anti- A, -B and -O antisera in a moist chamber at room temperature. The 
slides were then dipped in Tris buffered saline three times with occasional stirring to 
remove the unreacted antisera. A few drops of 2-5% isologous indicator RBC’s suspension 
were added to the sections and incubated for 20 minutes in group A or B and one hour for 
group O. The slides were inverted over a support in a petridish containing Tris buffered 
saline such that the undersurface of the slide just touched the solution, and kept for five 
minutes to settle unreacted RBCs down. The slides were observed under low power 
magnification and photographed immediately. 

Normal tissues containing blood group antigens, endothelium of blood vessels and RBCs 
acted as inbuilt positive controls, and adipose tissues acted as inbuilt negative controls. 

In the present study the isoantigenicity of the epithelium was graded according to degree of 
adherence of indicator RBCs as strongly positive adherence (++++) to negative adherence (-
). Intermediate levels were graded as + for 25% of adherence, ++ for 50% of adherence, and 
+++ for 75% of adherence. 

The immunoadherence reaction to tissue sections using antibodies and red blood cells 
showed a significant loss of A, B or H antigens related to the stage of tumor development 
and the histological grade of malignancy (Table 1).  

In the tissue sections studied, the endothelium of blood vessels was reactive with the 
erythrocytes (positive control), and adipose tissues did not react with the red blood cells 
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(negative controls). Loss of A, B, and H antigens from the surface of red blood cells was 
observed in patients with oral malignancy (89,4%), while the other 10,6% conserved the 
ABH expression. 39.4 % of the benign lesions which were diagnosed anatomophatologically 
lost the antigenic reactivity.  

 
 PRECANCEROUS 

CANCEROUS  
BENIGN LESIONS 

Parcial or total deletion 59 26 
Antigenic conservation 7 40 

Table 1. Expression of the ABH antigens in fixed tissue sections of oral lesions 

Blood-group antigens can be present on key receptors controlling cell proliferation, 
adhesion, and motility, such as epidermal growth factor receptor, integrins, cadherins, and 
CD44 (Gao et al., 2004). The expression patterns of these various receptors differ according 
to the type of normal epithelium and the type of cancer, and therefore the role of ABH 
antigens in the biology of human cancers may also vary. The function of the expression of 
ABO antigens in normal stratified oral epithelium is unclear. 

In routine diagnostic histopathology, classification of tumor type is based on the histological 
appearance of the most differentiated parts of the tumor. The prognosis of the tumor, on the 
other hand, is based partly on properties within the less differentiated parts. In most cases, 
the degree of differentiation is determined by cellular and tissue morphology and by the 
ability of the cells to synthesize certain specific products such as keratin and mucins. It has 
previously been demonstrated that the expression of cell surface carbohydrates in oral 
stratified epithelium is related to cell differentiation (Ravn & Dabelsteen, 1999). Most studies 
have dealt with alteration of carbohydrates at the cell surface.  

The results we obtained have demonstrated that the patients examined showing benign 
lesions expressed the ABH antigens in the tissues analyzed but there were significant 
differences in the experimental group (Fig.1, 2). We also found a higher intensity of oral 
disease in the group with total ABH deletion, and the occurrence of epithelial dysplasia was 
most frequently found in this group. Within the most invasive tumors sites, a deletion of 
ABH reactivity correlated significantly with the stage of tumor development and 
histological malignancy grade.  
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sections. The red-cell adherence and immunoperoxidase methods performed similarly (89%) 
when assessing the presence or absence of antigen (Boileau  et al., 1985). 

 
Fig. 1. Cancerous lesion: non inmunoadherence of red blood cells 

 
Fig. 2. Oral benign lesion: inmunoadherence of red blood cells to the tissue 
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Oral cancer often develops clinically as a two stage process, the first step being the 
appearance of a potentially malignant lesion and the second step the development of 
carcinoma. Leukoplakia and erythroplakia are clinical changes in the oral mucosa regarded 
as potentially malignant lesions (Gao et al., 2004). It is generally accepted that tumors are 
composed of heterogeneous cell populations with different biological behaviors. To obtain 
optimal prognostic information about the tumor, therefore, the entire tumor cell population 
should be studied. Despite the somewhat non representative nature of the biopsy material, 
it was possible to show that loss of ABH antigens was associated with the spread of tumor 
(stage). This could be of diagnostic and prognostic value. 

Immunohistochemical studies of oral squamous cell carcinomas have shown loss of 
expression of A or B antigens in more than 80% of cases, all of which showed concomitant 
loss of A/B transferase (Gao et al., 2004a, 2004b). Studies of potentially malignant lesions 
have shown loss of A/B antigen in most lesions with epithelial dysplasia and in half of the 
lesions clinically. In the normal oral cavity, keratinized epithelium in the palate or gingiva 
shows little or no expression of A or B blood group antigen. Since a change from a non-
keratinized to a keratinized differentiation pattern is a characteristic of many oral 
carcinomas and potentially malignant lesions, the lack of expression of blood-group 
antigens in such lesions could be due to a change in the differentiation pattern of the 
epithelium (Ravn & Dabelsteen, 2000, Dabelsteen et al., 1975). Other study has showed that 
the sequential expression of antigen is lost in carcinomas but retained in lesions with 
epithelial dysplasia and in lesions which clinically and histologically are regarded as benign. 
It also showed that although the sequential expression of carbohydrate antigens are retained 
in lesions with epithelial dysplasia, these lesions differ from normal and benign lesions due 
to an extended distribution of one of the carbohydrate structures (Dabelsteen et al, 1988). 
Some findings have also demonstrated that malignant development in stratified oral 
epithelium is associated with aberrant glycosylation of cellular glycoconjugates and that 
there are differences between premalignant lesions and carcinomas which may prove to be 
of diagnostic significance (Dabelsteen et al, 1988). 

3. Secretor status and Lewis histo-blood group antigens 
Although the ABO blood group antigens were initially identified, by Landsteiner, as 
erythrocyte substances with a significance mainly ascribed to serology, it soon became clear 
that these antigens were found on most epithelial cells and in secretions. Today the molecular 
and genetic basis of the ABH and Lewis systems and the associated secretory phenotypes has 
been resolved (Kelly 1995). The secretor gene (FUT2) codes for an α(1,2)fucosyltransferase that 
determines the ABH secretor status and influences the Lewis phenotype of an individual. The 
secretor status is defined by the presence of H type 1 antigen in body secretions such as milk 
and saliva H type 1 antigen belongs to both the Lewis and the ABO(H) histo-blood-group 
systems and is expressed in erythrocyte membranes and in several epithelial tissues, namely 
the gastricmucosa, the upper respiratory tract and the lower genito-urinary tract (Torrado, et 
al., 2000). Although the synthesis of H type 1 antigen is dependent on the sequential action of 
several glycosyltransferases, the secretor enzyme (FUT2), an α-1,2-fucosyltransferase, is 
responsible for the transfer of fucose in an α-1,2 linkage to form the terminal H type 1 structure 
(Oriol et al., 1986) . 

The Lewis histo-blood group antigens Lewis a (Lea) and Lewis b (Leb) are carbohydrate 
structures that form epitopes on glycolipids and glycoproteins (Nishihara  et al., 1994). Two 
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independent genes determine the Lewis phenotype; the Lewis gene (Le and le), and the 
secretor gene (Se and se). Conventional Lewis blood grouping is difficult (e.g., in cancer 
patients and pregnant women) because of the presence of nongenuine Lewis negative 
individuals (Ørntoft, et al., 1991). The secretor status in Lewis-negative individuals is 
currently determined by a labor-intensive hemagglutination inhibition technique that uses 
heatinactivated saliva. In Lewis positive individuals, the secretor status is deduced from the 
Lewis phenotype: i.e.: Le(a-b+) individuals are secretors, and Le(a+b-) individuals are 
nonsecretors (Nishihara et al., 1994). The ABO blood group antigens are among the well-
known fucosylated glycans. The expression of them is regulated by several 
glycosyltransferases that add monosaccharides to a precursor molecule in a sequential 
fashion (Mandel et al., 1992). The (l,2) fucosyltransferase that forms the H antigen, an 
essential precursor of the A and B antigens, plays a regulatory role in the tissue expression 
of the ABO antigens.  

The expression and secretion of ABO antigens in epithelial cells are controlled by 
secretortype (l,2)fucosyltransferase activity, known as the Secretor (Se) transferase (FUT2 
gene product) (Narimatsu et al., 1996). Several different polymorphisms are known in the 
FUT2 gene, some called as silent mutations, while others as to non-functional enzymes. 
Homozygous individuals with non-functional enzymes are termed non-secretors (se_/_). 
About 20% of individuals are non secretors who fail to express the ABO antigen in saliva. 
On the other hand, heterozygous individuals carrying one functional allele, have secretion 
similar to the wild-type. These are termed secretors (Se) (Narimatsu et al., 1996, Koda, et al., 
1997). 

Tumor progression is often associated with altered glycosylation of the cell-surface 
proteins and lipids. The peripheral part of these cell-surface glycoconjugates often carries 
carbohydrate structures related to the ABO and Lewis blood-group antigens. We analyzed 
the FUT2 gene and Se status in patients with oral lesions (benign, pre-cancerous and 
cancerous lesions) in order to determine whether these factors could be a marker risk of 
oral cancer. In total 178 subjects were examined, half of whom suffered from oral lesions 
(benign, pre-cancerous and cancerous), while the other half were the healthy control 
group. All of them were subjected to clinical oral examinations and standard evaluation 
tests in order to establish the secretor status of their saliva (agglutination inhibition 
technique (Vengelen-Tyler,  2002). In the group of patients with oral benign, pre-
cancerous and cancerous lesions (experimental group), a pathohistological examination of 
the oral mucosa was performed. 

Patients with benign oral lesions showed hyperplasia caused by diverse agents such as 
infectious, inflammatory, traumatic, hormonal, and drugs. The premalignant lesions 
included leukoplakia and lichen planus. The malignant lesions studied were squamous cell 
carcinoma.  

Appropriate informed consent was obtained from all subjects and all procedures were 
performed according to the ethical standards established by the University of Rosario.  

Saline erythrocyte suspensions were used for serological studies. The Lewis phenotypes of 
fresh blood samples were determined by a hemagglutination method (Vengelen-Tyler, 
2002), using anti-Lea and anti-Leb monoclonal antibodies. In order to establish the secretor 
status we analyzed their saliva by the agglutination inhibition technique.  
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3.1 Inhibition test for secretor status 

Two or 3 ml of saliva were collected into wide mouthed tubes. In order to eliminate the 
mucine protein they were treated with thermal shocks. They were then centrifuged and the 
supernatants were transferred to clean test tubes and placed in a boiling water bath for 10 
minutes to inactivate salivary enzymes. To 1 drop of appropriately diluted blood grouping 
reagent (anti-A, anti-B, or Ulex europaeus lectin) we added 1 drop of the patient’s saliva. 
After incubation for 10 minutes at room temperature, we added 2 drops of 2% to 5% saline 
suspension of washed indicator red cells. Then, the tube was incubated for further 30 
minutes and centrifuged in order to macroscopically inspect for agglutination. 
Agglutination of indicator cells by antibody in tubes containing saliva indicates that the 
saliva does not contain the corresponding antigen (non-secretor status). Failure of known 
antibody to agglutinate indicator cells after incubation with saliva indicates that the saliva 
contains the corresponding antigen (secretor status). 

3.2 Molecular studies  

3.2.1 DNA isolation 

Genomic DNA was isolated from saliva samples. We designed a protocol for DNA 
extraction from these samples. They were subjected to thermal shock by successive freezing 
and thawing and centrifuged to work with the cell button. We used the technique CTAB-
DTAB (dodecyltrimethylammoniumbromide/ cetyltrimethylammoniumbromide) adding 
CTAB directly without the addition of TE buffer (Yamamoto  et al., 1990, Henry et al., 1995). 
The DNA concentration was measured spectrophotometrically at 260 nm and diluted in 
sterile water to a concentration of 100 ng per L.  

3.2.2 G428A polymorphism  

The DNA samples were analyzed by ASO-PCR (allele specific oligonucleotid – polymerase 
chain reaction) with specific primers (Operon Lab) for G428 allele and the wild type allele of 
FUT2 gene (Table 2). A fragment of 132 bp was amplified as described by Henry et al. 
(Henry et al., 1995), except for the annealing temperature modifications. According to 
gradient of PCR the Tm of the primers chosen was 66ºC. The PCR products (132 bp) were 
analyzed in 2 % agarose gel containing ethidium bromide. The categorical data were 
examined with a 2 test, and the ORs were calculated as measure of association.  

 
Primers Tm Sequence Specificity 

FUT2-Se-428-s 68,8 ºC 5’-CCGGTACCCCTGCTCGTG-3’ Se (direct) 
FUT2-se-428-f 66,6 ºC 5’-ACCGGTACCCCTGCTCGTA-3’ se (direct) 

FUT2-all-523-as 66,7 ºC 5’-CCGGCTCCCGTTCACCTG-3’ Non specífic 
(reverse) 

Table 2. Sequence of primers for the analysis of the G428A mutation 

In our population the nonsense mutation (428 G-A) in the FUT2 gene is the most frequent 
polymorphism. We studied the possible association between the 428 G-A in the FUT2 gene 
and oral disease progression. The genotyping revealed that 18 (20.5%) of the 89 blood 
donors were found to be non-secretors (se_/_) and 79.5 % of the healthy individuals studied 
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presented the Se gene (FUT 2) that governs the secretion of water-soluble ABH antigens into 
saliva (control group). These secreted antigens can be demonstrated in saliva by 
agglutination inhibition tests with ABH antisera and molecular biology through analysis of 
the FUT 2 gene. In contrast, twenty-eight patients (58%) with oral pre-cancerous and 
cancerous lesions were non secretors, OR = 2.43; CI 95% (1.03; 5.71) (p= 0.0407) (Table 3). We 
found a higher intensity of oral disease in the non-secretor group, and epithelial dysplasia 
was found exclusively in this group.  

 

 
Benign 

Lesions (mucoceles, 
papilloma, etc) 

Pre-cancerous + 
Cancerous 

FUT2 –Se 
(Secretor Status) 26 20 

FUT2 –se 
(Non Secretor Status) 15 28 

Table 3. Secretor status in patients with oral lesions 

The molecular analysis showed that 48.31% of patients was homozygous for the G428A 
mutation (the mutation present in the 2 alleles), while the other patients were homozygous 
for the secretor status (none of them presented the allele G428A), or heterozygous secretor (1 
allele presented with the mutation G428A) (Fig. 3). 
 

 
Fig. 3. The agarose gel shows the PCR products of 132 bp for the M1-M6 samples. Each 
sample was analysed for the wild type allele (Se) and for G428A allele (se) and was run 
together with secretor control (CS) and non-secretor control (CNS). 



 
Oral Cancer 

 

258 

presented the Se gene (FUT 2) that governs the secretion of water-soluble ABH antigens into 
saliva (control group). These secreted antigens can be demonstrated in saliva by 
agglutination inhibition tests with ABH antisera and molecular biology through analysis of 
the FUT 2 gene. In contrast, twenty-eight patients (58%) with oral pre-cancerous and 
cancerous lesions were non secretors, OR = 2.43; CI 95% (1.03; 5.71) (p= 0.0407) (Table 3). We 
found a higher intensity of oral disease in the non-secretor group, and epithelial dysplasia 
was found exclusively in this group.  

 

 
Benign 

Lesions (mucoceles, 
papilloma, etc) 

Pre-cancerous + 
Cancerous 

FUT2 –Se 
(Secretor Status) 26 20 

FUT2 –se 
(Non Secretor Status) 15 28 

Table 3. Secretor status in patients with oral lesions 

The molecular analysis showed that 48.31% of patients was homozygous for the G428A 
mutation (the mutation present in the 2 alleles), while the other patients were homozygous 
for the secretor status (none of them presented the allele G428A), or heterozygous secretor (1 
allele presented with the mutation G428A) (Fig. 3). 
 

 
Fig. 3. The agarose gel shows the PCR products of 132 bp for the M1-M6 samples. Each 
sample was analysed for the wild type allele (Se) and for G428A allele (se) and was run 
together with secretor control (CS) and non-secretor control (CNS). 

 
Blood Groups and Oral Lesions Diagnostics 

 

259 

The secretor status is defined by the presence of H type 1 antigen in body secretions such as 
milk and saliva. H type 1 antigen belongs to both the Lewis and the ABO (H) histo-blood-
group systems and it is expressed in erythrocyte membranes and in several epithelial 
tissues. The secretor enzyme (FUT2), an α-1,2-fucosyltransferase, is responsible for the 
fucose transfer in an α-1,2 linkage to form the terminal H type 1 structure. The cell-surface 
fucosylated oligosacharides participate in several biological processes, such as 
embryogenesis, tissue differentiation, tumour metastasis, inflammation and bacterial 
adhesion (Dabelsteen, 2004). About 20% of the Caucasian population is non-secretor. Several 
disease correlations have been linked to non-secretor status. In general, being non-secretor 
results in several disadvantages regarding metabolism and immune function (Campi et al., 
2007, Le Pendu et al., 2001, Daniels, 2007).  

Our results have demonstrated that most of the individuals examined in the healthy group 
were secretor (have the FUT2 gene) (79.5 %) and there were significant difference between 
secretors and non-secretors in the experimental group. We have also found a higher 
intensity of oral disease in the non-secretor group, and the occurrence of epithelial dysplasia 
was mostly found in the non-secretor group. This study evaluated the association between 
oral lesions and polymorphisms of the Se genes. We found that oral pre-cancerous and 
cancerous lesions were increased among individuals with non secretor status and nonsense 
mutation 428G→A (Trp143→stop) (58.33%). We found 20 patients diagnosed 
histopathologically as malignant lesions despite the secretory status. We also observed that 
the red cell Lewis antigen reactivity does appear to be associated with the secretor status in 
the saliva, a conclusion supported by the observation that some individuals with Le(a-b+) 
red cells show reactivity of ABH antigens in their secretions and they have the FUT2 gene. 

The studies of patients with premalignant and malignant oral lesions, in which non-secretor 
status predominates, appear to be an associated risk marker for the development of oral 
cancer. Leukoplakia and erythroplakia are clinical changes in the oral mucosa regarded as 
potentially malignant lesions (Clausen et al., 1994, Hakomori, 1999). Certain 
histopathological changes may indicate a malignant potential in a lesion. However, the 
presence of such changes is not a reliable predictor of malignant transformation, and their 
absence does not mean that the patient is out of risk of developing a tumour (Gao et al., 
2004b). 

Although the relationship between epithelial dysplasia in a leukoplakia and malignant 
transformation of the lesion is debatable, many workers consider that the finding of 
epithelial dysplasia indicates a higher likelihood to develop malignancy. It is, however, 
more probable that the antigen changes found in the dysplastic lesions are associated with 
other factors, such as cell movement and growth rate, rather than malignancy per se 
(Dabelsteen, et al.,  1975).  

Our study evaluated the association between oral lesions and polymorphisms of the Se 
genes and secretor status. We found that oral pre-cancerous and cancerous were increased 
among individuals with non-secretor status and nonsense mutation 428G→A 
(Trp143→stop). We also demonstrated that the Le (a+b-) antigen expression was present in 
the population showing greater risk. The studies of patients with pre malignant and 
malignant oral lesions, in which non-secretor status predominates, show that this status 
appears to be an associated risk marker for the development for oral cancer. 
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4. CD44 
CD44 is a transmembrane glycoprotein that binds hyaluronan, extracellular matrix proteins 
and growth factors. Alternative splicing of a single gene generates a family of splice variants 
(CD44vl-10) in addition to the standard isoform.  Cell adhesion molecules are essential for 
maintaining the stable structure of stratified squamous epithelium. In normal epithelium, 
keratinocytes are attached to each other and to the underlying basement membrane. Cell 
adhesion, however, must be dynamic to facilitate the mobility and turnover of cells. In 
dynamic situations, keratinocytes alter their cell-cell and cell-ECM interactions by virtue of 
altered expression and function of cell adhesion molecules. The expression of cell adhesion 
molecules is normally tightly regulated-forming, persisting, or declining in an ordered 
fashion. This allows for controlled cell proliferation, mobility, differentiation, and survival. 
Many of these processes are misregulated in malignant tumours, and it has been shown that 
many of the characteristics of tumour cells are attributable to the aberrant expression or 
function of cell adhesion molecules. However, multiple CD44 isoforms are expressed by 
normal stratified squamous epithelia, such as the epidermis and the lining of the oral cavity 
(Hudson et al., 1996).  

The neoplastic transformation of normal epithelial cells to metastatic tumour cells is a 
complex process involving a number of alterations in the expression of genes implicated in 
cell proliferation, cell adhesion and cell migration. Tumour progression is the process by 
which tumour cells acquire malignant properties, such as progressive growth, invasion and 
metastasis (Nowell, 1986). One of the genes involved in these processes is CD44 which 
appears to be one of the most promising candidates as a cancer diagnosis marker (Otavia, et 
al., 2001).  Several studies have provided evidence that the expression of CD44 is specifically 
altered in many types of tumours. They show aberrant expression and processing of CD44 
transcripts and cell surface expression of CD44 appears to change profoundly during 
tumour metastasis, particularly during the progression of various carcinomas 
(Assimakopoulos et al., 2002). Numerous studies based on immunohistochemical analyses 
of paraffin-embedded or frozen tissue sections using different monoclonal antibodies to 
CD44 isoforms and molecular biological techniques have provided evidence that in many 
types of tumours there is overexpression of CD44 isoforms. 

We investigate by confocal microscopy, the expression of CD44 protein in epithelial cells 
obtained from saliva samples from patients with oral lesions. We studied 28 patients with 
various oral lesions (benign, pre-cancerous and cancerous), and a control group (n = 32) 
who had no alterations. We worked with saliva samples subjected to thermal shock and 
washed with phosphate buffered saline. They were concentrated by centrifugation. Then 106 
cells were incubated with anti-CD44 antibody suitable dilution for 30 min at room 
temperature. After washing with phosphate buffered saline, it was incubated with 
secondary antibody labeled with allophycocyanin (APC). Parallel internal controls were 
processed for each sample. The different cell suspensions were washed with phosphate 
buffered saline and observed by confocal microscopy (Nikon C1) using 639 nm red laser. 
The results obtained showed fluorescence corresponding to the presence of CD44 protein in 
samples from patients diagnosed with cancer and precancer. A higher intensity was 
observed in individuals with a pathological diagnosis of squamous cell carcinoma (Fig 4). In 
contrast, samples from patients with benign lesions showed no fluorescence images as 
samples of the control group (Fig. 5). These findings indicate that overexpression of CD44 
molecule analyzed could be considered as a marker of risk in individuals with oral lesions. 
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Fig. 4. Image of squamous carcinoma cells obtained by confocal microscopy. The over 
expression of CD44 protein is noted by the red fluorescence observed on cell membranes 
and in cytoplasms. 

 

 
Fig. 5. Image of benign lesions cells obtained by confocal microscopy. No red fluorescence is 
observed indicating the absence of CD44 protein expression. 
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Studies on early premalignant lesions and on early stage malignancies of several types of 
common tumours, such as breast, bladder and colon, have reported increased CD44 isoform 
expression and aberrant CD44 transcript processing, but also a marked heterogeneity in the 
pattern of expression within the tumour. These specific alterations in CD44 expression 
become clear and distinct with tumour progression, with higher expression levels achieved 
in invasive and metastatic tumour cells. Several mechanisms, based on the properties of 
CD44 as the major hyaluronan CD44 in squamous cell carcinomas receptor and as a signal 
transmitter and growth presenting molecule, have been proposed to explain the role of 
elevated CD44 expression during tumour development and progression (Knudson, 1998). 

5. Conclusion 
Clinical examination and histopathological studies of biopsied material are the classical and 
the most accepted diagnostic methods used for precancerous and cancerous oral lesions. 
While conventional oral examination may be useful in the discovery of some oral lesions, it 
does not identify all potentially premalignant and/or malignant lesions. 

It has been shown that leukoplakias from patients who subsequently developed malignancy 
all demonstrated loss of expression of histo-blood group antigen in the lesions that preceded 
the carcinomas. This may indicate that the change in expression of A/B antigen is an early 
event in the malignant development process.  

We propose that areas of SRCA-test negative epithelium are closely related to invasive 
carcinomas and may be their precursor lesions. However, as it is generally accepted that 
cancer cells must undergo a whole series of changes to become metastatic, it is remarkable 
the degree of expression of a single carbohydrate structure was significantly correlated with 
aggressive clinical behaviour of the tumour. It is therefore possible that further prognostic 
information can be obtained by detecting a group of other related carbohydrate structures at 
the cancer cell membranes. 

Our findings also demonstrate that the Se genotypes affect the risk of developing malignant 
oral disease defined by the secretor status. The study also evaluated the association between 
oral lesions and polymorphisms of the Se genes. We found that oral pre-cancerous and 
cancerous lesions were increased among individuals with non secretor status and nonsense 
mutation 428G→A (Trp143→stop). 

Thus, we think that CD44 might be a good candidate as a predictor of prognosis in this 
group of cancers. However, a larger series with clinical follow-up and study of other 
biological markers of tumor progression is needed to determine whether it is an 
independent prognostic factor or not. 

In summary, our results indicate that at the same time as the morphological changes that 
occur during the process of oral carcinogenesis, another series of events occurs. Further 
follow-up studies are required to clarify the role of predictive markers of risk in precursor 
lesions of oral cancer 

6. References 
Assimakopoulos, D.;  Kolettas, E.; Patrikakos, G.& Evangelou, A. (2002). The role of CD44 in 

the development    and prognosis of head and neck squamous cell carcinomas. 
Histol Histopathol, Vol. 17, Nº 4, (October 2002), pp. 1269-1281, ISSN 0213-3911 



 
Oral Cancer 

 

262 

Studies on early premalignant lesions and on early stage malignancies of several types of 
common tumours, such as breast, bladder and colon, have reported increased CD44 isoform 
expression and aberrant CD44 transcript processing, but also a marked heterogeneity in the 
pattern of expression within the tumour. These specific alterations in CD44 expression 
become clear and distinct with tumour progression, with higher expression levels achieved 
in invasive and metastatic tumour cells. Several mechanisms, based on the properties of 
CD44 as the major hyaluronan CD44 in squamous cell carcinomas receptor and as a signal 
transmitter and growth presenting molecule, have been proposed to explain the role of 
elevated CD44 expression during tumour development and progression (Knudson, 1998). 

5. Conclusion 
Clinical examination and histopathological studies of biopsied material are the classical and 
the most accepted diagnostic methods used for precancerous and cancerous oral lesions. 
While conventional oral examination may be useful in the discovery of some oral lesions, it 
does not identify all potentially premalignant and/or malignant lesions. 

It has been shown that leukoplakias from patients who subsequently developed malignancy 
all demonstrated loss of expression of histo-blood group antigen in the lesions that preceded 
the carcinomas. This may indicate that the change in expression of A/B antigen is an early 
event in the malignant development process.  

We propose that areas of SRCA-test negative epithelium are closely related to invasive 
carcinomas and may be their precursor lesions. However, as it is generally accepted that 
cancer cells must undergo a whole series of changes to become metastatic, it is remarkable 
the degree of expression of a single carbohydrate structure was significantly correlated with 
aggressive clinical behaviour of the tumour. It is therefore possible that further prognostic 
information can be obtained by detecting a group of other related carbohydrate structures at 
the cancer cell membranes. 

Our findings also demonstrate that the Se genotypes affect the risk of developing malignant 
oral disease defined by the secretor status. The study also evaluated the association between 
oral lesions and polymorphisms of the Se genes. We found that oral pre-cancerous and 
cancerous lesions were increased among individuals with non secretor status and nonsense 
mutation 428G→A (Trp143→stop). 

Thus, we think that CD44 might be a good candidate as a predictor of prognosis in this 
group of cancers. However, a larger series with clinical follow-up and study of other 
biological markers of tumor progression is needed to determine whether it is an 
independent prognostic factor or not. 

In summary, our results indicate that at the same time as the morphological changes that 
occur during the process of oral carcinogenesis, another series of events occurs. Further 
follow-up studies are required to clarify the role of predictive markers of risk in precursor 
lesions of oral cancer 

6. References 
Assimakopoulos, D.;  Kolettas, E.; Patrikakos, G.& Evangelou, A. (2002). The role of CD44 in 

the development    and prognosis of head and neck squamous cell carcinomas. 
Histol Histopathol, Vol. 17, Nº 4, (October 2002), pp. 1269-1281, ISSN 0213-3911 

 
Blood Groups and Oral Lesions Diagnostics 

 

263 

Biondi, C.; Campi, C.;  Escovich, L.; Racca, A.; García Borrás, S.;  Cotorruelo, C. (2008). Loss 
of A, B, and H antigens in oral cancer. Inmunología, Vol. 27, Nº 3 (April 2008). pp. 
127-131, ISSN 0213-9626 

Boileau, M.;  Cowles, R.; Schmidt, K. & Schmidt, W. (1985).  Comparison of specific red-cell 
adherence and immunoperoxidase staining techniques for ABO(H) blood-group 
cell-surface antigens on superficial transitional cell carcinoma of the bladder. J Surg 
Oncol, Vol. 30, Nª2, (October 1985), pp. 72-79, ISSN 0022-4790 

Campi, C.; Escovich, L.; Valdés, V.; García-Borrás, S.; Racca L.; Racca, A.; Cotorruelo, C. & 
Biondi, C. (2007). Secretor status and ABH antigens expression in patients with oral 
lesions. Med Oral Patol Oral Cir Bucal, Vol.  12, pp. E431-E434. ISSN 1698-6946  

Dabelsteen, E.; Roed-Petersen, B. & Pindborg, J. (1975). Loss of epithelial blood group 
antigens A and B in oral premalignant lesions. Acta Pathol Microbiol Scand (A), Vol. 
83, Nº 3, (My 1975), pp. 292-300, ISSN 0903-4641 

Dabelsteen E (1996). Cell surface carbohydrates as prognostic markers in human 
carcinomas. J Pathol, Vol.  179, Nº 4, (August 1996), pp.358-369, ISSN 1096-9896 

Dabelsteen, E. & Gao,S. (2004). ABO Blood-group Antigens in Oral Cancer. J Dent Res, Vol. 
84, Nº 1, (June 2004), pp. 21-28, ISSN  0022-0345 

Dabelsteen, E.; Gron, B.; Mandel, U. & Mackenzie, I. (1998). Altered  expression of epithelial 
cell surface glyco- 19 conjugates and intermediate filaments at the margins of 
mucosal wounds. J Invest Dermatol, Vol. 111, pp. 592–597, ISSN 0022-202X 

Daniels G. (2007). Functions of red cell surface proteins. Vox Sang, Vol. 93, Nº 4, (November 
2007), 331-340, ISSN 1423-0410 

Ebnet, K. & Vestweber, D. (1999). Molecular mechanisms that control leukocyte 
extravasation: the selectins and the chemokines. Histochem Cell Biol, Vol. 112, Nº 1, 
(July 1999), pp.1-23, ISSN 0948-6143 

Fenderson, B.; Holmes, E.; Fukushi, Y. & Hakomori, S. (1986). Coordinate expression of X 
and Y haptens during murine embryogenesis. Developmental Biology, Vol. 114, Nº 1, 
(March 1986), pp. 12-21, ISSN 0012-1606 

Foresto, P.; Biondi, C.;  Racca, L.;  Brufman, A.;. Yaber, F.;  Solís, E.; Provenzal, O. & 
Valverde, J. (2000). Glicosilación anormal de antígenos ABH solubles en patoloías 
tumorales del tracto urinario. Archivos Españoles de Urología., Vol.53, Nº 3, pp. 196-
199, ISSN Nº  0004-0614 

Fukuda M (2002). Roles of mucin-type O-glycans in cell adhesion. Biochim Biophys Acta, Vol. 
1573, Nº 3, pp. 394-405, ISSN 0304-4165 

Gao, S.; Bennett, E.; Reibel, J.; Chen, X.; Christensen, E.; Krogdahl, A. & Dabelsteen, E. 
(2004a). Histo-blood group ABO antigen in oral potentially malignant lesions and 
squamous cell carcinoma—genotypic and phenotypic characterization. APMIS, 
Vol. 112, Nº 1, (January 2004), pp. 11-20, ISSN 1600-0463 

Gao, S.; Worm, J.; Guldberg, P.; Eiberg, H.; Krogdahl, A. & Liu, C. (2004b). Genetic and 
epigenetic alterations of the blood group ABO gene in oral squamous cell 
carcinoma. Int J Cancer, Vol. 109, Nº 2, pp, 230-237, ISSN 1097-0215 

Greenlee, R.; Hill-Harmon, M.; Murray, T. & Thun M.  (2001). Cancer statistics. CA Cancer J 
Clin, Vol.  51, pp.  15–36, ISSN 0007-9235 

Hakomori, S.; Koscielak, J.; Bloch, K. & Jeanloz R. (1967). Immunologic relationship between 
blood group substances and a fucose-containing glycolipid of human 
adenocarcinoma. J Immunol, Vol. 98, Nº 1 (January 1967), pp. 31-38, ISSN 0022-1767 



 
Oral Cancer 

 

264 

Hakomori S. (1996). Tumor malignancy defined by aberrant glycosylation and 
sphingo(glyco) lipid metabolism. Cancer Res, Vol. 56, pp. 5309–5318, ISSN 0008-
5472 

Hakomori S (1999). Antigen structure and genetic basis of histo-blood groups A, B and O: 
their changes associated with human cancer. Biochim Biophys Act,. Vol. 1473, Nº 1, 
(December 1999). pp. 247-266, ISSN 0304-4165 

Hakomori, S. (2002). Glycosylation defining cancer malignancy: new wine in an old bottle. 
Proc Natl Acad Sci USA, Vol. 99, Nº 19, (August 2002), pp. 10231-10233, ISSN 0027-
8424 

Hakomori S (2003). Structure, organization, and function of glycosphingolipids in 
membrane. Curr Opin Hematol, Vol. 10, Nº1, (January 2003), pp. 16-24, ISSN 1065-
6251 

Hakomori, S. & Handa K. (2002). Glycosphingolipid-dependent cross-talk between 
glycosynapses interfacing tumor cells with their host cells: essential basis to define 
tumor malignancy. FEBS Lett, Vol. 531, Nº 1, (September 2002), pp. 88-92, ISSN 
0014-5793  

Hascall VC (2000). Hyaluronan, a common thread. Glycoconjugate Journal, Vol. 17, Nº 7-9, 
(July 2000), pp. 607-616, ISSN 0282-0080 

Henry, S.; Oriol, R.; Samuelsson, B. (1995). Lewis histo-blood group system and associated 
secretory phenotypes. Vox Sang. Vol. 69, pp. 166-82, ISSN 1423-0410 

Hudson, D.; Speight, P. & Watt, F. (1996). Altered expression of CD44 isoforms in 
squamous-cell carcinomas and cell lines derived from them. Int J Cancer, Vol. 66, Nº 
1, (May 1996),  pp. 457-463, ISSN  1097-0215 

Jemal, A.; Thomas, A.; Murray, T & Thun, M. (2002). Cancer statistics, 2002. CA Cancer J Clin, 
Vol.52. Nº 1, (Jan-Feb 2002), pp. 23-47, ISSN 0007-9235 

Kelly, R.; Rouquier, S.; Giorgi, D.; Lennon, G. & Lowe I. (1995) Sequence and expression of a 
candidate for the human secretor blood group α(1,2)fucosyltransferase gene 
(FUT2). Homozygosity for an enzyme-inactivating nonsense mutation commonly 
correlates with the non-secretor phenotype. J Biol Chem.  Vol. 270, Nº 9, pp. 4640-
4649, ISSN 0021-9258 

Khalili, J.  (2008). Oral cancer: risk factors, prevention and diagnostic. Experimental Oncology, 
Vol. 30, Nº4, pp. 259–264, ISSN 1812-9269 

Knudson, W. (1998). The role of CD44 as a cell surface hyaluronan receptor during tumour 
invasion of connective tissue. Front. Biosci., Vol.  3, pp. d604-d615, ISSN 1093-9946 

Koda, Y.; Soejima, M.; Wang, B. & Kimura, H. (1997). Structure and expression of the gene 
encoding secretor-type galactoside 2-alpha-Lfucosyltransferase (FUT2). Eur J 
Biochem Vol. 246, Nº 3, pp. 750-755, ISSN 00142956 

Koda, Y.; Tachida, H.; Soejima, M.; Takenaka, O. & Kimura H. (2000). Ancient origin of the 
null allele se(428) of the human ABO-secretor locus (FUT2). J Mol Evol, Vol. 50, Nº 
3, pp.:243–248, ISNN 0022-2844 

Landsteiner, K. (1900). Zur Kenntnis der antifermentativen, lytischen und agglutinierenden 
Wirkungen des Blutserums und der Lymphe. Zbl Bakterial , Vol. 27, pp. 357–62. 

Le Pendu, J. ; Marionneau, S.;  Cailleau-Thomas, A.; Rocher, J.; Moullac-Vaidye, B. & 
Clement M. (2001). ABH and Lewis histo-blood group antigens in cancer. APMIS, 
Vol. 109, Nº 1, (January 2001), pp.9-31, ISSN 1600-0463 



 
Oral Cancer 

 

264 

Hakomori S. (1996). Tumor malignancy defined by aberrant glycosylation and 
sphingo(glyco) lipid metabolism. Cancer Res, Vol. 56, pp. 5309–5318, ISSN 0008-
5472 

Hakomori S (1999). Antigen structure and genetic basis of histo-blood groups A, B and O: 
their changes associated with human cancer. Biochim Biophys Act,. Vol. 1473, Nº 1, 
(December 1999). pp. 247-266, ISSN 0304-4165 

Hakomori, S. (2002). Glycosylation defining cancer malignancy: new wine in an old bottle. 
Proc Natl Acad Sci USA, Vol. 99, Nº 19, (August 2002), pp. 10231-10233, ISSN 0027-
8424 

Hakomori S (2003). Structure, organization, and function of glycosphingolipids in 
membrane. Curr Opin Hematol, Vol. 10, Nº1, (January 2003), pp. 16-24, ISSN 1065-
6251 

Hakomori, S. & Handa K. (2002). Glycosphingolipid-dependent cross-talk between 
glycosynapses interfacing tumor cells with their host cells: essential basis to define 
tumor malignancy. FEBS Lett, Vol. 531, Nº 1, (September 2002), pp. 88-92, ISSN 
0014-5793  

Hascall VC (2000). Hyaluronan, a common thread. Glycoconjugate Journal, Vol. 17, Nº 7-9, 
(July 2000), pp. 607-616, ISSN 0282-0080 

Henry, S.; Oriol, R.; Samuelsson, B. (1995). Lewis histo-blood group system and associated 
secretory phenotypes. Vox Sang. Vol. 69, pp. 166-82, ISSN 1423-0410 

Hudson, D.; Speight, P. & Watt, F. (1996). Altered expression of CD44 isoforms in 
squamous-cell carcinomas and cell lines derived from them. Int J Cancer, Vol. 66, Nº 
1, (May 1996),  pp. 457-463, ISSN  1097-0215 

Jemal, A.; Thomas, A.; Murray, T & Thun, M. (2002). Cancer statistics, 2002. CA Cancer J Clin, 
Vol.52. Nº 1, (Jan-Feb 2002), pp. 23-47, ISSN 0007-9235 

Kelly, R.; Rouquier, S.; Giorgi, D.; Lennon, G. & Lowe I. (1995) Sequence and expression of a 
candidate for the human secretor blood group α(1,2)fucosyltransferase gene 
(FUT2). Homozygosity for an enzyme-inactivating nonsense mutation commonly 
correlates with the non-secretor phenotype. J Biol Chem.  Vol. 270, Nº 9, pp. 4640-
4649, ISSN 0021-9258 

Khalili, J.  (2008). Oral cancer: risk factors, prevention and diagnostic. Experimental Oncology, 
Vol. 30, Nº4, pp. 259–264, ISSN 1812-9269 

Knudson, W. (1998). The role of CD44 as a cell surface hyaluronan receptor during tumour 
invasion of connective tissue. Front. Biosci., Vol.  3, pp. d604-d615, ISSN 1093-9946 

Koda, Y.; Soejima, M.; Wang, B. & Kimura, H. (1997). Structure and expression of the gene 
encoding secretor-type galactoside 2-alpha-Lfucosyltransferase (FUT2). Eur J 
Biochem Vol. 246, Nº 3, pp. 750-755, ISSN 00142956 

Koda, Y.; Tachida, H.; Soejima, M.; Takenaka, O. & Kimura H. (2000). Ancient origin of the 
null allele se(428) of the human ABO-secretor locus (FUT2). J Mol Evol, Vol. 50, Nº 
3, pp.:243–248, ISNN 0022-2844 

Landsteiner, K. (1900). Zur Kenntnis der antifermentativen, lytischen und agglutinierenden 
Wirkungen des Blutserums und der Lymphe. Zbl Bakterial , Vol. 27, pp. 357–62. 

Le Pendu, J. ; Marionneau, S.;  Cailleau-Thomas, A.; Rocher, J.; Moullac-Vaidye, B. & 
Clement M. (2001). ABH and Lewis histo-blood group antigens in cancer. APMIS, 
Vol. 109, Nº 1, (January 2001), pp.9-31, ISSN 1600-0463 

 
Blood Groups and Oral Lesions Diagnostics 

 

265 

Mandel, U.; Langkilde, N.; Ørntoft T.; Hamilton Therkildsen, M.; Karkov, J.; Reibel, J.; 
White, T.; Clausen, H. & Dabelsteen, E. (1992). Expression of histo-blood group 
A/B gene defined glycosyltransferases in normal and malignant epithelia: 
correlation with A/B carbohydrate expression. Int J Cancer, Vol. 52, Nº 1, (August 
1992), pp. 7-12, ISSN 1097-0215 

Marhaba, R. & Zöller, M. (2004). CD44 in cancer progression: adhesion, migration and 
growth regulation.  J Mol Histol. Vol. 35, Nº 3, (March 2004), pp. 211-31, ISSN 1567-
2379 

Miller, M. & Kearney, N. (2001). Oral care for patients with cancer: a review of the literature. 
Cancer Nursing, Vol. 24, Nº 4, (August 2001), pp.:241-254, ISSN 0162-220X 

Mollison, P.; Emgelfriet, C. & Contreras P. (1997). Blood Transfusion en Clinical  Medicine. 11th  
Ed.. Blackwell Scientific Publications. Oxford, ISBN-13: 978-0-632-06454-0 

Moreno, A.;  Campi, C.; Escovich, L.; García Borrás, S.; Racca, L.; Racca, A.;  Cotorruelo, C. & 
Biondi. C. (2009). Analysis of the FUT2 gene and Secretor status in patients with 
oral lesions. Inmunología. Vol. 28, Nº 3, pp. 131-134, ISSN  0213-9626 

Narimatsu, H.; Iwasaki, H.; Nishihara, S.; Kimura, H.; Kudo, T., Yamauchi, Y. & Hirohashi, 
S. (1996). Genetic evidence for the Lewis enzyme, which synthesizes type-1 Lewis 
antigens in colon tissue, and intracellular localization of the enzyme. Cancer Res, 
Vol. 56,  Nº 2, (January 1996), pp. 330–338, ISSN 0008-5472 

Nishihara, S.; Narimatsu, H.; Iwasaki, H.; Yazawa, S.;  Akamatsu, S.; Ando, T. & Seno T.  
(1994).  Molecular genetic analysis of the human Lewis histo-blood group   system.   
J Biol Chem , Vol. 269, pp. 29271–29278, , ISSN 0021-9258 

Oriol, R., Le Pendu, J. and Mollicone, R. (1986).  Genetics of ABO, H, Lewis, X and related 
antigens. Vox. Sang. Vol. 51, pp. 161–171, ISSN 1423-0410 

Onizawa, K.; Nishihara, K.; Yamagata, K.; Yusa, H., Yanagawa, T. & Yoshida, H. (2003). 
Factors associated with diagnostic delay of oral squamous cell carcinoma. Oral 
Oncoly, Vol. 39, Nº 8 (April 2003), pp.781-788, ISSN 1368-8375 

Ørntoft, T.; Holmes, E.; Johnson, P.; Hakomori, S. &  Clausen, H. (1991). Differential tissue 
expression of the Lewis blood group antigens: enzymatic, immunohistologic, and 
immunochemical evidence for Lewis a and b antigen expression in Le(a2b2) 
individuals. Blood, Vol. 77, pp.:1389–1396, ISSN 0006-4971 

Otavia, L.; Caballero, .L.; de Souza, S.; Bretani,  R.&  Simpson A. (2001). Alternative spliced 
transcripts as cancer markers. Dis. Markers, Vol. 17, Nº 2, pp. 67-75, ISSN 0278-0240 

Parkin, M.; Bray, F.; Ferlay, J & Pisani, P. (2001). Estimating the world cancer burden: 
Globocan 2000. Int J Cancer, Vol. 94, Nº 2, (July 2001), pp. 153–156, ISSN 1097-0215 

Ravn, V, & Dabelsteen, E. (2000). Tissue distribution of histo-blood group antigens. APMIS, 
Vol. 108, Nº 1, (January 2000), pp. 1–28, ISSN 1600-0463 

Regev E, Zeltser R, Lustmann J. (1992).Lip carcinoma in renal allograft recipient with long-
term immunosuppressive therapy.  Oral Surg. Vol. 73, Nº 4, (April 1992),  pp. 412-
414, ISSN 1079-2104 

Strauchen, J.; Bergman, S. & Hanson, T. (1980). Expression of A and B Tissue Isoantigens in 
benign and malignant lesions of the Breast. Cancer; Vo. 45, Nº 8, pp. 2149-2155, 
ISSN 0008-543X   

Svensson, L.;. Petersson,A.  & Henry, S. (2000). Secretor genotyping for A385T, G428A, 
C571T, C628T, 685delTGG,G849A, and other mutations from a single PCR. 
Transfusion,  Vol. 40, Nº 7,  (July 2000), pp. 856-860, ISSN 1537-2995 



 
Oral Cancer 

 

266 

Wang, B.; Akiyama, K.; Jia, J. & Kimura, H. (1994). Measuring type 1 and type 2 antigens in 
human saliva by immunoassay using artificial antigens as standard substances. 
Forensic Sci. Int. Vol. 67, Nº 1, (June 1994), pp 1-8, ISSN 0379-0738 

Yamamoto, F. (1995). Molecular genetics of ABO histo-blood groups. Vox sanguinis. Vol. 69, 
Nº 1, (July 1995), pp. 1-7, ISNN  1423-0410 

Yamamoto, F.; Clausen, H.; White, T.; Marken, J. & Hakomori, S. (1990). Molecular genetic 
basis of the histo-blood group ABO system. Nature, Vol. 345, (May 1990), pp. 229–
33 ISSN 0028-0836 



 
Oral Cancer 

 

266 

Wang, B.; Akiyama, K.; Jia, J. & Kimura, H. (1994). Measuring type 1 and type 2 antigens in 
human saliva by immunoassay using artificial antigens as standard substances. 
Forensic Sci. Int. Vol. 67, Nº 1, (June 1994), pp 1-8, ISSN 0379-0738 

Yamamoto, F. (1995). Molecular genetics of ABO histo-blood groups. Vox sanguinis. Vol. 69, 
Nº 1, (July 1995), pp. 1-7, ISNN  1423-0410 

Yamamoto, F.; Clausen, H.; White, T.; Marken, J. & Hakomori, S. (1990). Molecular genetic 
basis of the histo-blood group ABO system. Nature, Vol. 345, (May 1990), pp. 229–
33 ISSN 0028-0836 

14 

Management of Early-Stage Tongue Cancer 
Kiyoto Shiga, Katsunori Katagiri,  

Ayako Nakanome, Takenori Ogawa and Toshimitsu Kobayashi 
Department of Otolaryngology-Head and Neck Surgery, Tohoku University Hospital,  

Japan 

1. Introduction 
In general, tongue cancer is usually treated surgically and additional therapy is carried out if 
patients have advanced cancers. Although surgical treatment is performed at the early stage 
of tongue cancer, still some problems emerge, such as late cervical lymph node metastasis 
and elective neck dissection. We previously recommended elective neck dissection for 
patients with T2 tongue cancers (Tateda et al., 2000). However, the range of tumor sizes that 
would require elective neck dissection remains to be determined. 

Between 2001 and 2005, a total of 43 patients with oral tongue cancers were treated at 
Tohoku University Hospital. As for our patients with T2 N0 cancer, the pathological 
examination results revealed that 3 (43%) of the 7 patients who underwent elective neck 
dissection (late T2) had a lymph node metastasis. On the other hand, 4 of the 6 patients who 
did not undergo elective neck dissection in the first surgery (early T2) had a recurrence at 
the neck. In total, 7 (54%) of the 13 patients who were found to have T2 N0 tongue cancers 
developed lymph node metastases after the initial treatment. When there was a regional 
recurrence, salvage therapies were conducted. However, 3 of the 4 patients with early T2 
who had a regional recurrence died of the disease. These data indicate that elective neck 
dissection should be considered for treating patients with T2 N0 tongue cancer to improve 
the poor prognoses associated with not undergoing elective neck dissection. We also 
investigated the relationship between nodal metastasis and tumor diameter and depth of 
tumor invasion. There was a significant difference between the frequency of the nodal 
metastasis in the patients with tumors less than 4 mm in depth and that in patients with 
tumors greater than 4 mm in depth, indicating that the depth of the tumor invasion is a 
critical factor for lymph node metastasis (Shiga et al., 2007).  

Since 2005, we had been treating patients with T2 N0 tongue cancers by surgical removal of 
the tumor, that is, partial glossectomy and elective neck dissection. The improvement of the 
treatment results and the prognoses of the patients with early-stage oral tongue cancers are 
described and discussed. 

2. Background 
Tongue cancer is the most common type of oral cancer worldwide, and the majority of cases 
are defined as early cancer lesions. Because a standardized treatment strategy has not yet 
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been developed, various therapies such as surgery, brachytherapy, chemotherapy, and 
radiation therapy are chosen to treat patients with tongue cancers in different hospitals. In 
our hospital, tongue cancer is usually treated surgically and additional therapy is conducted 
for patients with advanced clinical stage diseases. Elective neck dissection as a treatment for 
patients with early-stage oral tongue cancers and clinically normal necks remains a 
controversial issue (Haddadin et al., 1999; Hughes et al., 1993; Keski-Santti et al., 2006; 
O’Brien et al., 1986; Veness et al., 2005; Yuen et al., 1997). Several reports have described the 
results of immediate elective neck dissection versus delayed elective neck dissection, that is, 
performing the surgery after the patient is observed or watched to have developed of early-
stage N0 tongue cancers, and it has been reported that the survival rate of “watched” 
patients was worse than that of patients having elective neck dissection (Cunningham et al., 
1986; Ho et al., 1992; Lydiatt et al., 1993; Persky and Lagmay, 1999; Yuen et al 1997). 

There have been several reports about histopathological parameters that predict neck 
metastasis of tongue cancer. Among these parameters, tumor thickness and depth of 
invasion have been studied and have often been documented (Asakage et al., 1998; Brown et 
al., 1989; Byers et al., 1998; Fukano et al., 1997; Jones et al., 1992; Lim et al., 2004; Rasgon et 
al., 1989; Sparano et al., 2004; Spiro et al., 1986). However, indications for elective neck 
dissection according to tumor thickness or depth of invasion have not yet been previously 
reported. Perhaps this is because of the clinical difficulty in accurately measuring tumor 
thickness and depth of invasion before the initial treatment. 

We investigated the size of tongue cancers that require neck dissection. In our study from 
2001 through 2005, the patients with N0 tumors smaller than 30 mm in diameter (T1 and 
early T2) underwent only partial glossectomy. The patients with N0 tumors larger than 30 
mm in diameter (late T2) underwent partial glossectomy and elective neck dissection. As 
described in the following discussion, the patients with early T2 tumor had poorer outcomes 
because they had regional recurrences and distant metastases. In our study after 2005, the 
patients with T2 N0 tumors underwent partial glossectomy and elective neck dissection and 
showed remarkably better prognoses. 

In addition, our results indicated that tumor thickness is a critical indicator of cervical 
lymph node metastasis in patients with T1 or T2 tongue cancers because a significant 
difference was observed even in our small number of patients. 

3. 2001 series 
3.1 Patients and methods 

Between November 2001 and June 2005, 43 patients with tongue carcinomas were treated at 
the Tohoku University Hospital. None of the patients had distant metastasis at the time of 
first admission to the hospital. The tumors were defined according to the TNM classification 
by clinical examination, and computed tomographic (CT) scan and/or magnetic resonance 
imaging (MRI) findings. There were 8 patients with T1 N0 tumors (stage I) and 13 patients 
with T2 N0 tumors (stage II). There were 26 male and 17 female patients. The median 
patient age was 59 years (range, 24–86 years). All but 1 of the patients were found to have 
squamous cell carcinomas by histopathological examination. One patient with a T1 N0 
tumor had a verrucous carcinoma of the tongue. 
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al., 1989; Sparano et al., 2004; Spiro et al., 1986). However, indications for elective neck 
dissection according to tumor thickness or depth of invasion have not yet been previously 
reported. Perhaps this is because of the clinical difficulty in accurately measuring tumor 
thickness and depth of invasion before the initial treatment. 

We investigated the size of tongue cancers that require neck dissection. In our study from 
2001 through 2005, the patients with N0 tumors smaller than 30 mm in diameter (T1 and 
early T2) underwent only partial glossectomy. The patients with N0 tumors larger than 30 
mm in diameter (late T2) underwent partial glossectomy and elective neck dissection. As 
described in the following discussion, the patients with early T2 tumor had poorer outcomes 
because they had regional recurrences and distant metastases. In our study after 2005, the 
patients with T2 N0 tumors underwent partial glossectomy and elective neck dissection and 
showed remarkably better prognoses. 

In addition, our results indicated that tumor thickness is a critical indicator of cervical 
lymph node metastasis in patients with T1 or T2 tongue cancers because a significant 
difference was observed even in our small number of patients. 

3. 2001 series 
3.1 Patients and methods 

Between November 2001 and June 2005, 43 patients with tongue carcinomas were treated at 
the Tohoku University Hospital. None of the patients had distant metastasis at the time of 
first admission to the hospital. The tumors were defined according to the TNM classification 
by clinical examination, and computed tomographic (CT) scan and/or magnetic resonance 
imaging (MRI) findings. There were 8 patients with T1 N0 tumors (stage I) and 13 patients 
with T2 N0 tumors (stage II). There were 26 male and 17 female patients. The median 
patient age was 59 years (range, 24–86 years). All but 1 of the patients were found to have 
squamous cell carcinomas by histopathological examination. One patient with a T1 N0 
tumor had a verrucous carcinoma of the tongue. 
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In our hospital, the initial treatment for early-stage tongue cancer is surgical resection of the 
primary tumor, that is, partial glossectomy with or without neck dissection. The neck 
dissection conducted for the patients with late T2 N0 tumors was supraomohyoid neck 
dissection (SOND). If a recurrent tumor was found in the neck after the surgery in the 
patients who did not undergo neck dissection at the first surgery, a neck dissection was 
conducted if possible. If a surgical resection was not possible, the patients were treated 
mainly by radiation therapy. If distant metastases were found, the patients were treated 
mainly by chemotherapy by using Docetaxel, cisplatin, and 5-fluorouracil. 

The statistical analyses of the data were performed by the chi-square test and the Student t 
test. All the follow-up data were updated at the end of May 2006. The survival curves of the 
patients were calculated using the Kaplan–Meier method based on the first day of the 
patients’ admission to the hospital. The survival curves were subjected to a log-rank test and 
the generalized Wilcoxon test. 

3.2 Results 

The characteristics and the outcomes of the patients with T1 N0 tumors were evaluated. One 
patient had a recurrent tumor in the ipsilateral neck (rN1) and underwent modified radical 
neck dissection. The other 9 patients with T1 N0 tumors had not encountered any recurrent 
tumors. The characteristics and the outcomes of the patients with T2 N0 tumors were also 
evaluated. One patient had a recurrent tumor in the neck (N3), which was not resectable. 
Although the patient underwent chemoradiation therapy, the neck tumor was not 
controlled by the therapy, and the patient died of the disease 11 months after the first 
treatment. Another patient also had a recurrent neck tumor (rN2a), and she underwent 
radical neck dissection 7 months after the first surgery. Although her neck tumor was 
completely resected and she had no recurrence, she had multiple lung metastases and died 
19 months after the first treatment. However, another patient also had a recurrent neck 
tumor (rN2b), and he underwent radical neck dissection 12 months after the first surgery. 
Although his neck tumor was completely resected and he had no recurrence, he had 
multiple brain metastases and died of the disease 25 months after the first treatment. At 40 
months, as determined by the Kaplan–Meier analysis, the disease-free survival rates of the 
patients with T1 N0 tumors and the patients with T2 N0 tumors were 100% and 60%, 
respectively (Shiga et al., 2007). There were no significant differences in survival rates 
between these 2 groups. 

The depth of invasion of the tumors and their diameters were analyzed according to the 
existence of lymph node metastases. The analysis included all the patients with T1 or T2 
tumors (n = 15 and 15, respectively). The diameters of the tumors ranged from 7 to 38 mm 
(mean, 23 mm) for the tumors without lymph node metastases, whereas they ranged from 
15 to 35 mm (mean, 27 mm) for the tumors with lymph node metastases. There was no 
significant difference in diameter between these two groups. The depths of the tumors 
ranged from 1 to 17 mm (mean, 7.0 mm) for tumors without lymph node metastases, 
whereas they ranged from 4 to 22 mm (mean, 10.3 mm) for tumors with lymph node 
metastases. The shortest depth of tumor invasion that led to lymph node metastasis was 4 
mm, and no lymph node metastases were observed in the patients whose tumors were 
shorter than 4 mm in depth of invasion. There was a significant difference between the 
frequencies of nodal metastasis in the patients with tumors less than 4 mm thick and those 
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of the patients with tumors greater than 4 mm thick (p = 0.013). There was no significant 
difference in the frequencies of lymph node metastasis between the groups according to age, 
sex, or histopathological differentiation of squamous cell carcinoma, except for depth of 
invasion. 

4. 2005 series 
4.1 Patients and methods 

Between July 2005 and June 2010, 75 patients with tongue carcinomas were treated at the 
Tohoku University Hospital. One patient had distant metastasis at the time of first 
admission to the hospital. Table 1 shows the TN classification of the patients with T1 and T2 
tumors at the time of initial treatment. The tumors were defined according to the TNM 
classification by clinical examination, CT scan and/or MRI findings, and 18F-fluorodeoxy 
glucose-positron emission tomography (FDG-PET). There were 16 patients with T1 N0 
tumors (stage I) and 20 patients with T2 N0 tumors (stage II). There were 49 male and 26 
female patients. The mean and median patient ages were 60.3 and 62 years, respectively 
(range, 24-86 years). All of the patients were found to have squamous cell carcinomas by 
histopathological examination. 

 
 N0 N1 N2a N2b N2c N3  

T1 16 1 0 0 0 0 17 

T2 20 6 0 6 1 0 33 

 36 7 0 6 1 0 50 

Table 1. TN classification of the patients with T1 and T2 tongue cancers. 

The treatment strategy was the same as that described previously except for the T2 N0 
tumors. All of the patients who initially had T2 N0 tongue cancer underwent partial 
glossectomy and elective neck dissection. 

The statistical analyses of the data were performed by the chi-square test and the Student t 
test. All the follow-up data were updated at the end of July 2011. The survival curves of the 
patients were calculated using the Kaplan–Meier method based on the first day of the 
patient's admission to the hospital. The survival curves were subjected to a log-rank test and 
the generalized Wilcoxon test. 

4.2 Results 

The characteristics and the outcome of the patients with T2 N0 tumors are summarized in 
Table 2. Four patients (patients 5, 7, 11, and 12) had lymph node metastases, which were 
revealed by the pathological examination results after the initial surgery. Patient 5 died of 
lung cancer 7 months after the surgery. Patient 7 had a local recurrence 4 months after the 
first surgery, and he hoped to receive brachytherapy in another hospital. Patient 16 had local 
recurrence, and resurgery was conducted. However, she died of lung and liver metastases 7 
months after the second surgery. Patient 20 had recurrent neck tumors, but she did not see 
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doctors until the tumor was unresectable. She was provided with the best supportive care. 
The follow-up data of the patients during the period 2021–2005 were updated at the end of 
July 2011, and the disease-free survival curves of the patients were calculated by Kaplan–
Meier analysis. The disease-free survival rates at 60 months of the patients with T2 N0 
tumors during the period of 2001–2005 and those during the period of 2005–2010 were 
71.6% and 86.7%, respectively (Figure 1). There were no significant differences in disease-
free survival rates between these 2 groups. 

 
 Age Gender cTN pTN Differen- Diameter Depth Outcome 

     tiation (mm) (mm)  

1 56 M T2N0  MOD 26 7 NER 

2 55 M T2N0  * * * NER 

3 70 M T2N0  WELL 38 18 NER 

4 33 M T2N0  WELL 27 9 NER 

5 75 M T2N0 T2N2b MOD * 10 7M, DND (lung cancer) 

6 84 M T2N0  WELL 30 8 NER 

7 31 M T2N0 T2N1 WELL 28 11 4M, local rec 

8 68 M T2N0  WELL 35 15 NER 

9 73 F T2N0  WELL 38 11 NER 

10 28 M T2N0  MOD 23 4 NER 

11 75 M T2N0 T2N1 POOR 39 15 NER 

12 62 M T2N0 T2N1 WELL 21 5 NER 

13 59 M T2N0  WELL 25 1 NER 

14 61 M T2N0  WELL 21 6 NER 

15 24 M T2N0  WELL 37 9 NER 

16 58 F T2N0  POOR 23 12 6M, local rec, surgery, 

        
15M,DOD 

(lung & liver meta) 

17 80 M T2N0  WELL 23 6 NER 

18 65 M T2N0  MOD 25 5 NER 

19 42 M T2N0  MOD 26 8 NER 

20 74 F T2N0  WELL 36 15 
18M, DOD 

(regional rec) 

WELL, well differentiated squamous cell carcinoma; MOD, moderately differentiated  squamous cell 
carcinoma; Poor, poorly differentiated squamous cell carcinoma; NER, no evidence of recurrence;  
DND, died not of disease; DOD, died of disease; M, months: rec, recurrence; meta, metastases.  
The asterisk indicates not determined. All patients underwent supraomohyoid neck dissection at 
surgery. 

Table 2. Clinical features of patients with T2N0 tongue cancers. 
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Fig. 1. Disease-free survival curve of the patients with T2 N0 tongue cancers. Open circle, the 
patients treated from 2001 to 2005; closed circle, the patients treated from 2005 to 2010. 

5. Discussion - Management of early-stage oral tongue cancer 
As for our T2 N0 cases between 2001 and 2005, the pathological examination results 
revealed that 3 (43%) of the 7 patients who underwent elective neck dissection (late T2) had 
a lymph node metastasis. On the other hand, 4 (67%) of the 6 patients who did not undergo 
elective neck dissection at the first surgery (early T2) had a recurrence at the neck. In total, 7 
(54%) of the 13 patients who were initially found to have clinical T2 N0 tongue cancers had 
lymph node metastases at the time of initial treatment or afterwards. When the patients with 
T1 N0 and T2 N0 tumors were included, 5 (36%) of the 14 patients who did not undergo 
elective neck dissection at the time of the first surgery (T1 N0 + early T2 N0) had recurrences 
at the neck. This regional recurrence rate was as high as that reported previously 
(Cunningham et al., 1986; Haddadin et al., 1999; Ho et al., 1992; Keski-Santti et al., 2006; 
Yuen et al., 1997). When there was a regional recurrence, salvage therapies, such as neck 
dissection and/or radiation, and chemotherapy were conducted. Three of the 4 patients 
with early T2 cancer who had a regional recurrence died of the disease. The reasons for their 
deaths were uncontrolled regional recurrence, lung metastasis, and brain metastasis. These 
results indicated a poor survival rate of the patients with T2 N0 cancer in our 2001–2005 
series, indicating that elective neck dissection is necessary for a good outcome in patients 
with T2 N0 tongue cancers. At this time, we concluded that elective neck dissection was 
necessary for the patients with clinical T2 N0 tumors because of the unexpectedly high 
incidences of regional lymph node metastases and the very poor prognoses of the patients 
with early T2 tumors. 
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5. Discussion - Management of early-stage oral tongue cancer 
As for our T2 N0 cases between 2001 and 2005, the pathological examination results 
revealed that 3 (43%) of the 7 patients who underwent elective neck dissection (late T2) had 
a lymph node metastasis. On the other hand, 4 (67%) of the 6 patients who did not undergo 
elective neck dissection at the first surgery (early T2) had a recurrence at the neck. In total, 7 
(54%) of the 13 patients who were initially found to have clinical T2 N0 tongue cancers had 
lymph node metastases at the time of initial treatment or afterwards. When the patients with 
T1 N0 and T2 N0 tumors were included, 5 (36%) of the 14 patients who did not undergo 
elective neck dissection at the time of the first surgery (T1 N0 + early T2 N0) had recurrences 
at the neck. This regional recurrence rate was as high as that reported previously 
(Cunningham et al., 1986; Haddadin et al., 1999; Ho et al., 1992; Keski-Santti et al., 2006; 
Yuen et al., 1997). When there was a regional recurrence, salvage therapies, such as neck 
dissection and/or radiation, and chemotherapy were conducted. Three of the 4 patients 
with early T2 cancer who had a regional recurrence died of the disease. The reasons for their 
deaths were uncontrolled regional recurrence, lung metastasis, and brain metastasis. These 
results indicated a poor survival rate of the patients with T2 N0 cancer in our 2001–2005 
series, indicating that elective neck dissection is necessary for a good outcome in patients 
with T2 N0 tongue cancers. At this time, we concluded that elective neck dissection was 
necessary for the patients with clinical T2 N0 tumors because of the unexpectedly high 
incidences of regional lymph node metastases and the very poor prognoses of the patients 
with early T2 tumors. 
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In contrast to the patients with T2 N0 tumors during the period between 2001 and 2005, the 
recurrence of the tumors were observed in only 3 of the 20 patients with clinical T2 N0 
tongue cancers in our 2005–2010 series. Two of them had a local recurrence after the initial 
treatment, and the other patient had a regional recurrence. The pathological examination 
results revealed that 20% (4 of the 20 patients) of the cases initially diagnosed as clinical T2 
N0 tongue cancer had lymph node metastases, and this rate was lower than that of the cases 
in our 2001–2005 series. We assumed that one of the reasons why the frequencies of lymph 
node metastasis found by pathological examination of the surgical specimens were reduced 
was the introduction of the use of FDG-PET in the initial diagnostic examination of the 
patients with tongue cancers. We experienced some cases that were diagnosed as T2 N2c M0 
tongue cancer and treated by surgery, with no lymph node metastasis found in the 
specimens. Although in some cases, overdiagnosis in the patients were obvious, in most of 
the cases, lymph node metastases were detected accurately by FDG-PET imaging. It should 
be revealed that accurate diagnosis is made by several modalities, such as CT scan, MRI, 
ultrasonography, and FDG-PET, by using these modalities effectively. 

We conclude that elective neck dissection is necessary for patients with T2 N0 tumors 
because of the unexpectedly high frequency of regional lymph node metastases of T2 N0 
tumors and the very poor prognoses of patients with early T2 tumors who did not undergo 
elective neck dissection. 

As described in previous studies, the focus was on tumor thickness and depth of invasion as 
histopathological parameters that predict neck metastases of tongue cancers. There have 
been studies well documented in several literatures (Asakage et al 1998; Brown et al 1989; 
Byers et al 1998; Fukano et al 1997; Jones et al 1992; Lim et al 2004; Rasgon et al 1989; 
Sparano et al 2004; Spiro et al., 1986). However, indications for elective neck dissection 
according to tumor thickness or depth of invasion have not been previously reported. 
Perhaps this is because of the clinical difficulty in accurately measuring tumor thickness and 
depth of invasion before the initial treatment. Indeed, as a significant difference was 
observed even in our small number of patients, tumor thickness is a critical indicator of 
cervical lymph node metastasis in patients with T1 or T2 tongue cancers. There were some 
probes engineered using ultrasound sonography to detect tumors in oral cavities (Kodama 
et al., 2010; Yuen et al., 2008). We think these new modalities of ultrasound sonography and 
MRI findings are the powerful tools for detecting tumor thickness or depth of invasion of 
the tumors in the oral cavity. Investigating tumor thickness or depth of invasion before 
surgery, we could appropriately indicate surgery for patients with N0 tongue cancers. If the 
tumor is thick or invasion is deep, we must conduct elective neck dissection for the patients, 
even for those with T1 N0 tongue cancers. 

6. Conclusion 
Elective neck dissection is needed for patients with T2 N0 tongue cancers to reduce the rate 
of recurrence and improve the prognosis of the patients. At the same time, accurate 
diagnosis of the lymph node metastasis of the patients by several modalities including FDG-
PET should be made to reduce the rate of misdiagnosis. Depth of the invasion of the tumor 
is a critical marker for the lymph node metastasis of patients with tongue cancers. 
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1. Introduction 
Oral squamous cell carcinoma (OSCC) is the most common head and neck cancers, and rank 
as one of the top ten cancers worldwide. More worrying is that the incidence of oral cancer 
appears to be increasing in many parts of the world. OSCC is characterized by a high degree 
of local invasiveness and a high rate of metastasis to the cervical lymph nodes. Survival of 
patients with OSCC has not improved in the last 40 years, despite recent advances in 
surgical procedures and the availability of new chemotherapeutic agents. In addition, 
surgical resection results in significant functional and cosmetic defects; therefore, it is 
important to develop conservative therapeutics, whereupon identification of markers 
representing OSCC aggressiveness would be worthwhile to decide the most suitable 
treatment for each patient from therapeutic options. 

Given that the head and neck region is an environment challenged by a large variety of 
insults, including pathogens, foods, and chemicals, the relationship between cancer cells and 
inflammatory stroma might be of particular importance for arising malignancies there. The 
microenvironment plays a critical role in tumor initiation and progression, and may provide 
attractive therapeutic targets. In fact, it affects not only tumor growth, invasion, and 
metastasis, but also drug metabolism and accessibility; hence the role of stromal elements 
has been extensively investigated at a molecular level. Although host-tumor interactions are 
two-way communications between cancer cells and stroma; however, knowledge about the 
cancer cell properties specifically evoked in the microenvironment is still limited. 

In this review, we provide an overview of the literatures regarding “functional biomarkers” 
of OSCCs, introduce our recent discovery of the in vivo-specific maker, and discuss 
significance of these factors in diagnostic and clinical implication.  

2. Cellular biomarkers in OSCC 
Major cellular biomarkers correlated with the clinical outcome of OSCC have been reported, 
which were refined with a focus on the relationship between prognostic or survival 
parameters of OSCC patients and their expression levels, mainly using 
immunohistochemistry (Oliveira & Ribeiro-Silva, 2011). The biomarkers could be classified 
into five groups based on their biological functions: 1) cell cycle progression and 
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proliferation; 2) tumor suppression and apoptosis; 3) hypoxia; 4) angiogenesis; and 5) cell 
adhesion and matrix degradation. 

2.1 Cell cycle progression and proliferation biomarkers 

Several biomarkers belonging to this group have been identified: a family of epidermal 
growth factor receptors (EGFRs); cyclin D1; cyclin B1; Ki-67; proliferating cell nuclear 
antigen (PCNA); and Akt1. The EGFR family includes four members: HER-1 (EGFR, ErbB1), 
HER-2 (neu/ErbB2), HER-3 (ErbB3), and HER-4 (ErbB4). EGFR activation, as its name 
indicates, can augment the malignant potential of epithelial cells (LaCasse et al., 2008), and 
the overexpression correlates with poor prognosis in OSCC patients (Agra et al., 2008; 
Laimer et al., 2007; Silva et al., 2008, 2009). Cyclin proteins are key regulators of cell cycle 
progression. Cyclin D1 amplification is frequently detected as molecular alterations in 
OSCC and other head and neck cancers (Yu et al., 2005). There is a significant association 
between the combined expression of EGFR, cyclin D1, and p53 and an unfavorable overall 
survival in OSCC patients (Shiraki et al., 2005). Cyclin B1 is useful in predicting occult 
cervical lymph-node metastasis in OSCC (Harada et al., 2006). Ki-67 and PCNA are well-
established cell proliferation markers, and Ki-67 expression increases sharply in early OSCC, 
but significantly decreases during disease progression (Derka et al., 2006), while that of 
PCNA was not significantly associated with the survival (Kim et al., 2007; Lim et al., 2005; 
Myoung et al., 2006). Akt plays a pivotal role in cell survival and proliferation. 
Overexpression of Akt is a significant indicator for predicting poor prognosis in OSCC 
patients (Lim et al., 2005). 

2.2 Tumor suppression and apoptosis biomarkers 

Five subsets of biomarkers were identified in this group: p53/p63, p21/p27, Bcl-2 family 
members, the retinoblastoma (Rb) protein, and Survivin. The tumor suppressor p53 is one of 
the most studied biomarkers in OSCC, as well as in other malignancies. The high expression 
of p53 is especially detected at advanced stages of carcinogenesis, and is also associated with 
a poor prognosis (Oliveira et al, 2007a, 2007b, 2008), while the clinical significance of that of 
p63, a p53 homologue, remains controversial (Oliveira et al., 2007a, 2007b; Lo Muzio et al., 
2005a, 2007). Mutation of p53 occurs in 50% of OSCC cases (Ogden et al., 1992, 1996), which 
might be pertinent to consequent overexpression of this molecule. p21waf1/cip1 and p27Kip1 

play an important function in regulating cell cycle progression through the inhibitory action 
on cyclin-dependent kinases. There are controversial findings concerning the clinical 
outcome of p21waf1/cip1-positive OSCCs (Fillies et al., 2007; Nemes et al., 2005), whereas no 
significant association between p27Kip1 expression and OSCC prognosis has been identified 
(Fillies et al., 2007). Bcl-2 family members include both anti- and pro-apoptotic proteins, and 
thereby regulate apoptosis either positively or negatively through their balance (Camisasca 
et al., 2009). The survival rate of patients with Bcl-2-negative and Bax-positive OSCC tumors 
was significantly higher than those with other expression profiles of these molecules (Kato 
et al., 2008; Zhang et al., 2009). The Rb pathway plays a crucial role in regulating cell cycle 
progression. OSCCs lacking Rb indeed display aggressiveness with the poor prognosis (Soni 
et al., 2005). Survivin is an inhibitor of apoptosis and overexpressed in most of OSCCs, 
indicating a potential biomarker of aggressiveness and invasiveness (Lippert et al., 2007; Lo 
Muzio et al., 2005b). 
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2.3 Hypoxia biomarkers 

Four hypoxia-related biomarkers have been reported as putative prognostic parameters: 
hypoxia inducible factor 1 (HIF-1); carbonic anhydrase IX (CA IX); glucose transporter 
1 (GLUT-1); and erythropoietin receptor (EPOR). In hypoxic environments, stabilized 
HIF-1 induces the transactivation of more than 70 genes, including vascular endothelial 
growth factor (VEGF), involved in hypoxia adaptation and/or reversion (Fillies et al., 
2005; Liu et al., 2008). The diffuse overexpression of HIF-1 had been associated with a 
good prognosis in OSCC patients (Fillies et al., 2005), whereas recently the opposite 
evidences have been reported (Lin et al., 2008; Liu et al., 2008). The latter finding might be 
supported by the ability of HIF-1in inducing VEGF and promoting invasive phenotypes. 
Indeed, HIF family members are implicated in epithelial mesenchymal transition (EMT) of 
cancer cells (Yang MH., 2008). CA IX, a member of HIF-1-dependent CA family, is a 
transmembrane glycoprotein involved in pH homeostasis (Sakata et al., 2008). 
Overexpression of CA IX has been shown to significantly associate with recurrence and 
worse survival in OSCC patients (Choi et al., 2008). GLUT is also regulated via the HIF-1 
pathway, mediates cellular glucose uptake, and namely represents as an endogenous 
marker of hypoxia (Kunkel et al., 2007). There is evidence that GLUT-1 is associated with 
aggressiveness in OSCC (Jonathan et al., 2006). Erythropoietin (EPO) is a glycoprotein 
hormone and synthesized in the kidneys in response to hypoxemia, and OSCC has been 
known to express its cognate receptor EPOR (Arcasoy et al., 2005). High expression of 
EPOR can be associated with a significantly worse prognosis in patients with oral tongue 
squamous cell carcinoma (Roh et al., 2009). 

2.4 Angiogenesis biomarkers 

Four angiogenic biomarkers were identified as possible prognostic parameters: VEGF; 
endoglin (CD105); CD34; and Eph receptor tyrosine kinases. VEGF functions mainly as an 
angiogenic cytokine that promotes proliferation, differentiation, and migration of vascular 
endothelial cells. Therefore, it should be ideally discussed in the section of humoral factors, 
but we would like to state here due to the importance of its intracellular transcriptional 
regulation by HIF-1. The patients with VEGF-positive tumors have significantly poor 
survival (Chien et al., 2006; Shao et al., 2008). Despite the established role of VEGF for 
angiogenesis, a recent study showed that an anti-VEGF antibody failed to interrupt the 
connection between OSCC and endothelial cells (Yamada et al., 2011); hence VEGF functions 
in tumor progression, other than angiogenesis, have yet to be determined. CD105, a 
regulatory component of the TGF- receptor complex, can modulate angiogenesis. High 
expression of CD105 in primary OSCC may identify patients at risk of the recurrence with 
worse prognosis (Chuang et al., 2006). In addition, the existence of penetrating vessels 
within tumor nests, endothelial cells of which can be visualized by CD34 staining, was 
significantly associated with risk of cervical lymph node metastasis (Kademani et al., 2009). 
The Eph receptors and their membrane-anchored ephrin ligands can stimulate invasive 
behavior in a tumor through a cell-cell communication system capable of bi-directional 
signaling, thereby promoting a more aggressive and metastatic phenotype (Campbell et al., 
2008; Wimmer-Kleikamp et al., 2005). High expression of EphA2 was associated with a poor 
survival in tongue SCC patients (Shao et al., 2008). 
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Category (section no.)

Status Cellular/clinical characteristics 

 Pathways (section 
no.) 

  Biomarker 
Cellular Biomarker (2)
 Cell cycle promotion and proliferation (2.1)
  EGFR overexpression poor prognosis
   Cyclin D1 amplification unfavorable overall survival 
    Cyclin B1 overexpression in cytoplasm cervical lymph node metastasis 
    Ki-67 increase (early), decrease (late) poor overall survival
    PCNA positive no significant association on survival 
    Akt overexpression poor prognosis
  Tumor suppression and apoptosis (2.2)
  p53 overexpression, mutation poor prognosis
    p63 positive controversial
    p21 overexpression controversial
    p27 overexpression no significant association on survival 
    Bcl-2 negative higher survival
    Bax positive higher survival
    Rb loss malignant conversion, poor prognosis 
    survivin overexpression aggressive and invasive
  Hypoxia (2.3) 
  HIF-1 diffuse overexpression good prognosis or controversial 
    CA IX overexpression recurrence with worse survival 
    GLUT-1 high expression metastasis, worse overall survival 
    EPOR high expression worse prognosis
  Angiogenesis (2.4)
  VEGF positive poor prognosis
    CD105 high expression recurrence with worse prognosis 
    CD34 positive within tumor nests cervical lymph node metastasis 
    Eph A2 high expression poor survival 
  Cell adhesion and matrix degradation (2.5)
  MMP-7,-9, -13, -14 positive poor prognosis
    CD44 irregular cytoplasmic staining poor overall survival
    E-cadherin downregulation EMT, worse prognosis
    N-cadherin upregulation EMT
    - and -catenin positive poor prognosis
    versican overexpression in stroma unfavorable outcome
Humoral Biomarker (3)
 Parathyroid hormone-related protein (3.1)
  PTHrP high expression malignant conversion
 Endothelins and their receptors (3.2)
  Endothelins (ETs) overexpression tumor growth and progression 
    ETAR, ETBR overexpression tumor growth and progression 
  Inflammatory Cytokines and Chemokines (3.3)
  Interleukin (IL)-6 high expression tolerance to immune system 
   IL-8 high expression controversial
   TNF- high expression controversial
   CXCL13 high expression tumor development and progression 
In vivo specific Biomarker (4)
 Receptor activator of NF-B ligand
   RANKL high expression in vivo tumor development and progression 

Table 1. Molecular biomarkers and its correlation with cellular or clinical characteristics. 
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2.5 Cell adhesion and matrix degradation biomarkers 

Five classes of matrix degradation- and cell adhesion-related molecules were identified as 
putative prognostic biomarkers associated with OSCC: matrix metalloproteinases (MMPs), 
CD44, cadherins, catenins, and versican. The MMPs are a family of proteases, highly expressed 
by invasive tumor cells and the adjacent stroma, and essential for ECM degradation (de 
Vicente et al., 2005). Of over 20 known members of MMPs, expression of MMP-7, -9, -13, and -
14 (MT1-MMP) were significantly associated with poor prognosis of OSCC patients (De 
Vicente et al., 2005, 2007; Luukkaa et al., 2006). The CD44 family is widely expressed 
transmembrane glycoproteins that bind to hyaluronic acid, growth factors, and ECM proteins, 
regulating cell migration and adhesion (Georgolios et al., 2006). In contrast to strong 
membranous staining in normal squamous cell epithelium, the irregular cytoplasmic staining 
of CD44 in OSCC has been shown to correlates with poor disease-free and overall survivals 
(Kosunen et al., 2007). Cadherins are a family of transmembrane glycoproteins involved in 
cell-cell adhesion (Munoz-Guerra et al., 2005). In most epithelial cells, the intracellular domain 
of E-cadherin binds to catenins, forming the cadherin-catenin complex involved in the 
intracellular transduction of cell-to-cell contact signals. The reduced expression of E-cadherin, 
frequently concomitant with N-cadherin upregulation, leads to loss of cell-cell adhesion and 
acquisition of the mesenchymal phenotype (i.e. EMT), which plays an important role in tumor 
invasion and dissemination (Lyons et al., 2007). Accordingly, a decrease in the expression of - 
and -catenins can also predict poor prognosis of OSCC (Ueda et al., 2006). Versican is a major 
proteoglycan of the ECMs, and its overexpression was observed in diverse tumors. This 
molecule plays an essential role in tumor growth by repressing cell adhesion, stimulating cell 
proliferation and migration, and regulating angiogenesis (Rahmani et al., 2006). High stromal 
versican expression in OSCC specimens is an independent predictor for an unfavorable 
prognosis (Pukkila et al., 2007). 

3. Humoral biomarkers in OSCC 
Given that the significance of the microenvironment for OSCC initiation and/or promotion 
has been shown, as mentioned above, humoral factors that correlate with clinical features 
would be of particular important. VEGF may serve as a prototype molecule bridging 
between cancer cells and stromal component, namely endothelial cells as described (see 2.4). 
In this section, humoral biomarkers are enumerated irrespective of their source and their 
mode of action, para- or autocrine. 

3.1 Parathyroid hormone-related protein (PTHrP) 

PTHrP was originally identified as a major factor responsible for humoral hypercalcemia in 
malignancies (Burtis et al., 1990), and acts as a stimulator of osteoclastic bone resorption 
(Liao & McCauley, 2006). Therefore, plasma PTHrP level can be a predictor of existence of 
bone metastatic lesions in a wide range of tumors. PTHrP produced by cancer cells 
promotes malignant conversion (increased cell proliferation, survival, adhesion, migration, 
and invasion) of breast, colon, and prostate cancers (Shen et al., 2004), as well as OSCC 
(Nomura et al., 2007). Because OSCC expresses the PTH/PTHrP receptor PTH1R, its 
mechanism of action is in a paracrine or autocrine manner (Yamada et al., 2008). It is 
noteworthy that the expression level of PTHrP is regulated by downstream signaling of 
EGFR, another class of biomarker for malignant potential of OSCC (see 2.1). In addition, a 
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recently developed, rapid screening system identifies PTHrP as one of the validated 
predictors for OSCC (Ziober et al., 2006). 

3.2 Endothelins and their receptors as biomarkers in OSCC 

Hoffmann et al. recently reported novel functional biomarkers in OSCC, endothelin (ET) 
and its receptor, which are overexpressed in OSCC (Hoffmann et al., 2010). ETs comprise a 
family of three small peptides: ET-1, ET-2, and ET-3 (Yanagisawa et al, 1988; Levin, 1995). 
ET-1 is expressed primarily in endothelial cells, and ET-2 is in the kidneys and the intestine, 
whereas ET-3 is found mainly in the brain (Levin, 1995). ETs exert their effects by binding to 
cell-surface receptors, namely ET-A (ETAR) and ET-B (ETBR). Both receptors belong to the G-
protein-coupled receptor super-family (Levin, 1995; Kusserow et al., 2004; Motte et al, 2006; 
Bhalla et al., 2009). ETAR binds ET-1 with 10-times greater affinity than ET-3, whereas ETBR 
binds all three ETs with similar affinity. In general, most ET-1 functions are therefore 
mediated by interaction with ETAR (Guise et al., 2003). 

ET-1, ETAR, and ETBR are overexpressed in OSCC, in which ET-1 acts as a survival factor to 
induce proliferation via ETAR and ETBR (Awano et al., 2006). Schmidt et al. demonstrated a 
significant elevation in the levels of ET-1 in HSC-3 cells (Schmidt et al, 2007), a lineage 
obtained from human OSCC. ETAR activation by ET-1 largely contributes to tumor growth 
and progression through induction of cell proliferation, survival, angiogenesis, and metastatic 
spread, thus indicating that ETAR antagonism might improve cancer treatment (Rosano et al., 
2006; Nelson et al, 2003). ET-1 can also modulate tumor angiogenesis through induction of 
VEGF, which is accounted for by an increase in HIF-1 level by ETAR activation (Bagnato et al, 
2002). Besides their anti-angiogenic effect, ET receptor antagonists can also prevent the 
production of MMPs from macrophages (Grimshaw, 2007). Taken together, it is tempting to 
infer that blocking ET receptors, especially ETAR, might be a useful alternative as an adjuvant 
treatment of OSCC. Nevertheless, whether ET antagonists provide significant clinical benefit 
for patients with OSCC is a vital and controversial issue. In several clinical trials of metastatic 
castration-resistant prostate cancer patients, atrasentan, a competitive inhibitor of ET-1, did not 
improve the primary or secondary endpoint (Carducci, 2007; Nelson, 2008). Similar results 
have been obtained in other studies using a different ET antagonist zibotentan. Therefore, 
results of adequate, long-term clinical trials for OSCC are awaited. 

3.3 Inflammatory cytokines and chemokines 

Given the specific property of the oral cavity that is always challenged by a large variety of 
insults, including pathogens, foods, and chemicals, chronic inflammation and its molecular 
components such as cytokines or chemokines would be particular important for the 
development and progression of OSCC. In fact, several cytokines and chemokines are 
identified as biomarker of OSCC. 

Interleukin (IL)-6 and IL-8 have been implicated as potential biomarkers for OSCC. (St John 
et al., 2004). When these cytokines are expressed together with VEGF, OSCC has been 
shown to acquire resistance in a manner dependent on immune effectors (Teruel et al., 
2008). In addition, the concentration of saliva IL-6 in OSCC patients are significantly higher 
than that of control group, whereas results regarding IL-8 and tumor necrosis factor- are 
controversial (SahebJamee et al., 2008). 
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Chemokines are also implicated in tumor progression and metastasis of OSCC (Krieg & 
Boyman, 2008). More recently, gene expression profiling studies implicated chemokine 
ligand-13 (CXCL13) in OSCC tumor development and progression (Ziober et al., 2006). 
CXCL13 (BCA-1) that binds monogamously to the CXCR5 receptor was originally 
discovered to facilitate B-cell chemotaxis (Legler et al., 1998). CXCL13 can upregulate 
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kinase and nuclear factor of activated T cells (NFAT)-4, implicating CXCL13 as a potential 
biomarker to predict OSCC bone invasion or osteolysis (Yuvaraj et al., 2009). 
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from therapeutic options. These facts have prompted molecular exploration for novel 
markers, and indeed lead to the discovery of manifold biomarkers, as described in the 
previous sections. 
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procedures used, so that such attractive and valuable candidates for biomarker would not be 
abandoned because of the absence of in vitro-experimental evidence, as hypothesized 

4.1 High expression of RANKL in in vivo OSCC but not in cell lines 

We initially probed bone invasion-related factors in OSCC, and indeed reported that PTHrP 
is expressed in OSCC and enhances the malignant potential of OSCC (Yamada et al., 2008). 
We therefore hypothesized that PTHrP induces the expression of RANKL in a manner 
analogous to osteoblasts (Leibbrandt & Penninger, 2008; Mundy, 2002; Roodman, 2004), and 
examined the expression of RANKL mRNA and protein by quantitative RT-PCR and 
immunohistochemistry, respectively, in 20 human OSCC samples, including those in the 
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tongue and the gingiva. In all cases, high expression (from 6 to 123-fold) was observed 
compared to human control gingival fibroblast (Figure 1A), and the expression level of 
RANKL was positively correlated with the histological grading of differentiation and 
invasive histological architecture based on Yamamoto-Kohama classification (Yamamoto et 
al., 1983). In addition, abundant RANKL protein was observed in atypical cancer cells 
diffusely invaded into surrounding tissues. Nevertheless, none of the tested OSCC cell lines 
displayed such abundant RANKL expression as that observed in vivo. In particular, cell lines 
established from poorly differentiated SCC with aggressive invasiveness failed to do so. 
These results raise the possibility that the RANKL expression level in cell lines is repressed 
under culture conditions, and RANKL is a microenvironment-induced cytokine in vivo, of 
which expression is implicated in progression and biological malignancies of OSCC. 

 
Fig. 1. High RANKL expression in vivo. (A) mRNA levels in human OSCC specimens of 
tongue and gingival cancers and OSCC cell lines were evaluated by quantitative PCR. (B) 
Cells of OSCC cell lines were inoculated into nude mice and allowed to form tumor. The 
mRNA level in each sample was determined by quantitative PCR. 

4.2 Environment-dependent expression of RANKL 

To test the aforementioned hypothesis, several OSCC cell lines were inoculated into the 
masseter muscles of mice, one of the most established sites for an oral cancer orthotopic model 
(Cui et al., 2005; Nomura et al., 2007; Suda et al., 1997). As expected, RANKL expression was 
dramatically augmented at both mRNA and protein levels compared to those in cultured cells 
(Figure 1B). Moreover, the higher RANKL expression levels are observed in poorly 
differentiated, invasive SCC, in accordance with our clinicopathological findings. 

To assess the contribution of the oral environment to RANKL expression and subsequent 
tumor formation, HSC-3 cells, a OSCC cell line that formed tumors most efficiently in the 
orthotopic model, were also injected into the muscle of hindlimbs. This region was selected 
in analogy to the orthotopic site (intramuscular), as well as by its anatomical location far 
from the oral cavity. Tumors formed in the hindlimbs were significantly smaller than those 
in the masseter region (Figure 2A and B). In parallel with their tumor weight, RANKL could 
be detected in the masseter region tumors, but not in the hindlimb ones (Figure 2C). Thus, 
RANKL expression requires the orthotopic environment and correlates with tumor 
formation ability. Moreover, masseter region tumors, but not hindlimb ones, displayed the 
histological pattern of poorly differentiated squamous cell carcinoma (Figure 2D). 
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Fig. 2. Environment-dependent expression of RANKL. The OSCC cell line HSC-3 cells were 
injected into the masseter or hindlimb region of the mice. After 28 days, the formed tumors 
were weighted (A) and photographed (B). Expression levels of RANKL mRNA and protein 
in the tumors were analyzed by quantitative RT-PCR and immunoblotting, respectively (C). 
Histology of the tumors are also shown (D). 

4.3 RANKL expression accelerates tumor malignancy  

To further verify the role for RANKL in OSCC tumor formation, we established HSC-3 cell 
lines that stably express RANKL, and injected them into the mouse hindlimbs. RANKL-
expressing cells achieved efficient tumor formation in the hindlimbs, whereas control cells 
failed to form sizable tumors, similar to parental cells as described above (Figure 3A-C). 
These results together demonstrate that RANKL expression, which ordinarily depends on 
the oral environment, possesses the potential of inducing OSCC formation. By HE staining, 
it was revealed that RANKL-expressing, hindlimb-injected tumors exhibited more poorly 
differentiated and invasive characters than control tumors, consistent with the results 
observed in human specimens. 

4.4 RANKL induces epithelial-mesenchymal transition (EMT)  

Immunohistochemical analysis also revealed that E-cadherin was disappeared from the cell-
to-cell contact sites in tumors formed by RANKL-expressing cells, whereas control tumors 
displayed typical E-cadherin pattern (Figure 3D). Moreover, in response to E-cadherin 
disappearance from the plasma membrane, intense staining for N-cadherin was observed in 
the tumor cell cytoplasm in RANKL-expressing tumors. These findings raise the possibility 
that RANKL promotes loss of epithelial character, i.e. evokes EMT, a fundamental process 
during tumor development and progression (Yang J & Weinberg, 2008). 
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Fig. 3. OSCC tumor formation in hindlimb is facilitated by RANKL. Control (Ctrl) and RANKL-
expressing cells (RANKL) were injected into hindlimb muscles and, after 28 days, the tumors 
were weighed (B), and photographed (C). RANKL mRNA in the tumors was examined by RT-
PCR (A). The sections from the control (upper panel) and RANKL-expressing (lower) tumors 
were subjected to immunohistochemistry using an antibody against E-cadherin (D). mRNA 
levels of E-adhetin, N-cadherin, Slug, and ZEB1 were also analyzed by quantitative PCR (E). 

To test whether RANKL-expressing tumors in fact underwent EMT, we evaluated the 
expression levels of E-cadherin, N-cadherin, and several transcription factors implicated in 
EMT (Gotzmann et al., 2004). Indeed, expression of E-cadherin was significantly decreased 
in RANKL-expressing tumor cells. Accordingly, N-cadherin expression was dramatically 
upregulated in tumor tissues expressing RANKL. Therefore, these results confirmed that 
cadherin switching from E-cadherin to N-cadherin occurs in tumors expressing RANKL. Of 
transcription factors implicated in inducing EMT including Slug, Snail, Twist, and ZEB1, 
Slug and ZEB1 were upregulated in RANKL-expressing tumors (Figure 3E). However, we 
could note no differences in their expression in vitro. Moreover, notwithstanding the 
dramatic increment in tumor formation of RANKL-expressing cells in the hindlimbs, there 
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levels of E-adhetin, N-cadherin, Slug, and ZEB1 were also analyzed by quantitative PCR (E). 

To test whether RANKL-expressing tumors in fact underwent EMT, we evaluated the 
expression levels of E-cadherin, N-cadherin, and several transcription factors implicated in 
EMT (Gotzmann et al., 2004). Indeed, expression of E-cadherin was significantly decreased 
in RANKL-expressing tumor cells. Accordingly, N-cadherin expression was dramatically 
upregulated in tumor tissues expressing RANKL. Therefore, these results confirmed that 
cadherin switching from E-cadherin to N-cadherin occurs in tumors expressing RANKL. Of 
transcription factors implicated in inducing EMT including Slug, Snail, Twist, and ZEB1, 
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could note no differences in their expression in vitro. Moreover, notwithstanding the 
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are no significant differences in in vitro proliferation, motility, and invasiveness between 
RANKL-expressing and control cell lines. Thus, RANKL functions, in addition to its 
expression, are also in a manner dependent on in vivo. 

4.5 Significance of RANKL as an in vivo-specific biomarker 

Beyond its cell autonomous function, RANKL possesses ability to promote tumor 
angiogenesis, to our surprise, in a manner independent of VEGF. RANKL-expressing tumors 
were grossly rich in blood vessels, and immunohistochemical analysis using an antibody 
against CD31, a well-established marker for endothelial cells, revealed that RANKL-expressing 
tumors harbor significantly more abundant tumor microvessels than control tumors. 
Interestingly, this angiogenic potency was hampered in the presence of osteoprotegerin (OPG), 
a RANKL decoy receptor that inhibits RANK-RANKL signaling, whereas neutralization of 
VEGF using an anti-VEGF antibody failed to do so. These results together demonstrate that 
RANKL promotes tumor angiogenesis in a manner dependent on its cognate receptor RANK, 
as reported previously (Kim et al., 2002), but independent of VEGF. 

One of the most serious clinical concerns accompanying OSCC is a high potential for local 
invasion, frequently targeting the adjacent bone. To conquer this, radical and surgical 
procedures have been enforced; however, the patients suffering from the deprivation of 
fundamental functions, including mastication and vocalization. Our findings may resolve 
this longstanding issue in OSCC; the recognition of RANKL and its relevant signaling as 
potential targets for conservative therapy will enable us to hamper the tumorigenesis and 
invasion by cutting the connection between OSCC and the tumor microenvironment. 

In addition to the conventional molecular targeted therapy (i.e. small compounds and 
humanized antibodies), RANKL may constitute a better candidate for cancer 
immunotherapy. Several tumor antigens such as cancer-testis antigens provide specific 
targets for cancer cells due to their restricted expression patterns (Maio et al., 2003; 
Nicholaou et al., 2006; Suri, 2006). However, in the case that these molecules are not 
essential for cancer cell survival, the cells can escape the challenge of the immune system by 
reducing the expression of the antigens. Since the expression of RANKL in response to the 
microenvironment is critical for OSCC progression, we strongly propose RANKL-RANK 
signaling as being central to the conservative, multimodal treatment for this disease. 

5. Conclusion 
In summary, we have overviewed biomarkers with a particular focus on ones, functions of 
which are relevant to OSCC development, progression and its malignant potential. As we 
disclose, in vivo “functional biomarkers” such as RANKL would be of particular importance 
for both diagnosis and therapy of this disease. 

The mechanism underlying the microenvironment-specific RANKL expression remains to 
be addressed. Given that the head and neck regions including the oral cavity are always 
challenged by every pathogen, the involvement of inflammatory responses might be 
indispensable for OSCC tumor initiation and progression (Allen et al., 2007; Choi & Myers, 
2008; Ferris & Grandis, 2007; Lin et al., 2002; Pries et al., 2006). In addition, this region is also 
abundant in a range of growth factors that contribute to malignant conversion of OSCC 
through activating diverse cancer-related signaling pathways (Yamada et al., 2008; Nagano 
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& Saya, 2004; Ponta et al., 2003; Todd & Wong, 1999). We thus explored RANKL-inducing 
agents from a wide range of growth factors as well as inflammatory cytokines; however, 
failed to identify it so far. CXCL13 can certainly upregulate RANKL (Yuvaraj et al., 2009), 
albeit less efficiently compared to the upregulation observed in vivo (unpublished result). In 
the future, we believe that through our observations and the unveiling of remaining 
associated issues, the establishment of more rational, potent anti-cancer therapy with 
consideration of the communication between cancer cells and their respective 
microenvironment will eventually be accomplished. 
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1. Introduction 
Oral squamous cell carcinoma (OSCC) is the most common type of oral neoplasm, 
accounting for over 90% of all mouth malignancies and 38% of head and neck tumors. 
Worldwide, OSCC is the eighth most common human cancer, with more than 500,000 new 
cases being diagnosed every year. Surprisingly, the number of annual deaths for this disease 
has practically not changed in the last 30 years (Funk, G.F.; Karnell, L.H., 2002). 

This is because invasive surgical treatments (involving both oral cavity and neck) are still 
the only effective way to treat OSCC; thus detection in early stages could dramatically 
improve cure rates and quality of life by minimizing invasive surgery (Scully, C., 1995). To 
improve diagnosis and prevention, researchers have spent considerable effort to understand 
which genetic and/or environmental changes may be related to this tumor. Although 
environmental risk factors associated with development of oral cancer have been sufficiently 
understood (smoking, alcohol, betel, diet, living habits, etc.),  knowledge of the genetic bases 
in oral carcinogenesis is still a challenging task. OSCC is a result of multiple genes 
alterations, which are modulated by individual predisposing conditions and environmental 
influences. Furthermore, in the last ten years a new category of non-genetic events able to 
modify gene expression has been massively investigated: the so called ‘epigenetic 
phenomena’ (Bird, A., 2007). 

Epigenetic factors are non-genetic phenomena which interfere with genes expression. Such 
modifications pass on successive generations of cells, even if there is no mutation in 
corresponding genes. Epigenetic events are linked with carcinogenesis when one or more 
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oncogenes/tumour suppressors are directly or indirectly affected such that their expression 
and function may be permanently altered (Feinberg, A.P., 2001)  

Cellular aging, risk factors and, as recently discovered, chronic inflammation via mediators, 
such as IL-6, may be potential inducers of epigenetic alterations in oral mucosa cells. It is a 
general belief that these alterations would accumulate in the normal-appearing mucosa 
while carcinogenesis is in progress, or before any tumor lesion is detected. 

Three major types of such epigenetic mechanism are currently known: DNA hyper-
methylation, histone code changes and RNA interference. 

1.1 DNA hyper-methylation 

Methylation is the biochemical addition of a methyl group(-CH3) to a molecule. In cellular 
biology, this refers to methylation of DNA, RNA and proteins. Protein methylation has been 
extensively studied recently and it is an essential post-translational modification that affects 
its function. RNA methylation is less understood and it probably plays a role in message 
stability. DNA methylation is the only normally occurring modification of DNA from 
bacteria to humans, although it plays a different role in eukaryotes and in prokaryotes 
(Baylin, S.B.; Herman, J.G., 2000) 

In mammals, methylation physiologically affects  cytosine bases incorporated into DNA, 
primarily when it is followed by a guanosine (hence it is defined as Cytosine-phospho-
Guanosine or CpG methylation). CpG sites are distributed unevenly in the genome. They 
are rare in 99% of the human genome, and most of these CpG sites are modified by 
methylation. It follows that about 1% of the genome consists of CpG rich areas, typically 
500-2000 base pairs long, and are named CpG islands. About half of all CpG islands 
corresponds to transcription start sites and promoters of expressed genes, while non-
promoter associated CpG islands are less well understood and can be methylated in normal 
tissues. About half of all genes has CpG islands in their promoters. Most promoter-
associated CpG islands are free of methylation, regardless of the expression state of the 
associated gene. Genes that do not have CpG islands in their promoters show different 
patterns of methylation; some rare CpG sites are typically methylated in their transcription 
start areas when the gene is inactive, and un-methylated when the gene is active, but non-
CpG island methylation does not prevent gene expression; it can be reversed quickly upon 
gene activation and may serve primarily to regulate the degree of acute gene activation by 
transcription factors. DNA hyper-methylation in promoter-associated CpG islands is 
considered the same way as proper genetic modification for its ability to influence genes 
expression. A switch from un-methylated to methylated CpG islands was first demonstrated 
on the inactive X-chromosome in women in the rare instances when a cell needs mono-
allelic expression for normal function, and then in about 100 genes that are imprinted 
(Mono-allelic expression based on parental origin). DNA hyper-methylation is now 
regarded as an epigenetic mechanism of gene silencing in mammals. The DNA-
methyltransferase enzymes (DNMT1, DNMT3a and DNMT3b) are essential to establish and 
preserve normal patterns of DNA methylation, and are helped in this function by other 
proteins, such as DNMT3L (Robertson, K.D., 2001). Hyper-methylation role in oral 
carcinogenesis will be treated in the second section of this chapter. 
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1.2 Histone code changes 

In eukaryotic cells, DNA is wrapped around an octameric histone core to form the 
nucleosome, the fundamental subunit of chromatin. Many residues in the histone proteins 
are subject to reversible post-translational modifications, emerging as important epigenetic 
mediators of gene expression changes. There are numerous possible modifications of 
histone tails which regulate genes expression, such as acetylation, methylation, 
ubiquitylation and phosphorylation. Histone methylation, mediated by histone 
methyltransferases (HMTs), can have either positive or negative effects on gene expression. 
Increase in histone acetylation generally correlates with gene activation, and results from the 
dynamic interplay between histone acetyltransferases (HATs) and histone deacetylases 
(HDACs). Furthermore, histone modifications play an important role in chromosome 
structure, and silencing marks are enriched at silenced loci, such as imprinted genes, 
suggesting that they play a role there as well. The ultimate mediators of histone methylation 
associated gene silencing appear to be proteins that bind specific modified histone and 
recruit effector protein complexes. Among these, the ones which seems to play a significant 
role in carcinogenesis belongs to ING protein family. The ING proteins (ING 1-5) are 
involved in cell cycle, apoptosis and senescence. The ING family emerged as putative tumor 
suppressor gene (TSG), and its major mechanism of activity entails the conserved plant 
homeodomain (PHD), which binds to histones in a methylation-sensitive pathway, e.g. 
binding histone H3 tri-methylated on lysine 4 (H3K4me3), suggesting that ING proteins 
may contribute to the maintenance of the epigenetic code. Furthermore, ING family 
members contain nuclear localization signals and N-terminal sequences, which play an 
important role in the interaction with histone acetyltransferase (HAT) and histone 
deacetyltransferase (HDAC). Although ING proteins have the same PHD motif, the 
variation in the N-terminal dictates the differences in the suppressive ability of ING in 
various tumors. ING proteins are involved in transcriptional regulation of genes, such as the 
p53-inducible gene p21. In cancer cells, INGs mRNA levels are often lost or suppressed but 
their genes are rarely mutated; indeed, the inactivation of the normal function is achieved 
through allelic loss of genomic regions containing the ING gene, alteration in the ING 
promoter region, variation of mRNA splicing efficacy or reduced mRNA stability. It is most 
probably a combination of these aberrant mechanisms that resulted in reduced levels of ING 
protein. Furthermore, the mechanism of suppression of ING expression may be related to 
the abnormally high methylation levels of the ING gene promoter, which have been related 
to low transcript levels. Recently, the potential roles of ING proteins as prognostic 
biomarkers, detector of aggressive behavior of tumors as well as predictive factor of chemo-
radiotherapy response, have been hypothesized. Emerging evidence on the function of ING 
and related regulatory mechanisms strongly points to ING as a candidate TSG and therefore 
a potential target in the molecular therapy of some types of cancer (Gunduz, M.; Demircan, 
K., 2009; Gunduz, M.; Gunduz, E.; Rivera, R.S., 2008). Being research on INGs in its early 
stages, this topic will not be treated in this chapter.  

1.3 RNA interference (RNAi) 

In 2006, Andrew Fire and Craig C. Mello shared the Nobel Prize in Physiology or Medicine 
for their work on RNA interference in the nematode worm C. elegans, which they published 
in 1998 (Fire, A.; Xu, S., 1998).  
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RNA interference (RNAi) is a system involved in controlling gene activation in living cells. 
Two types of small RNA molecules – microRNA (miRNA) and small interfering RNA 
(siRNA) – are considered as key mechanisms related to RNA interference. The scientific 
community considers RNA interference the breakthrough biological discovery of the decade 
with the potential to change how diseases are treated.  Being RNAi machinery in every cell 
and any gene  a potential target, any disease caused by or greatly exacerbated by the 
expression of a dominant gene can in principle be treated by RNAi. This means that the list 
of potential indications is long. Diseases that are intractable or poorly responsive to current 
therapy  include cancer, neurodegenerative disease, viral infection, and macular 
degeneration, and these are indeed the most sudied disease models (Dykxhoorn, D.M.; 
Palliser, D., 2006). In this chapter we discuss the possible role of siRNa and miRNA in oral 
cancer. 

- Small interfering RNAs (siRNA), sometimes  referred to as short interfering RNAs or 
silencing RNAs, represent a class of double-stranded RNA molecules, 20-25 
nucleotides in length, that play a notable role  in the RNA interference (RNAi) pathway, 
where it interferes with the expression of a specific gene, but also in RNAi-related 
pathways as well as in antiviral mechanism or in shaping the chromatin structure of a 
genome. siRNAs were first discovered by David Baulcombe's group at the Sainsbury 
Laboratory in Norwich, England, as part of post-transcriptional gene silencing (PTGS) 
in plants. The group published their findings in Science in a paper titled "A species of 
small antisense RNA in post-transcriptional gene silencing in plants"(Hamilton, A.; 
Baulcombe, D., 1999). Shortly thereafter, in 2001, synthetic siRNAs were shown to be 
able to induce RNAi in mammalian cells by Thomas Tuschl, and colleagues in a paper 
published in Nature (Elbashir, S.; Harborth, J., 2001). This discovery led to a surge in 
interest in harnessing siRNA for biomedical research and drug development.  It is 
expected that in some situations turning off or knocking down the activity of a gene 
with an siRNA could produce a therapeutic benefit. However, applying RNAi via 
siRNAs to living animals, especially humans, poses many challenges. Under 
experiments, siRNAs show different effectiveness in different cell types in a manner as 
yet poorly understood. Anyway, the effectiveness of gene silencing achieved with 
siRNA surpasses what has been possible in the past using other small nucleic acids, 
such as antisense oligonucleotides or ribozymes. In a  head-to-head comparison, 
expression of siRNAs knocked down genes fold about 100–1000 times more efficiently 
than antisense oligonucleotides. The high efficiency may be related to the fact that one 
siRNA can be used over and over to guide the cleavage of many mRNAs. The high 
efficiency may also be due to protection of the active component of the siRNA (the 
antisense or guide strand) from digestion by endogenous RNases. Local siRNA 
administration has shown benefit in small animal models involving the lung, vagina, 
subcutaneous tissue, muscle, eye and central nervous system (Dykxhoorn D.M.; 
Palliser, D., 2006). Although siRNA are emerging as targeted cancer therapeutics 
inhibiting tumor-specific proteins or pathways, they have not totally eliminated the 
problem of toxicity. In fact, siRNA therapeutics are hindered by poor intracellular 
uptake, limited blood stability and non-specific immune stimulation. To address these 
problems, ligand-targeted, sterically stabilized nanoparticles have been adapted for 
siRNA. Intravenous administration into tumor-bearing mice gave selective tumor 
uptake, siRNA sequence-specific inhibition of protein expression within the tumor and 
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inhibition of both tumor angiogenesis and growth rate. The results suggest achievement 
of two levels of targeting: tumor tissue selective delivery via the nanoparticle ligand 
and gene pathway selectivity via the siRNA oligonucleotide. This opens the door for 
better targeted therapy with both tissue and gene selectivity. ( Schiffelers, R.M.; Ansari 
A., 2004). Results of phase I studies of the first two therapeutic RNAi trials (indicated 
for age-related macular degeneration, aka AMD), reported at the end of 2005, indicated 
that siRNAs are well tolerated and have suitable pharmacokinetic properties (Tansey, 
B., 2006). Other trials have indicated that Ebola-targeted siRNAs may be effective as 
post-exposure prophylaxis in humans, with 100% of non-human primates surviving a 
lethal dose of Zaire Ebolavirus, the most lethal strain (Geisbert, T.W.; Lee, A.C.H., 2010). 
The emerging siRNAs role in oral carcinogenesis will be treated in the third section of 
this chapter. 

- Micro-RNAs (miRNAs), first identied in Caenorhabditis elegans in 1993, are small 
non-coding RNAs, which play an essential role in modifying genes expression. They are 
composed of 20–22 nucleotides, typically excised from 60–110 nucleotide foldback RNA 
precursor structures (Kim V.N. & Nam, J.W, 2006; Pasquinelli, A.E., Hunter, S., 2005). 
miRNAs seem to be implied in regulation of one third of the genes present in the 
human genome. Hundreds of miRNAs are expressed in eukaryotic cytoplasm, where 
they effect their action by mediation on RNA transcript cleavage and/or regulation of 
translation quote (Bentwich, I.; Avniel, A., 2005; Berezikov, E.; Guryev, V., 2005).  

Since 2000, miRNAs have been investigated en mass and their mechanism of production 
and mode of action have been well characterized. The biogenesis of miRNAs involves a 
complex protein system, including members of the Argonaute family, Polymerase-II-
dependent transcription and the RNase IIIs Drosha and Dicer (Lee, Y.; Ahn, C., 2003; Bartel, 
D.P.,2004). In particular, miRNAs are transcribed by RNA polymerase II or RNA 
polymerase III as a part of an intron of mRNA or as an independent gene unit; then, initially 
transcribed miRNAs, which can be several hundred to thousands of nucleotides long, are 
cleaved into a <100 nucleotide stem-loop structure by a type III RNase, named Drosha 
(Bernstein, E.; Caudy, A.A., 2001).  

These pre-miRNAs are then exported from the nucleus to the cytoplasm by exportin 5 (Kim, 
V.N., 2004), and once there, the pre-miRNAs undergo another round of cleavage by Dicer, 
another type III RNase. The fully cleavage process results in miRNAs approximately 18 to 
24 nucleotides long. These mature miRNAs- which are usually named “miR X”, being x a 
cardinal number - are bound by a protein complex, called RNA-induced silencing complex 
(RISC). This active miRNA-RISC complex binds to target mRNAs based on sequence 
homology between the miRNA and the mRNA. Typically, the miRNA blocks mRNA 
translation and/or leads to mRNA degradation. Because miRNAs bind with imperfect 
complementary to target mRNAs, it is estimated that one miRNA is capable of binding >100 
different mRNAs with different binding efficiencies. The number of human miRNAs is in 
excess of 450, twice as many as initial calculations indicated and more than 1,000 predicted 
miRNA genes  are awaiting experimental confirmation.With about 1,000 miRNAs expected 
to be present in the human genome, it is postulated that ∼30% of all mRNAs are post-
transcriptionally regulated by miRNAs. Hence they are considered to play important roles 
in cell growth, differentiation, apoptosis, stress response, immune response, and glucose 
secretion. It has recently been proved that miRNAs are differentially expressed in cancer 
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cells compared with normal cells, and it seems that miRNAs cluster (changing their number 
in the order of ten to hundreds)can characterize different types of solid and haematopoietic 
tumor cells more accurately than mRNA, suggesting that there is a link between miRNAs 
and cancer and that  miRNAs can be used to detect cancerous/precancerous condition. 
miRNAs located in genomic regions amplified in cancers (such as the miR-17–92 cluster) 
function as oncogenes, whereas miRNAs located in portions of chromosomes deleted in 
cancers (such as the miR-15a–miR-16-1 cluster) function as tumour suppressors (Kent, O.A. 
& Mendell, J.T., 2006; Gregory, R.I. & Shiekhattar, R., 2005). The genomic abnormalities 
found to influence the activity of miRNAs are represented by chromosomal rearrangements, 
genomic amplifications or deletions and mutation and also by epigenetic silencing (Kozaki, 
K.; Imoto, I., 2008). 

Abnormal expression of mature miRNAs or of their precursor have important consequences 
for the expression of various protein-coding genes involved in malignant transformation if 
compared with the corresponding normal tissues, and can be found by various genome-
wide techniques (including different microarray platforms or bead-based flow cytometry) 
(Calin, G. A. et al., 2004). It has been stated that miRNA expression fingerprints correlate 
with clinical and biological characteristics of tumors, including tissue type, tumor origin, 
differentiation, aggression and response to therapy .(Lu, J. et al., 2005). Volinia, S. et al., 
2006). Germline sequence abnormalities were identified in microRNA (miRNA) genes or 
transcripts , and in targeted sequences in messenger RNAs (mRNAs) that interact with 
miRNAs. This fact seems to partially explain familiar predisposition to cancer (He, H. et al., 
2005). Finally, miRNAs should efficaciously affect and improve cancer diagnosis and 
prognosis types. The miRNAs role in oral carcinogenesis will be treated in the third section 
of this chapter. 

2. Gene promoters hyper-methylation 
Hyper-methylation of cytosine base in CpG islands of gene promoters is an epigenetic 
phenomenon able to down regulate the expression of genes. When an oncogene expression 
is influenced, this phenomenon is directly linked with carcinogenesis (Kulkarni, V. & 
Saranath, D., 2004).  

In oral district, many genes are considered to cause OSCC if their methylation status is 
altered. Among the considerably high amount of investigated genes, only the significant 
ones in oral cancer will be considered. 

2.1 Inhibitors of canonical WNT-pathway 

WNT proteins are a large family of secreted glycoproteins activating at least three signalling 
pathways: the canonical WNT-pathway or WNT-ß-catenin, the non-canonical WNT 
pathway or planar cell polarity (PCP) and WNT-Ca2+ pathway (Cadigan, K.M. & Nusse, R., 
1997).  

The canonical pathway operates by stabilizing ß-catenin. The stabilization of ß-catenin in the 
canonical pathway translates a WNT signal into the transient transcription of T-cell 
factor/lymphocyte enhancer factor (TCF/LEF) family of transcription factors to stimulate 
the expression of target genes; the process results in initiating cellular proliferation. The 
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main receptor of secreted WNT proteins at plasma-membrane is the protein Frizzled (Fz), 
but other Fz co-receptors are required for proper WNT signalling, such as low-density 
lipoprotein receptor-related proteins (LRP-5 or LRP-6). WNT-inhibitors may be classified 
into two types: a) the ones that interfere with WNT activity by binding to LRP-5and LRP-6, 
including Dickkopf (DKK)proteins, and b) the ones that interact directly with WNT 
proteins, including secreted Frizzled related proteins (SFRPs) and WNT inhibitory factor -1 
(WIF-1). DKK proteins interact with the co-receptors LRP-5/6 and inhibit signalling by 
disrupting the binding of LRP-6 to the WNT/Fz ligand-receptor complex (Aguilera, O.; 
Muñoz, A., 2007).  

SFRPs, a family of highly conserved glycoproteins, share structural similarities with the 
Frizzled receptor family of proteins and antagonize the WNT pathway at the level of 
receptor-ligand binding (Bovolenta, P.; Rodriguez, J., 2006; Rattner, A.; Hsieh, J.C., 1997). 
Thus, they play a crucial role in cell proliferation and differentiation, epithelial-
mesenchymal communication and embryogenesis (Bafico, A.; Gazit, A., 1999).  

WIF-1 is a secreted inhibitor of WNT signalling and its expression results in cell growth 
inhibition via G1 (Tang, Y.; Simoneau, A.R., 2009). Mechanisms of WIF-1-induced G1 arrest 
include (a) SKP2(SKP2 gene contains two TCF/LEF-1 consensus binding sites within the 
promoter) down-regulation leading to p27/Kip-1 accumulation and (b) c-myc down-
regulation releasingp21/WAF-1 transcription. Chronic activation of WNT can be caused by 
loss of WNT inhibitors through epigenetic silencing. Although disregulation of the WNT-ß-
catenin pathway is a frequent event in several human cancers (Clevers, H., 2006; Giles, R.H.; 
van Es, J.H., 2003), its potential implications in oral cancer has been investigated in only a 
few works. SFRP1 promoter is hypermethylated in 24% cases of OSCC according to Sogabe 
et al. (Sogabe, Y.; Suzuki, H., 2008), while Pannone et al. found it was statistically significant 
less methylated in OSCC than in healthy mucosa; according to Pannone et al., other genes as 
SFRP2, 4, 5, WIF1 and DKK2 are statistically significant hyper-methylated in OSCC if 
compared to healthy mucosa (Pannone, G.; Bufo, P., 2010). Sogabe et al. (Sogabe, Y.; Suzuki, 
H., 2008) also found that SFRP2 and 5 were hyper-methylated in 36% and 16% of tumoral 
cases respectively. 

2.2 Tumor-suppressor genes 

A tumor suppressor gene is a gene encoding for a protein which functions include avoiding 
atypical transformation of cell population, preventing cancer development, protecting a cell 
from the inauspicious path to cancer. Mechanisms by which a tumor suppressor protein 
effects its function can be very different: controlling cell cycle genes - including oncogenes -, 
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atypia, allowing cell adhesion to prevent tumor cells dissociation.  Inactivation of several 
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promoter regions. E-cadherin, p16, p15, hMLH1, MGMT and many others are well-known 
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E-cadherin, a member of the cadherin superfamily, is a calcium-dependent homotypic 
epithelial cell–cell adhesion glycoprotein (Figure 1). E-cadherin is located on the surface of 
normal epithelial cells and decrease of E-cadherin expression has been found in cancers. It 



 
Oral Cancer 

 

304 

has been postulated that the loss of this protein, facilitates tumor cell dissociation and 
metastasis. Diminished E-cadherin expression has been documented in association with the 
acquisition of invasiveness in vitro and poor prognosis in many carcinomas. E-cadherin 
promoter hyper-methylation, in oral squamous cell carcinomas, is one of the most 
investigated phenomenon (Chen, Q.; Lipkina, G., 2004). In OSCC epigenetic hyper-
methylation occurs in 35-85% cases; only in very rare cases the difference of E-cadherin 
promoter hyper-methylation between carcinoma and healthy mucosa is not statistically 
significant. Supic et al. found that hyper-methylated E-cadherin OSCC patients had a worse 
survival (p= 0,039), and according to Chang et al. recurrent OSCCs compared to primary 
tumors are  more hyper-methylated and the difference is statistically significant (Chang, 
H.W.; Chow, V.; 2002).  

Yet, it has been found by de Moraes et al. and Yeh et al. that promoter hyper-methylation is 
not related to E-cadherin expression (according to de Moraes et al. in some cases this ratio 
may be even inverse) (de Moraes, R.V.; Oliveira, D.T., 2008; Yeh, K.T.; Shih, M.C., 2002). 

 
 

 
Fig. 1. Immunohistochemical expression of E-cadherin in oral cancer. (LSAB-HRP-, 
nuclear counterstaining with haematoxylin, original magnification x1 00). In this 
representative case of moderately differentiated oral cancer, superficial neoplastic cells keep 
membranous protein expression. In the deeply infiltrating neoplastic cells E-cadherin lose 
membranous staining and assume cytoplasmic positivities. 
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p16 is a cycline-dependent kinase (CDKN2A) inhibitor involved in regulation of the cell 
cycle by cyclin D–Rb pathway, which control is virtually lost in all tumors. This tumor 
suppressor protein is one of the INK4 class members of cell-cycle inhibitors. The expression 
of p16 retains Rb-family proteins in a hypo-phosphorylated state, which promotes the 
binding of E2F to achieve G1 cell-cycle arrest. In OSCC, p16 promoter is hyper-methylated 
in 23-86,8% cases (Huang, M.J.; Yeh, K.T., 2002; Liu, H.W.; Hu, B.Q., 2005; Merlo, A.; 
Herman, J.G., 1995). Moreover, Hall et al. found that 57% of pre-malignant lesions with 
hyper-methylated p16 underwent malignant transformation, while non-p16-
hypermethylated pre-malignant lesions evolved into cancer in 1% cases (Hall, G.L.; Shaw, 
R.J., 2008) . 

When a difference between metastatic-non metastatic OSCC was investigated, p16 promoter 
was more hyper-methylated in metastatic OSCCs than in non-metastatic ones and the 
difference wsa statistically significant. Dong et al. found an high correlation between 
promoter hyper-methylation and un-expression of p16 (Dong, Y.Y.; Wang, J., 2006). 

Adjacent to p16 gene lies the p15 gene, also called CDKN2B gene. Takeshima et al. reported 
that its promoter is never methylated in healthy epithelial cells, while it shows a certain 
degree of hyper-methylation in OSCC (Takeshima, M.; Saitoh, M., 2008), also confirmed by 
Viswanathan et al. (Viswanathan, M.; Tsuchida, N., 2003).  

DNA mismatch repair (MMR) is a system for recognizing and repairing mistakes, arisen 
during DNA replication and recombination, as well as repairing some forms of DNA 
damage. It is apparent how bad function/low expression of proteins involved in these 
mechanisms is strictly related to cancer. Among all the genes involved in this system, 
hMLH1 and hMSH2 promoter hyper-methylation have been investigated to understand 
their potential role in oral carcinogenesis (González-Ramírez, I.; Ramírez-Amador, V., 2010). 
hMLH1, the human homolog of bacterial Mut L, is involved in mismatch repair (Veigl, M.L.; 
Kasturi, L., 1998). hMLH1 promoter is hyper-methylated in 0-76% oral squamous cell 
carcinoma cases. When protein expression was investigated, it was found unexpressed in 
32-36% only among hyper-methylated cases. Czerniski et al. reported that in their 
experience 100% of patients with multiple oral malignancies showed hyper-methylation in 
hMLH1 or hMSH2 compared with 31.5% of single tumor patients, although often hyper-
methylated cells expressed these 2 proteins anyway. They concluded that hMLH1 and 
hMSH2 might be related with predisposition to develop multiple oral malignancies 
(Czerninski, R.; Krichevsky, S., 2009).  

DAPK Death-associated protein kinase (DAPK) is a calmodulin-regulated serine/threonine 
kinase and possesses apoptotic and tumor-suppressive functions. Although it is unclear 
whether DAPK elicits apoptosis-independent activity to suppress tumor progression, it has 
been hypothesized that it may affect its apoptotic function to suppress tumor progression by 
regulating cell polarity during migration. Supic et al. reported that DAPK promoter 
methylation  is higher in OSCC mucosa than in healthy control in a statistically significant 
way, and that its presence on surgical margins is an independent prognostic factor for 
overall survival (Supić, G.; Kozomara, R., 2009). Promoter hyper-methylation of DAPK gene 
detected in surgical margins may be a useful molecular marker to explain the poor survival  
of some OSCC patients. 
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MGM is the gene involved in repairing methylated guanosine residues due to alkylated 
carcinogens. Alkylating agents are known to be carcinogenic because of the formation of O6-
alkylguanine from alkylation of the O6 position of DNA and they are responsible for 
malignant transformation and mutations. O6-methylguanine-DNAmethyltransferase 
(MGMT) plays a role in the mechanism of resistance to alkylating agents by repairing O6-
alkylguanineby, removing the alkyl group and restoring guanine (Rosas, S.L.; Koch, W., 
2001). Aberrant promoter hyper-methylation of MGMT in OSCC has been found in 12,2-
73,7% cases and widely considered related to oral carcinogenesis (Kato, K.; Hara, A., 2006; 
Kordi-Tamandani, D.M.; Moazeni-Roodi, A.K., 2010; Taioli, E.;Ragin, C., 2009). 

 

 

 
Fig. 2. Promoter methylation status of MGMT in OSCC. 
In our study MGMT represents a frequently un-methylated gene. M, Methylated DNA; U, 
un-methylated DNA. Methylation specific (MSP) PCR technique, performed on formalin-
fixed, paraffin-embedded tumor and control samples. 
To test the integrity of isolated DNA the wide housekeeping haemoglobin gene was 
amplified by PCR and visualized by gel electrophoresis for both control and pathological 
samples. The DNA quantity was evaluated by a Nano Drop Spectrophotometer (CELBIO). 
Sodium bisulfite modification of 100μg DNA for each sample was also performed. All 
methylation-specific PCRs were optimized to detect >5% methylated substrate in each 
sample. Each experiment was performed in triplicate. 
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RUNX3 (Runt-related transcription factor 3) is a protein member of the runt domain-
containing family of transcription factors. This protein interacts with a high amount of 
enhancers and promoters, either activating or suppressing transcription, and with other 
transcription factors. It functions as a tumor suppressor, and, in some cancers, the gene is 
frequently deleted or transcriptionally silenced. Gao et al. reported that RUNX3 gene and 
protein were under-expressed in OSCCs due to promoter hyper-methylation, with frequent 
protein delocalization. The study showed how both down-regulation of protein expression 
and protein mislocalization were correlated with the differentiation grades in OSCCs. They 
consider RUNX3 a useful diagnostic marker and a potential therapeutic target for OSCC, 
playing an important role in oral carcinogenesis (Gao, F.; Huang, C., 2009). On the other 
hand, de Freitas Cordeiro-Silva et al. reported a not-statistically-significant hyper-
methylation of RUNX3 gene in oral neoplastic mucosa (de Freitas Cordeiro-Silva, M.; 
Oliveira, Z.F., 2011). 

Other tumor suppressor genes that have been found significantly hyper-methyated in oral 
cancer are: Deleted in Colon Cancer (DCC, encoding a transmembrane protein with 
structural similarity to neural cell adhesion molecule), Ras association domain-containing 
protein 1(RASSF1, a protein similar to RAS effector protein) (Tran, T.N.; Liu, Y., 2005), 
Kinesin-like protein 1A (KIF1A, a member of kinesines superfamily), Nidogen-2 and 
Homeobox protein Hox-A9 (NID2 and HOXA9, involved in cellular differentiation and 
apoptosis) (Guerrero-Preston, R.; Soudry, E., 2011), Endothelin receptor type B (EDNRB, a 
member of endothelin receptors family).  

2.3 Retinoids 

Retinoids, analogues of retinol (vitamin A) have been widely tried in the prevention of oral 
squamous cell cancer, and as a cure for its precancerous lesions. In pre-clinical studies, 
retinoids have been shown to suppress carcinogenesis in a variety of epithelial tissues, 
including skin, oral mucosa, trachea, prostate, lung, bladder and mammary glands (Shao, Z.; 
Shen, Z., 1995; Lotan, Y.; Xu, X.C., 2000; Xu, X.C.; Sozzi, G., 1997).  Many of the effects of 
retinoids result from modulation of gene expression by at least 2 distinct classes of nuclear 
receptor: retinoic acid receptors (RAR-a, b and g) and retinoid X receptors (RXR-a, b and g), 
belonging to the steroid/thyroid hormone superfamily, even if the mechanisms underlying 
these clinically significant anti-carcinogenic activities are not completely understood. 
Defects in retinoid receptor structure, expression and function have been detected in various 
types of cancer cell in vitro and in vivo (Gebert, J.F.; Moghal, N., 1991; Geisen, C.; Denk, C., 
1997).  

These defects may enhance cancer development by interfering with retinoid signaling, 
thereby abrogating the putative physiological anti-carcinogenic effects of natural retinoids 
(Lotan, R., 1996).  Reduction in RARb mRNA has been observed in several malignant 
tumors (Caliaro, M.J.; Marmouget, C., 1994; Rochaix, P.; Monteil-Onteniente, S., 1998) and in 
oral malignant-premalignant lesions (Chakravarti, N.; Mathur, M., 2001; Xu, X.C.; Ro, J.Y., 
1994). Rar-beta 2 promoter hyper-methylation was investigated by Youssef et al. and found 
in 66% of OSCC cases (p=0,002 if compared to healthy mucosa) (Youssef, E.M.; Lotan, D., 
2004).  
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Fig. 3. Promoter methylation status of RAR-beta in OSCC. 
A representative case of OSCC with methylated promoter of RAR-beta. M, Methylated 
DNA; U, un-methylated DNA. Methylation specific (MSP) PCR technique, performed on 
formalin-fixed, paraffin-embedded tumor and control samples.  
To test the integrity of isolated DNA the wide housekeeping haemoglobin gene was 
amplified by PCR and visualized by gel electrophoresis for both control and pathological 
samples. The DNA quantity was evaluated by a Nano Drop Spectrophotometer (CELBIO). 
Sodium bisulfite modification of 100μg DNA for each sample was also performed. All 
methylation-specific PCRs were optimized to detect >5% methylated substrate in each 
sample. Each experiment was performed in triplicate. In our study RAR-beta represents a 
frequently un-methylated gene in cancer. In this figure we reported a representative OSCC 
with methylated promoter of RAR-beta. 

Finally, it seems appropriate to conclude this section by reporting synthetically our 
experimental data. In our laboratory we have analysed, in a series of primary OSCCs with 
matched normal oral mucosa, the methylation status of a panel of genes, including some of 
the above mentioned ones and in particular: hMLH1, MGMT, and RAR-beta-2, in order to 
define an epigenetic fingerprint of the oral cancer (unpublished data). This study would 
integrate our first results, obtained in a previous published work on methylation status of 
WNT pathway inhibitors in oral cancer (Pannone, G., et al., 2010). Thirty-seven cases of 
formalin-fixed, paraffin-embedded OSCC with relative controls of normal oral epithelium 
were analysed by methylation specific PCR (MSP). Also in this work we have observed 
different frequencies of gene methylation (Table 1). Characteristically, and in addition to the 
literature reported data, we have noted that also the healthy oral mucosa shows a 
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methylated background. In our study population the most frequently methylated gene in 
cancer was represented by hMLH1(53%), although higher levels of methylation were found 
in control oral mucosa. RAR-beta-2 (Figure 3) and MGMT (Figure 2) promoter hyper-
methylation was found in both cases only in 13.5% of OSCCs, but more frequently in 
healthy oral mucosa (respectively, 28.5% and 23% of studied cases). Therefore, for all genes, 
logistic multiple regression was performed, in order to verify the association between 
methylation status of gene promoter (covariates) and presence of cancer (response variable). 
The Wald test confirmed the statistical significance for RAR-beta-2 (p=0.044; CI at 95%). 

Similarly to other reviewed and here commented works, this study highlights the 
importance of epigenetic silencing, showing that a panel of genes may be useful in clinical 
practice separating normal oral epithelia from the cancerous ones if their DNAs were 
analysed by methylation specific PCR technique.  

All these results not only shed light on a molecular mechanism contributing to OSCC 
tumorigenesis, but also suggest that employing of an epigenetic fingerprint, together with 
the classical histo-pathological parameters, may improve the current diagnostic tools, but 
also contribute indirectly to therapeutics as predictor of choice for the correct clinical 
management of oral neoplastic and pre-neoplastic lesions. 

 

Variables 

Methylation 
frequency 
in OSCC 
(n.37) 

Methylation 
frequency 
in oral mucosa 
(n.20) 

hMLH1 56% 61% 
MGMT 13.5% 23% 
RAR-b 13.5% 28.5% 

Table 1. Methylation frequencies in our representative series of OSCCs. 
Table summarizes data referring to our MSP analysis in oral cancer. 

3. RNA interference (siRNA and miRNA) 
Cancer is a multi-factorial disease that requires inactivation of tumour-suppressor genes and 
activation of proto-oncogenes. DNA sequences of these genes are transcribed to mRNA, 
which is nally translated into functionally aberrant proteins. This may depend on genetic 
and non-genetic changes, eventually induced by external factor risks. In this frame, RNA is 
not a ‘passive intermediate product’ between DNA and proteins. The expression of genes is 
also dependent on RNA-based mechanisms, including nonsense-mediated decay, 
alternative splicing, RNA editing, and in particular siRNA and micro-RNAs (miRNAs).  

3.1 siRNA 

Therapeutic use of some siRNAs has been tested in oral cancer both in vivo and in vitro. 
Some studies correlate siRNA trasfection with OSCC pathogenesis and other features like 
metastasis, vascular invasion, angiogenesis and cell proliferation. Muramatsu T and Saitoh 
M (Muramatsu, T.; Saitoh, M., 2008) have studied the expression of syndecan-1 in some oral 
cancer cell lines (HSC2, HSC3, HSC4, Ca9-22, SAS, KB and BSC-OF) and tested whether 



 
Oral Cancer 

 

310 

transfection of an siRNA against human syndecan-1 affected the malignant potential of 
these cells. Syndecan-1 is a prognostic factor in various types of tumors, suggesting its 
correlation with malignancy and metastasis. Quantitative real-time RT-PCR (QRT-PCR) was 
carried out and showed that syndecan-1 was expressed in Ca9-22 cells and that it was 
significantly higher (> 10-fold) than in the other oral cancer cell lines. Transfection of 
syndecan-1 siRNA was carried out on Ca9-22 cells, which increased their growth rate and 
their invasive ability.   

Nadarajah Vigneswaran and Jean Wu have utilized small interference RNAs (siRNA) to 
silence cystatin M gene expression in a metastatic oral cancer cell line (MDA-686Ln) 
expressing high levels of cystatin M, a well known inhibitor of lysosomal cysteine 
proteinases. By quantitative real-time RT-PCR and Western blotting  authors showed that 
siRNAs were effective in suppressing cystatin M expression by > 50% at both mRNA and 
protein levels Cystatin M inhibition significantly increased the enzymatic activities of some 
lysosomal enzymes both in the media and intracellularly. MDA-686Ln cells treated with 
siRNA also demonstrated markedly increased proliferation rate, in vitro motility and 
invasiveness. (Vigneswaran, N.; Wu, J., 2006).  

Reduced expression of p27 is frequently observed in various cancers including oral 
squamous cell carcinoma and is due to an enhancement of its ubiquitination, by S phase 
kinase–interacting protein 2 (Skp2), an F box protein. Overexpression of Skp2 was 
frequently found in oral squamous cell carcinoma and inversely correlated with p27 
expression. Yasusei Kudo and Shojiro Kitajima investigated if small interfering RNA 
(siRNA)-mediated gene silencing of Skp2 can be employed in order to inhibit p27 down-
regulation in oral squamous cell carcinoma. They proved that Skp2 siRNA transfection 
decreased Skp2 protein and induced the accumulation of p27 protein in oral squamous cell 
carcinoma cells, interestingly with an important inhibition of the neoplastic cell proliferation 
both in vitro and in vivo. These findings suggest that siRNA-mediated gene silencing of Skp2 
can be a novel modality of cancer gene therapy for suppression of p27 down-regulation 
(Yasusei Kudo;  Shojiro Kitajima, 2005). 

Human telomerase RNA (hTR) and human telomerase reverse transcriptase (hTERT) are 
considered effective molecular targets for current anticancer therapy. Y Li and M Li 
investigated the therapeutic effects of targeting and reducing Human telomerase ( hTR) and 
human telomerase reverse transcriptase (hTERT) individually or in combination by 
recombinant adenovirus-delivered small interfering RNA (siRNA) in oral squamous cell 
carcinoma (OSCC) Tca8113. The levels of hTR mRNA, hTERT mRNA, hTERT protein and 
telomerase activity in Tca8113 cells human were heavily reduced, demonstrating that the 
siRNA-expressing recombinant adenoviruses were an effective anticancer tool for treatment 
of OSCC.. Furthermore, the mechanism of this anticancer effect in OSCC was not only 
related to the inhibition of cell proliferation and the induction of cell apoptosis, but might 
also involve the inhibition of tumor angiogenesis of solely targeting hTR was more direct 
and efficient, compared with the effect of targeting hTR and hTERT in combination, or 
hTERT exclusively (Li,Y.;, Li, M., 2011). 

Finally, ongoing experimental studies are proving the attractiveness and the efficacy of 
siRNAs as a modern and innovative genetic engineering method. 
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3.2 miRNA 

miRNAs based mechanisms of gene expression regulation could constitute one or more 
epigenetic steps involved in cancer development (Lu, J.; Getz, G.; 2005). The expression 
pattern of miRNAs are usually altered in many cancers and appear to be tumor and tissue 
specic. Several variations of miRNA expression have been identied in oral squamous cell 
carcinoma tissues/cell lines, and even their plasmatic/salivary levels, when compared to 
the corresponding normal controls (Gomes, C.C.; Gomez, R.S., 2008).  

On these bases, therapeutic use of some miRNAs has been tested in vitro. In addition, there 
are some proling studies that correlate miRNA expression proles with OSCC 
pathogenesis and other features like metastasis, chemo-resistance, prognosis, vascular 
invasion, alcohol, HPV positivity (Jiang, J.; Lee, E.J., 2005).  

3.2.1 Alteration in intracellular, plasmatic, salivary levels 

miRNA function  regulating  gene expression by binding mRNAs and causing  degradation 
of the transcription product or blocking its translation. Therefore, if this process affects 
tumor suppressor genes o proto-oncogenes, miRNAs may have a key role in carcinogenesis 
and, potentially, in cancer therapy. 

Indeed, in the last ten years the biggest research effort has been put to find out if there were 
a significant change in miRNA quantity in OSCC tissues, so that we could have used 
miRNAs as hallmark for early diagnosis; for the same reason, significant changes of 
miRNAs quantity in OSCC patients have been investigated in serum and saliva. Of the 
approximately 100 miRNAs identified in OSCC cells, researchers have discovered alteration 
of cytoplasmic levels only  in a small amount, and, among these, in a few cases the meaning 
of this change is known. Most of the  investigated miRNAs show an increase in OSCC cells: 
miR 21, 24, 31, 155, 181, 184, 211, 345, 375 (Chang, K.W.; Liu, C.J., 2008) 

Among these, high level of miR 21, by down-regulating TPM1, PTEN and PDC4, seems to 
be related to high tumor invasion and poor prognosis (Li, J.; Huang, H., 2009; Reis, P.P.; 
Tomenson, M., 2010).  
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influencing K-RAS expression (Liu, X; Wang, A., 2010; Lin, S.C.; Liu, C.J., 2010; Shin, K.H.; 
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hand, miRNAs  let-7b, 26, 100, 107, 124, 125, 133, 138, 139, 200, 375 decrease in cancer. 
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in increased cell proliferation (Jakymiw, A.; Patel, R.S., 2010).  
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3.2.2 Precancerous lesions and risk factors 
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progression of lesions. In a very few cases, we know biomolecular basis of this phenomenon.  
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Cerivigne et al. quantified miR expression changes in leukoplakia and same-site OSCC in 43 
sequential progressive samples from 12 patients and four non-progressive leukoplakias 
from four different patients, and identified a miR signature associated with progression 
(Cerivigne, N.K.; Reis, P.P., 2009),  

These findings were also validated using quantitative RT-PCR in an independent cohort of 
52 progressive dysplasias and OSCCs, and five non-progressive dysplasias. The result of the 
study was that global miR expression profiles distinguished progressive leukoplakia/OSCC 
from non-progressive leukoplakias/normal tissues. miR-21, miR-181b and miR-345 
expressions were consistently increased and associated with increases in lesion severity 
during progression. They concluded that over-expression of miR-21, miR-181b and miR-345 
could play a role in malignant transformation.  

Lajer et al. characterized the expression of miRNAs in clinically sampled oral and pharyngeal 
squamous cell carcinoma (OSCC and PSCC) to describe the influence of HPV, analyzing 51 
patients with OSCC/PSCC and 40 control patients with microarray method. HPV positive 
OSCC patients revealed perturbations of 21 miRNAs, most significantly miR-127-3p and 
miR363. They concluded that the influence of HPV on miRNA could help understanding the 
distinct clinical behavior of HPV-infected tumors (Lajer, C.B.; Nielsen, F.C., 2011). 

Wald A.I et al. stated that miRNAs differentially expressed in the presence of HPV-16 might 
provide biomarkers for SCCHN (Squamous cell carcinoma of head and Neck) and identify 
cellular pathways targeted by the virus (Wald, A.I.; Hoskins, E.E., 2010). Some Authors 
showed that the miRNAs miR-363, miR-33, and miR-497 were up-regulated, whereas miR-
155, miR-181a, miR-181b, miR-29a, miR-218, miR-222, miR-221, and miR-142-5p were down-
regulated in HPV-positive cells compared to both HPV-negative SCCHN and normal oral 
keratinocytes (Liu, X.; Yu, J., 2009).  

Moreover, HPV-16 E6 oncogene altered miRNA expression in human foreskin keratinocytes 
(HFKs) and in an HPV-16-positive cell line with E6 knockdown using siRNA.  

Finally, Avissar et al. reported that, in oral and pharyngeal squamous cell carcinoma 
patients, expression of miR-375 has been shown to increase with alcohol consumption. This 
shows further damage caused by alcohol, in addition to the many ones already known 
(Avissar, M.; McClean, M.D., 2009).  

3.2.3 New expectations of treatment 

Due to their capacity to regulate gene expression, miRNAs may contribute to improve 
treatment by both representing a new chemotherapy drug both helping to understand 
mechanisms of resistance to already existing chemotherapy drugs or radiotherapy (Wu, 
B.H.; Xiong, X.P., 2011). 

Researches on therapeutic use of miRNAs are in vitro studies of inhibition of OSCC cell 
growth after regulating one or more miRNAs expression. Wong et al. report that inhibition 
of miR-184 could reduce cell proliferation rate and/or induce apoptosis in tongue SCC cell 
lines, by down-regulation of c-Myc (Wong, T.S.; Ho, W.K., 2009; Wong, T.S.; Liu, X.B., 2008). 
Henson et al. found that transfecting cells with exogenous miR-125b and miR-100, which are 
down-regulated in OSCC tumors and cell lines, significantly reduced cell proliferation and 
modified the expression of target and non-target genes, including some genes that are over-
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expressed in radio-resistant OSCC cells. They concluded that the down-regulation of miR-
125b and miR-100 in OSCC could play a role in the development and/or progression of 
disease and may contribute to the loss of sensitivity to ionizing radiation (Henson, B.J.; 
Bhattacharjee, S., 2009). 

Finally, miRNAs may play a role in resistance to cisplatinum chemotherapy (Yu, Z.W.; 
Zhong, L.P., 2010). Yu et al. demonstrated that inducing let-7a miRNA proliferation in head 
and neck cancer cell lines could significantly inhibit the stemness signature and the chemo-
resistant abilities (Yu, C.C.; Chen, Y.W., 2010).  

The development of modified miRNA molecules with longer in vivo half lives and efficiency, 
such as the locked nucleic acid (LNA)-modified oligonucleotides, the anti-miRNA oligo 
nucleotides (AMOs) and the ‘antagomirs’ is the first step towards bringing these 
fundamental research advances into medical practice (Orom, U.A., Kauppinen, S., 2006;  
Weiler, J., Hunziker, J., 2005). Upcoming in vivo experiments of miRNA transgenics and 
knockouts will offer valuable information about safety and efficacy. 

4. Meaning of epigenetic and future perspectives  
With an annual incidence worldwide of over 500 000 cases, oral squamous cell carcinoma is 
the eighth most common malignancy today. This epithelial cancer is characterized by the 
poor outcome, with the surgical margin status as a relevant prognostic factor associated 
with local recurrence and poor survival. Screening and early detection are believed to 
decrease both morbidity and mortality associated with OSCC because, unlike many other 
anatomic sites, oral cavity pre-malignant lesions are often visible upon clinical examination. 
Oral carcinogenesis is a multi-factorial process involving numerous genetic processes that 
can alter the function of oncogenes, tumor suppressor genes, and other related molecules. 
The resulting anomalies can increase the production of growth factors and the number of 
cell surface receptors, and/or increase transcription or intracellular messenger factor levels. 
These changes can cause a loss of tumor suppressor activity and give rise to malignant cell 
phenotypes, able to increase cellular proliferation, weakening cell cohesion, causing local 
infiltration and metastasis. 

Epigenetic phenomena are non-genetic event able to cause modification in gene expression. 
Such modifications may be passed on successive generations of cells. Under these bases, if 
one or more oncogenes are directly or indirectly affected by epigenetic changes, malignant 
cell transformation may occur, because these alterations pass on successive generations of 
cells, even if there is no mutation in correspondent genes (Esteller, M.; Corn, P.G., 2001).  

Cellular aging, risk factors and, as recently discovered, condition of chronic inflammation 
via mediators such as IL-6 may be potential inducers of epigenetic alterations in oral mucosa 
cells (Gasche, J.A.; Hoffmann, J., 2011).  

We have seen that, among the three possible epigenetic phenomena - DNA hyper-
methylation, histone code changes and RNA interference, hyper-methylation and miRNAs 
are the most investigated, and for that reason best understood. 

About gene promoter hyper-methylation, p16 and E-cadherin are the most investigated 
genes, generally statistically significantly hyper-methylated in OSCC. Hall et al. found, in 
one of the most interesting study, an high correlation between malignant transformation 
and p16 promoter methylation status (Hall, G.L.; Shaw, R.J., 2008). 
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As for p16, E-cadherin is highly methylated in malignant lesions but it has not been found, 
when investigated, a correlation between methylation status and protein expression – in 
some cases hyper-methylation led to a protein hyper-expression. Inhibitors of WNT 
pathway methylation promoter status were investigated in a few works, only SFRP 2, 4, 5, 
DKK2 and WIF 1 were found to be statistically significantly hyper-methylated if compared 
to healthy tissue. SFRP 1 promoter is less methylated in OSCC  according to Pannone et al. 
hMLH1 promoter methylation investigation produced heterogeneous results (from 0 to 
76%) (Pannone, G.; Bufo, P., 2010); still, it is interesting to notice that, in hyper-methylated 
OSCC, protein expression was reduced in about 30% cases only. MGMT and Rar-beta-2 are 
generally found hyper-methylated in OSCC. Researches on other genes, such as DCC, 
RASSF1, KIF1A, NID2, HOXA9 and EDNRB showed promising results, proving that there is 
still much to investigate (Ogi, K.; Toyota, M., 2002). 

What emerges from a critical review of literature data is that methylation status of 
oncogenes promoters does not seem a valid parameter to predict oncoprotein expression. 
On the other hand, a methylation profile variation in dysplastic cells cannot be denied. 
Hyper-methylation of oncogenes promoters in oral mucosa cells emerges as a warning light 
of ongoing/occurred malignant transformation, concurring to outline a “molecular 
fingerprint” which can be very helpful in malignancies diagnosis. Still, another most 
interesting application of epigenetics could be the upstaging of surgical margins. Some 
works show that the histologically negative surgical margins of OSCC exhibits frequent 
aberrant DNA methylation changes for number of many cancer-related genes (Sinha, P.; 
Bahadur, S., 2009). Revealing promoter hyper-methylation present in negative margins 
could be an  useful molecular marker for the poor overall survival (Supic, G.; Kozomara, R., 
2011). Surgical excision of the entire affected oral mucosa is not feasible, but the inclusion of 
more rigorous treatment and more intensive surveillance during follow-up in patients with 
methylation changes detected in surgical margins may provide an enhanced overall 
survival.  

It is apparent that further studies on larger patients groups and additional 
quantitative/qualitative validation are needed to understand which one(s) is/are the most 
significant gene(s). 

The analyses of miRNA expression profiles have been found to be useful in the classification 
and diagnosis of some human tumors (Liu, X.; Chen, Z., 2009). Although the causes of 
miRNA mis-expression in cancer cells is not understood, it is interesting to note that, in 
cancer cells, some overexpressed oncogenic miRNAs are located in amplified genomic 
regions, whereas the down-regulated suppressor miRNAs are located in deleted genomic 
regions. Over-expression of oncogenic miRNA may reduce protein products of tumor-
suppressor genes. On the other hand, loss of tumor-suppressor miRNA expression may 
cause elevated levels of oncogenic protein. One or both of these alterations could represent 
new targets for cancer diagnosis and treatment in the future. The demonstration that 
miRNA expression is related to stage of some tumours may also be a useful tool for 
prognosis analysis, and it should be evaluated in OSCC staging. In recent years, since 
researchers have focused on epigenetic alterations in OSCC cells, the emergence of miRNA 
knowledge and its potential action create new perspectives in understanding cell 
transformation. The discovery of miRNA, 20-22 nucleotide-long members of the non-coding 
RNA family, adds another layer of gene regulation that is altered as cancer develops. They 
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may be present as intergenic transcription units or found in the intronic sequences of 
protein-coding genes. More than 1,000 of these sequences have been identified until now, 
and functional studies have identified that miRNAs act as conventional tumor suppressors 
or as oncogenes, and affect both translation and stability of target mRNA. Most of them are 
negative regulators of gene expression and have fundamental roles in biologic processes 
with this function being deregulated as cancer develops, but still, there is much more to 
understand. 

Since distinct miRNA expression profiles vary between OSCC and healthy mucosa, analysis 
of miRNA expression profiles offers an opportunity for early-stage diagnosis of OSCC, 
showing a high sensitivity and specificity to classify OSCC. Also, some individual miRNAs 
have been suggested to be putative specific biomarkers for OSCC diagnosis and prognosis, 
such as aberrantly over-expressed miR21 (Cervigne, N.K.; Reis, P.P.,  2009),. In addition, 
miRNAs seem to hold significant potential as diagnostic tools to detect metastatic disease.  

Some miRNAs have been linked with risk factors, chemo-resistance, and malignant 
progression of lesions (Kumar, M.S.; Lu, J., 2007). In a very few cases, we know biomolecular 
basis of this phenomena. A small number of miRNAs have been revealed to have profound 
prognostic values in determining the survival of patients with OSCC. By multivariate 
analyses, miR-21 expression is proposed as an independent predictor of poor survival for 
patients with OSCC. Different studies support the idea of a strong association of high 
expression level of miR21 and significantly decreased 5-year survival in patients with 
OSCC. Over-expression of miR-21, miR-181b and miR-345 could play a role in malignant 
transformation (Cervigne, N.K.; Reis, P.P.,  2009).  

HPV-positive oral-oropharyngeal SCCs appear as a distinct entity, different from HPV-
negative tumors. There is a strong prevalence in younger patients without sex predilection. 
Up to 20% of these cancers develops in patients without traditional risk factors, i.e. smoking 
and alcohol abuse. Conversely, their risk factors include young age at first intercourse, 
promiscuity, and history of genital warts in men and number of sexual partners in women. 
As positive personal history of oral–genital and oral–anal sexual contacts (during which the 
HPV infection may be transmitted to the oral cavity) increases the risk for HPV-positive 
HNSCCs, they may be regarded as a sexually transmitted disease. It is assumed that long-
lasting oral HPV infection, which prevalence increases after the onset of sexual activity, 
precedes the development of HPV-positive HNSCC for about 10 years. In addition, these 
tumors seem to berelated to immune-suppression. HPV positive OSCC patients revealed 
perturbations of 21 miRNAs, most significantly miR-127-3p and miR363. It has been 
hypothesized that the influence of HPV on miRNA could help understanding the distinct 
clinical behavior of HPV-infected tumors (Liu, X.; Yu, J., 2009).  . In oral and pharyngeal 
squamous cell carcinoma patients, over-expression of miR375 has been put in relation with 
alcohol consumption. This shows further damage caused by alcohol, in addition to the many 
ones we already know(Avissar, M.; McClean, M.D., 2009).  .  

Moreover, low expression levels of miR205 was found to significantly correlate with loco-
regional relapse of OSCC, independent of disease severity at diagnosis and treatment, and 
miRNA expression level seems to change with different malignancy grades and reflect the 
risk of OPL16 or the biological characteristics of OSCC such as the metastatic potential and 
chemo-sensitivity or chemo-resistance (Shiiba M.; Uzawa K., 2010).  
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An increasing amount of studies show that miRNAs circulate stably in body fluids, with 
different expression pattern in blood and saliva, of healthy and cancer patients. Most of 
investigated miRNAs show an increase in OSCC cells: miR 21, 24, 31, 155, 181, 184, 211, 345, 
375. On the other hand,miRNAs let-7b, 26, 100, 107, 124, 125, 133, 138, 139, 200, 375 seem 
decreased in OSCC cells (Henson, B.J.; Bhattacharjee, S., 2009; Liu, X.; Jiang, L, 2009). 

Elevated levels of miRNA in plasma (31, 184) have been detected in OSCC patients 
compared with case controlled individuals. Indeed, some miRNAs showed high plasmatic 
level in OSCC, decreasing dramatically after tumor excision. Saliva, easy to collect, is an 
ideal medium for clinical applications. About 50 miRNAs were revealed to be present in 
both whole saliva and supernatant saliva of patients with OSCC; among these, miR 125 
and 200 showed a statistically significant lower level in OSCC patients versus healthy 
controls. Another study showed that over-expressed miR31 was also detectable in the 
saliva of OSCC patients. These circulating miRNAs seem to be released from the OSCC 
tissues into the bloodstream, causing the remarkable reduction of plasmatic miRNAs in 
patients after surgical excision of the tumor  All these data support the view that 
circulating miRNAs could be used as non-invasive and powerful OSCC biomarkers (Liu, 
C.J.; Kao, S.Y., 2010). 

Due to their ability to regulate gene expression, miRNAs may contribute to improve 
treatment by both representing a new chemotherapy drug both helping to understand 
mechanisms of resistance to already existing chemotherapy drugs or radiotherapy.  

We need further evidence to understand miRNAs role as either oncogenes or tumor 
suppressors regulating key genes, involved in the initiation and progression of human 
cancer. If this role would be definitively proved, this would provide the rational basis for 
miRNA-based cancer therapy. Up-regulating the expression of tumor suppressive miRNAs 
at low levels in OSCC as well as inhibiting the expression of oncogenic miRNAs over-
expressed is the effective approach for the therapeutic purpose. Inhibition of miR184 could 
reduce cell proliferation rate and/or induce apoptosis in tongue SCC cell lines, by down-
regulation of c-Myc (Liu, C.J.; Kao, S.Y., 2010). It has been found that transfecting cells with 
exogenous miR125b and miR100, which are down-regulated in OSCC tumor and cell lines, 
significantly reduce cell proliferation and modified the expression of target and non-target 
genes, including some that are over-expressed in radio-resistant OSCC cells. Some Authors 
concluded that the down-regulation of miR 125b and miR100 in OSCC could play a role in 
the development and/or progression of disease and may contribute to the loss of sensitivity 
to ionizing radiation (Henson, B.J.; Bhattacharjee, S., 2009; Lo, W.L.; Yu, C.C., 2011; Wong, 
T.S.; Ho, W.K., 2009; Wong, T.S.; Liu, X.B., 2008). 

Finally, miRNA may play another role in resistance to cisplatinum chemotherapy. It has 
been demonstrated that inducing let-7a miRNA proliferation in head and neck cancer cell 
lines could considerably inhibit the stemness signature and the chemo-resistant abilities (Yu, 
Z.W.; Zhong, L.P., 2010; Yu, C.C.; Chen, Y.W., 2010). 

However, at present, it is still a big challenge to design a specific and efficient drug delivery 
system for miRNA-based drugs. 

The discovery of miRNAs provides new insights into the pathogenesis and progression of 
OSCC, which was thought to be a disease characterized exclusively by alterations in 
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oncogenic and tumor suppressive protein-coding genes. A number of aberrantly expressed 
miRNAs have been verified either as oncogenes or tumor-suppressors, participating in 
various biological processes of OSCC, including proliferation, apoptosis, metastasis and 
chemoresistance. In addition, these mis-expressed miRNAs have been proved to have 
potential as diagnostic and prognostic tools. Furthermore, the role of miRNAs in cancers 
makes it possible to design miRNA-based therapy for OSCC. Although still little is  known 
in this field, compelling evidence gives exciting promises that miRNAs will improve the 
management of OSCC in the near future. Further studies are needed to generate additional 
information about tumour-suppressor miRNAs and oncogenic miRNAs involved in OSCC 
pathogenesis, including oral pre-malignancies transformation (Clague, J.; Lippman, S.M., 
2010). 

5. Summary 
The purpose of this chapter was to review the current state of knowledge of the genetic 
epigenetic alterations that are specifically observed in oral mucosal pre-malignancy and 
cancer. The ultimate goal of research on OSCC is to identify the specific candidate 
biomarkers that would have optimal predictive capacity in identification of those dysplastic 
lesions most likely to progress to OSCC over time, pointer towards the right therapy, help to 
better define surgical margins. 

Taking a critical look, we must highlight how  carcinogenesis is a complex phenomenon, 
involving a wide pool of genes which expression can be modified by an astonishing amount 
of factors. On the other hand, an epigenetic methylation/histonic/miRNA profile variation 
in dysplastic cells cannot be denied. These changes in oral mucosa cells emerge as a warning 
light of ongoing/occurred malignant transformation, concurring to outline a “molecular 
fingerprint” which can be very helpful in malignancies diagnosis. It appears that the best 
way to understand hyper-methylation phenomenon role in carcinogenesis should not be 
exclusively investigating its frequency in OSCC cells – always comparing results to healthy 
mucosa from OSCC patients and healthy mucosa from healthy patients, but also monitoring 
pre-malignant oral lesions, establishing a correlation between this epigenetic event and 
malignant transformation. 
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1. Introduction 
Epidemiologic and experimental evidence indicate that oral cancer originates and 
progresses with the contribution of carcinogen exposure, mainly from tobacco smoking 
(IARC, 1986, 2004). This is thought to contribute to DNA damage within the mucosa and, in 
particular, to subsequent gene mutations, chromosomal instability and aneuploidy, 
resulting in an increased risk of developing oral cancer. Accumulation of genetic/genomic 
aberrations over time leads to a multi-step process of carcinogenesis in which the functions 
of genes which control the cell cycle (proliferation and apoptosis), chromosome stability, 
angiogenesis, invasion and metastasis, become aberrant (Califano et al., 1996; Hanahan & 
Weinberg 2011; Martorell-Calatayud et al., 2009). Chromosomal aberrations in oral cancer 
are located, in particular, at 9p21, 17p13, 3q26, 11q13, 3p21, 14q32 (Forastiere et al., 2001; 
Gollin, 2001) corresponding to several putative tumor suppressor genes and oncogenes 
including p16 at 9p21 and TP53 at 17p13. 

Studies aimed at elucidating the steps of transition between the oral precursor lesions and 
oral cancer and, in particular, the transition from visually normal appearing non-dysplastic 
oral mucosa to  precursor lesions are potentially very informative. Such investigations 
address the theory of “field cancerization” (Slaughter et al., 1953) and its more recent genetic 
explanation (Braakhuis et al., 2003; Tabor et al., 2001). These studies have led to a genetic 
progression model of oral cancer (Braakhuis et al., 2004). A critical step in this model is the 
conversion of a patch, in which stem cells share genetic/genomic aberrations, into an 
expanding field in which many more aberrations occur and which sometimes becomes 
visible as leukoplakias and erythroplakias (Braakhuis et al., 2002; Reid et al., 1997; Van 
Houten et al., 2000).  The role of chromosomal instability during the genesis and progression 
of oral cancer has clearly been indicated by several studies but still our understanding of the 
molecular mechanisms is relatively poor. Analyses were performed with the use of different 
techniques including loss of heterozygosity (Braakhuis et al., 2004; Bremmer et al., 2008; 
Graveland et al., 2011; Lydiatt et al., 1998; Mithani et al., 2007; Partridge et al., 1997; 
Tsantoulis et al., 2007), comparative genomic hybridization and gene expression array 
(Bremmer et al., 2008; Cha et al., 2011; Garnis et al., 2009; Liu et al., 2006, 2011; Smeets et al., 
2009; Snijders et al., 2005; Squire et al., 2002;), in situ hybridization (Nees et al., 1993; 
Voravud et al., 1993), immunohistochemistry (Nees et al., 1993), multiplex ligation-
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dependent probe amplification (Bremmer et al., 2008; Cha et al., 2011; Liu et al., 2006), DNA 
image cytometry (Bremmer et al., 2008; Diwakar et al., 2005) and DNA flow cytometry 
(DNA FCM) (Donadini et al., 2010; Hemmer, 1990, 1997; Pentenero et al., 2009; Saito, 1998, 
1991, 1995; Seoane  et al., 1998). DNA FCM was often adopted as a useful technique for 
detecting the presence of DNA aneuploid sublines in several human predisposing and 
preneoplastic lesions such as Barrett’s esophagus (Reid et al., 2000), ulcerative colitis 
(Rabinovitch et al., 1999; Risques et al., 2008), colorectal adenomas  (Giaretti et al., 1994) and 
oral lesions (Donadini et al., 2010; Pentenero et al., 2009; Saito, 1998, 1991, 1995; Seoane et al., 
1998). 

2. High resolution DNA FCM of oral lesions and visually normal  
non-dysplastic mucosa 
The DNA FCM data provided so far for the human oral precancerous lesions were mainly 
derived from paraffin-embedded material of dysplastic oral potentially malignant lesions 
(OPMLs). In order to better investigate early oral fields of carcinogenesis and to separate 
them from later progression steps, we have included the analysis of non-dysplastic “oral 
clinically normal appearing mucosa sited in OPML and OSCC distant fields within the same 
subsites” (ODFs; n = 122). In addition, we have analyzed multiple samples from OPMLs 
without and with dysplasia at histology, including also the lesion margins. OPMLs in our 
series of cases were clinically identified mainly as white lesions of the oral mucosa or 
leukoplakias (n = 235). Further, we analyzed, though in a relatively small number of cases, 
oral verrucous carcinomas (OVCs; n = 9) and oral squamous cell carcinomas (OSCCs; n = 
32). In all cases the multiple samples were only from fresh/frozen material. Patients were 
recruited in three different medical centers: the Oral Medicine and Oral Oncology Section of 
the University of Turin, the Department of Otolaryngology, “S. Martino Hospital” in Genoa 
and the National Institute for Cancer Research in Genoa. Patient written consent was 
obtained in every case according to the Institutional Ethic Committees. Diagnosis in every 
case was obtained from the Pathology Departments of the same Institutions. In particular, 
the diagnosis of OPMLs, using both incisional biopsies and/or microbiopsies as previously 
detailed (Navone et al., 2008) was based on internationally accepted criteria with levels of 
diagnostic certainty C3-C4 (Van der Waal et al., 2009). The assessment of the degree of 
dysplasia was carried out by a specially trained pathologist according to the WHO 
guidelines (IARC, 2005). Tissue fragments were minced on Petri dishes using scalpels and 
collected in 2 ml detergent solution (0.1 M citric acid, 0.5% Tween-20) (Otto, 1994) and then 
submitted to mechanical disaggregation in a disposable 50 m Medicon using a 
Medimachine (DAKO, Copenhagen, Denmark). Nuclei suspensions were obtained and 
filtered over a 50 m nylon sieve (CellTrics, Partec GmbH, Muenster, Germany). An 
absolute count of the nuclei in suspension was performed by FCM (CyFlow® ML, Partec 
GmbH (Shapiro, 2003)) after 1 to 10 dilution in water. The final volume was calculated to 
obtain the concentration of 600,000 nuclei/ml. One volume (1/7 of the final volume) of 
detergent solution was first added followed by 10 min incubation and gentle shaking. 
Finally, 6 volumes (6/7 of the final volume) of staining solution (0.4 M Na2HPO4, 5 M 
DAPI in water) were added. Samples were kept on dark for a minimum of 15 min 
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dependent probe amplification (Bremmer et al., 2008; Cha et al., 2011; Liu et al., 2006), DNA 
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derived from paraffin-embedded material of dysplastic oral potentially malignant lesions 
(OPMLs). In order to better investigate early oral fields of carcinogenesis and to separate 
them from later progression steps, we have included the analysis of non-dysplastic “oral 
clinically normal appearing mucosa sited in OPML and OSCC distant fields within the same 
subsites” (ODFs; n = 122). In addition, we have analyzed multiple samples from OPMLs 
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Finally, 6 volumes (6/7 of the final volume) of staining solution (0.4 M Na2HPO4, 5 M 
DAPI in water) were added. Samples were kept on dark for a minimum of 15 min 
incubation before filtering and FCM analysis. Excitation of DAPI was provided with an UV 
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using a 435 nm long-pass filter. Measurements of DNA content histograms were performed 
with a high resolution DNA FCM (CyFlow® ML,  PartecGmbH (Shapiro, 2003)) according 
to quality controls and analysis consensus criteria (Ormerod et al., 1998). Only samples with 
at least 2 separate G0–G1 peaks were considered DNA aneuploid. Sex specific human 
lymphocytes and “true oral normal mucosa” from healthy donors were used as DNA 
diploid controls. DNA Index (DI) values were evaluated as the ratio of the mean channel 
number of the DNA aneuploid G0–G1 peak to the mean channel number of the DNA 
diploid G0–G1 peak. Thus, DNA diploid and aneuploid sublines have values respectively 
DI =1 and DI ≠ 1. The CV values of the G0–G1 peaks for the DNA diploid normal mucosa 
samples from healthy donors were used as a measure of accuracy (DNA resolution): a 
mean CV= 1.88±0.26% was obtained by a Gaussian curve fitting method (FloMax Software 
3.0b4 2001, Partec GmbH). The mean CV value using human lymphocytes from sex 
specific healthy donors was 1.2 ± 0.2%. Data collection, management and analyses were 
done using Microsoft Office Excel and the SPSS 16.0 software package (Apache Software 
Foundation, Chicago, IL, USA). The association between two variables in 2 x 2 
contingency tables was evaluated with the Fisher exact test. A p-value < 0.05 was taken as 
statistically significant.  

Table 1a shows the prevalence of DNA aneuploidy for 7 subgroups of oral mucosa/lesions: 
“true normal mucosa” from healthy donors (n = 36), non-dysplastic ODFs corresponding to 
OPMLs (n = 105), and OPMLs without (n = 208) and with dysplasia (n=27) were DNA 
aneuploid respectively in none of the cases, in 12/105 (11.4%), 37/208 (17.8%) and in 10/27 
(37%).  The samples relative to advanced cancer, respectively OVCs and OSCCs, were DNA 
aneuploid in 6/9 (66.7%) and 25/32 (78.1%) cases. ODFs corresponding to OSCCs were 
DNA aneuploid in 3/17 (17.6%) cases. Two or more DNA aneuploid sublines were detected 
in none of the ODFs, in 5/37 (13.5%) of the OPMLs without dysplasia, in 2/10 (20%) of the 
OPMLs with dysplasia. OVCs and OSCCs presented respectively multiple DNA aneuploid 
sublines in 2/6 (33.3%) and in 13/25 (52%) cases. 

 

Oral mucosa/lesion groups 
N. cases 
within 
groups 

N. DNA 
aneuploid  
cases 

One DNA 
aneuploid  
subline 

Two or more  
DNA 
aneuploid 
sublines 

"True normal mucosa"         
from healthy donors  36 0 (0%) - - 

ODFs corresponding to OPMLs 105 12 (11.4%) 12 (100%) 0 (0%) 
OPMLs without dysplasia 208 37 (17.8%) 32 (86.5%) 5 (13.5%) 
OPMLs with dysplasia 27 10 (37.0%) 8 (80.0%) 2 (20.0%) 
OVCs 9 6 (66.7%) 4 (66.7%) 2 (33.3%) 
ODFs corresponding to OSCCs 17 3 (17.6%) 3 (100%) 0 (0%) 
OSCCs 32 25 (78.1%) 12 (48.0%) 13 (52.0%) 

Abbreviations: ODFs = non-dysplastic oral clinically normal appearing mucosa sited in OPML and 
OSCC distant fields within the same anatomical subsites; OPMLs = Oral Potentially Malignant Lesions 
(mainly leukoplakias); OVCs = Oral Verrucous Carcinomas; OSCCs = Oral Squamous Cell Carcinomas. 

Table 1a. DNA aneuploidy by high resolution DNA FCM among 7 different groups of oral 
lesions and non-dysplastic normal appearing mucosa. The last 2 columns report the cases 
with single and multiple DNA aneuploid sublines.  
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All the DI aneuploid sublines (n = 126) were subdivided in 2 classes: DNA near-diploid  
(DI ≠ 1 and <1.4) and DNA high aneuploid (DI ≥1.4) (Table 1b). ODFs and OPMLs without 
dysplasia were characterized by near-diploid sublines respectively in 12/12 (100%) and in 
38/43 (88.4%) of the cases. OVCs had a significantly higher frequency of DNA near-diploid 
aneuploid cases than OSCCs (respectively, 87.5% and 33.3%; p=0.006). In contrast, OPMLs 
with dysplasia and OSCCs had high aneuploid sublines respectively in 5 out of 12 (41.7%) 
and in 32 out of 48 (66.7%) of the cases. The prevalence of high aneuploidy in OPMLs with 
dysplasia was statistically significantly higher than in OPMLs without dysplasia (p = 0.03).  

 

Oral mucosa/lesion groups 
N. DNA 
aneuploid 
sublines 

N. DNA near-diploid 
aneuploid sublines 
(DI≠1 and DI<1.4) 

N. DNA high aneuploid 
sublines (DI≥1.4) 

"True normal mucosa"       
from healthy donors  - - - 

ODFs corresponding to OPMLs 12 12 (100%) 0 (0%) 
OPMLs without dysplasia 43 38 (88.4%) 5 (11.6%) 
OPMLs with dysplasia 12 7 (58.3%) 5 (41.7%) 
OVCs 8 7 (87.5%) 1 (12.5%) 
ODFs corresponding to OSCCs 3 2 (66.7%) 1 (33.3%) 
OSCCs 48 16 (33.3%) 32 (66.7%) 

Abbreviations: ODFs = non-dysplastic oral clinically normal appearing mucosa sited in OPML and 
OSCC distant fields within the same anatomical subsites; OPMLs = Oral Potentially Malignant Lesions 
(mainly leukoplakias); OVCs = Oral Verrucous Carcinomas; OSCCs = Oral Squamous Cell Carcinomas. 

Table 1b. Presence of DNA near-diploid (DI≠1 and DI<1.4) and high aneuploid (DI≥1.4) 
sublines among 7 different groups of oral mucosa/lesions. DNA aneuploidy was measured 
by high resolution DNA FCM.  

3. Discussion 
The incidence of DNA aneuploidy by FCM reported in the literature ranges from about 10% 
to 40% for dysplastic OPMLs (Donadini et al. 2010; Pentenero et al. 2009; Saito et al., 1998, 
1991, 1995; Seoane et al., 1998) and up to about 80% for OSCCs (Donadini et al., 2010; 
Pentenero et al. 2009; Hemmer, 1990, 1997). These values may strongly depend on the tissue 
material type (paraffin embedded or fresh–frozen) and DNA FCM resolution. In the present 
study, partly based on a previous data set that was already published (Donadini et al., 2010), 
we have performed FCM measurements at optimized conditions (fresh–frozen material, 
concentration of 600,000 nuclei/ml, DAPI staining in nuclei suspensions, UV incident light, 
the use of a dedicated instrument). Correspondingly, the CV values of the G0–G1 peaks of 
human normal control DNA diploid nuclei were commonly near 1%, while a minimum 
DNA change of 2.4% was detected (Figure 1). It is likely that DNA FCM at lower resolution 
and higher CV values would not allow  separating DNA near-diploid aneuploid sublines 
with only slight DNA changes above/below DNA diploidy.  

The present data set confirmed in a larger number of cases that, while “true normal oral 
mucosa” and human lymphocytes of healthy donors were DNA diploid in all cases, non-
dysplastic “clinically normal appearing mucosa fields of the oral cavity” (ODFs) in patients 
with OPMLs already contained DNA aneuploid sublines in a subgroup of cases (12/105, 11%). 
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Moreover, it was found that OPMLs that could be clinically identified mainly as white lesions 
of the oral mucosa (leukoplakias) and classified without dysplasia at histology, contained 
already DNA aneuploid sublines in 37/208 (18%) of the cases. These data appear in agreement 
with the concept of field effect in oral carcinogenesis (Braakhuis et al., 2003; Bremmer et al., 
2008; Leemans, 2011; Tabor et al., 2001; Van der Waal, 1997). The data obtained for the non-
dysplastic OPMLs, in particular, were in agreement with previous literature reports including 
two studies from our group using an independent patient population (Donadini et al., 2010; 
Pentenero et al., 2009; Saito, 1995). These data were, however, in contrast with other studies, 
which did not detect DNA aneuploid sublines in such lesions (Kahn et al., 1992; Saito, 1998). 
The present study has additionally highlighted that ODFs and OPMLs without dysplasia were 
characterized by single near-diploid DNA aneuploid sublines. On the contrary, OPMLs with 
dysplasia contained high DNA aneuploid sublines (DI ≥1.4) in slightly less than half of the 
cases (42%). High DNA aneuploid sublines were predominant (67%) for the OSCCs, which 
were in addition characterized by the presence of multiple DNA aneuploid sublines in 52% of 
the DNA aneuploid cases. In contrast, OVCs were characterized by DNA near-diploid 
aneuploid sublines in 67% of the cases in agreement with previously published data 
(Pentenero et al., 2011).  Overall, the present data support a previous model of aneuploidy 
genesis and evolution (Giaretti, 1994). Accordingly, a transition from DNA diploidy to near-
diploid aneuploidy would be an early step of the natural history of OPMLs, while high DNA 
aneuploidy (likely to derive from the endoreduplication of a DNA hypo-diploid or hyper-
diploid near-diploid cell) would frequently occur as a later event in OPMLs with dysplasia 
and OSCCs (Figure 1). From the clinical point of view, one can speculate that the detection of 
DNA content genomic aberrations in oral fields, which appear visually and histologically 
normal, and in OPMLs may have profound implications for improvement of the present 
patient management by identifying individuals at high risk to develop cancer (Brennan et al., 
2007; Dakubo et al., 2007; Lodi et al., 2006). 

Moreover, it is possible, though still unproved, that the OSCC group in which near-diploid 
aneuploid DIs remained “frozen” during time are at better prognosis compared to OSCCs 
with multiple DNA aneuploid sublines with high DNA aneuploidy. Interestingly, OVCs 
that were mainly characterized by DI values in the near-diploid region are known to be less 
aggressive and at better prognosis than OSCCs.  

Clearly, what is still strongly needed in the model system of oral preneoplasia and neoplasia 
is a better understanding of the origin and dynamic evolution of chromosomal instability, 
chromosomal aberrations and aneuploidy (Albertson et al., 2003; Asteriti et al., 2010; 
Compton et al., 2011; Geigl et al., 2008; Giet et al., 2005; Kops et al., 2005; Lingen et al., 2011; 
Sieber et al., 2003; Suijkerbuijk & Kops, 2008; Thompson et al., 2010; Viet & Schmidt, 2010). 
In other models of cancer genesis and progression, like the colorectal adenoma-carcinoma 
sequence, the Barrett's esophagus and the ulcerative colitis transition to carcinoma, the role 
of APC and TP53 has been highlighted (Fodde et al., 2001; Giaretti et al., 2004; Rabinovitch 
et al., 2004). A role of TP53 in oral cancer chromosomal instability (Negrini et al., 2010) is 
also likely to occur due to different sources of TP53 inactivation including HPV infection in 
different sites of the oral cavity (Leemans, 2011; Klingelhutz et al., 2005; Tsantoulis et al., 
2007). Studies that linked the genome-wide integrity analysis with gene expression profiles 
have provided powerful indications that chromosomal instability and aneuploidy massively 
deregulate the cellular transcriptome (Albertson et al., 2003). Future studies coupling both 
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these techniques are likely to contribute to discover specific recurrent genomic aberrations, 
which encompass specific genes with a potential role in the genesis of chromosomal 
instability and aneuploidy. The functional consequences of specific DNA gains/losses are, 
however, not only involving oncogenes and tumor suppressor genes. More subtle and 
complex mechanisms are present since many aberrations span large chromosomal regions 
including normal genes, which coordinately and cooperatively may influence important cell 
functions as proliferation, differentiation, apoptosis and DNA repair.  

 

 
Fig. 1. Examples of DNA content histograms from oral fresh/frozen mucosa/lesions as 
obtained by low background and high resolution DNA FCM. A model of DNA 
aneuploidization and evolution.  

Single DNA aneuploid sublines in the DNA near-diploid aneuploid region (DI1 and 
DI<1.4) are shown in A and B for two OPMLs. Sex specific human lymphocytes (Ly) and 
true normal mucosa of healthy donors were used as DNA diploid controls (DI=1.0). 
Multiple DNA aneuploid sublines for an OSCC with DI values respectively of 1.12 and 2.18 
are shown in C. This example illustrates a model of DNA aneuploidisation as previously 
reported (Giaretti, 1994; Donadini et al., 2010). The key mechanism of DNA 
aneuploidisation appears related to a loss of symmetry of DNA content during an abnormal 
mitotic division in which the two daughter cells loose or gain respectively a small amount of 
DNA and generate DNA near-diploid aneuploid sublines (see examples A and B). A second 
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step of DNA aneuploidy evolution appears to be due to the endoreduplication of the DNA 
near-diploid aneuploid cells sublines (see example C). The large G0-G1 subpopulation of 
cells with DI= 2.18 is characterized by a relatively large CV value (about 3% with respect to 
2% of the G0-G1 DNA diploid peak), which is indicative of chromosomal instability and 
potential loss of DNA. The DI= 2.18 value of the high DNA aneuploid G0-G1 peak was 
likely originated from an initial DI value of 2.24 (twice as much of the original near-diploid 
DI=1.12 ) with the loss of 2.7% DNA. 

An example of DNA histogram with a small G0-G1 DNA aneuploid peak (with 5% of the 
total number of nuclei in this case) and with DI= 1.24 is shown in D to illustrate that such a 
small percentage of DNA aneuploid nuclei can be sufficient to be detected by our high 
resolution and low background DNA FCM measurements. This approach was characterized 
by the use of fresh/frozen tissue material, nuclei suspensions at the fixed concentration of 
600,000 nuclei/ml, DAPI staining and a dedicated FCM instrument (see details in the text; 
Donadini et al., 2010; Shapiro, 2003). 
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1. Introduction 
Metallothioneins (MTs) are ubiquitous proteins expressed in almost all organisms. MTs 
were isolated in 1957 for the first time from renal cortex as proteins responsible for binding 
cadmium (Margoshes & Valee, 1957, Coyle et al., 2002, Vasák et al., 2005). MTs are highly 
evolutionary conserved between species. Nevertheless, the role of these proteins has not 
been fully clarified yet and continues to generate interest among researchers. At present, 
several studies on MTs are focused on, their significance in the process of carcinogenesis, 
their potential prognostic value, and their involvement in resistance to cytostatic drugs. 

1.1 MT structure and synthesis 

MTs are low molecular weight of 6 –7 kDa proteins. The molecules of MT demonstrate a 
highly conserved amino acid sequence: the protein isolated from various organs of various 
animal species differ only insignificantly (Vasák et al., 2000). The molecule is formed by a 
single polypeptide chain of 61 to 68 amino acids, depending on the type. About  30% of MTs  
comprise of cystein residues while aromatic amino acids and histidine are absent. The cystein 
residues occur in typical tandem sequences of cys-aa1-cys, cys-aa1-aa2-cys, cys-cys, where aa1 
and aa2 denotes amino acid other than cystein. The number and distribution of the sequences 
determine the tertiary structure, stability, and capability for binding metallic ions. The high 
number of cystein residues is a source of high content of thiol groups (-SH) through which 
metal ions are bound (Coyle et al., 2002). Their ability to bind heavy metals, such as zinc, 
copper, mercury, lead, nickel, iron and cadmium has been demonstrated in many studies. One 
MT molecule may bind up to seven ions of bivalent, and up to twelve ions of univalent metals 
(Palmiter et al., 1998). In the structure of MT two globular domains can be distinguished, α and 
β (Zangger et al., 2002). The C-terminal domain α comprises amino acids 31– 68 and binds four 
Cd ions while the N-terminal domain β, comprises amino acids 1 to 30 and captures three 
metal ions, including two Zn ions and one Cd ion. Within the MT molecule, the most 
pronounced antigenicity is shown by regions of the domain β (Dziegiel, 2004). MTs represent a 
non-uniform group of proteins. Analysis of their structure and function allowed distinction 
into four principal isoforms: MT-1, MT-2, MT-3 and MT-4 (Mididoddi et al., 1996). Isoforms 
MT-1 and MT-2 are well recognized and characterized because they are expressed almost in all 
tissues of the organism. The highest concentrations of these proteins were demonstrated in the 
kidney, liver, pancreas and intestine (Davis et al., 2000; Coyle et al., 2002). Expression of MT-3 
and MT-4 isoforms is tissue specific and are present in the body in much lower amounts. MT-3 
can be noted mainly in cerebral neurons of central nervous system (Hidalgo et al., 2001). The 
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expression of MT-4 is restricted to stratified squamous epithelium of the skin and upper part 
of the alimentary tract (Quaife et al., 1994). MT are encoded by 17 genes, including 13 genes 
that code for MT-1, two for  MT-2, and individual genes coding for MT-3 and MT-4. There are 
at least 10 MT genes which encode functional proteins: MT-1A, MT-1B, MT-1E, MT-1F, MT-
1G, MT-1H, MT-1X, MT-2A, MT-3 and MT-4 (Palmiter et al., 1992; Quaife et al., 1994). In 
human, genes encoding for MTs are located on chromosome 16, within the 16q13 region 
(Mididoddi et al., 1996). MTs are intracellular proteins and their presence was demonstrated in 
the cytoplasm and in the cell nucleus (Bay et al., 2001). Their synthesis can be induced by 
several substances, such as heavy metals, hormones, cytokines, growth factors, organic 
compounds and free radicals (Samson et al., 1998; Haq et al., 2003; Ghoshal et al., 2001). The 
principal physiological factors, which induce MT synthesis are zinc ions (Zn2+) which are 
bound by the transcription factor, MTF-1 (metal response element-binding transcription factor). The 
MTF-1 is a protein with domains of zinc finger structure, responsible for interaction with 
DNA. The MTF-1 binds to the MRE (metal response element) sequence within the MT gene 
promoter. Binding of MTF-1 to MRE initiates the process of MT gene transcription (Langmade 
et al., 2000; Otsuka et al., 2000; Saydam et al., 2002). The remaining metals (e.g. Pb2+, Ni2+, Fe2+, 
Cd2+, Bi2+) initiate transcription of MT genes also with mediation of MRE but they are not 
bound by the MTF-1 transcription factor. They manifest a higher affinity to MT and they 
replace zinc ions from MT molecules. Released zinc ions are subsequently bound by MTF-1 
(Mursta et al., 1999; Koizumi et al., 1999; Lichtlen et al., 2001). Similarly, oxygen free radicals 
could also replace zinc ions from MT molecule and in this way stimulate MT synthesis. 
Oxidation of MT by hydrogen peroxide (H2O2) leads to release of zinc ions (Andrews, 2000; 
Nguyen et al., 2003). MT synthesis could also be induced by other factors, such as 
glucocorticoids, which through glucocorticoid receptors (GR) bind to specific regulatory 
sequences, GRE (glucocorticoid response element) in the promoter region of MT genes (Davis et 
al., 2000; Hernández et al., 2000). 

1.2 Effect of MT on cell proliferation and differentiation processes 

MTs are thought to be engaged in the control of cell proliferation and differentiation 
(Schmidt et al., 1999).  The metal binding properties of MT, including binding of zinc ions, 
allow MT to act as a zinc donor. The zinc-dependent enzymes play a crucial role in DNA 
replication, transcription and protein biosynthesis. Presumably, in this way MT could 
modulate the functional activity of many factors controlling the cell cycle (Ostrakhovitch et 
al. 2007). In the course of cell cycle the distribution of MT in the cell is changed from the 
cytoplasm to the nucleus, what may indicate the protein’s involvement in DNA synthesis.  
In many studies an increased expression of MT both in the cell nucleus and in the cytoplasm 
was demonstrated in hepatocytes during liver regeneration, in kidneys undergoing 
compensatory growth following nephrectomy, and in rapidly growing parabasal cells of 
stratified squamous epithelium (Zalups et al., 1995; Ioachim et al., 1999; Cherian et al., 2006). 
The increased expression of MT, correlated to the augmented cell proliferation, was also 
observed in cells of various human tumours (Theocharis et al., 2004). In mitotically inactive 
cells (G0 phase) expression of MT can be detected in the cytoplasm while in dividing cells its 
activity becomes shifted to the nucleus. The high cytoplasmic expression of MT is observed 
at the end of G1 phase and at the G1/S threshold while the peak accumulation of MT in cell 
nucleus can be detected in phases S and G2 (Cherian et al., 2000; Levadoux-Martin et al., 
2001). The translocation of MT into the nucleus during G1/S phase in tumour cells suggests 



 
Oral Cancer 

 

340 

expression of MT-4 is restricted to stratified squamous epithelium of the skin and upper part 
of the alimentary tract (Quaife et al., 1994). MT are encoded by 17 genes, including 13 genes 
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The increased expression of MT, correlated to the augmented cell proliferation, was also 
observed in cells of various human tumours (Theocharis et al., 2004). In mitotically inactive 
cells (G0 phase) expression of MT can be detected in the cytoplasm while in dividing cells its 
activity becomes shifted to the nucleus. The high cytoplasmic expression of MT is observed 
at the end of G1 phase and at the G1/S threshold while the peak accumulation of MT in cell 
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that MT facilitates cell proliferation by donating zinc ions to various transcription factors. 
The stabilization and binding of transcription factors to DNA depend entirely on zinc 
binding (Ostrakhovitch et al. 2007). In this way MT may control activity of various genes, 
including the p53 tumour suppressor protein in cells. In in vitro studies the transfer of zinc 
ions from MT to transcription factors was demonstrated (Langmade et al., 2000). The factors 
involve mainly protein factors with zinc fingers domains in their structures, such as 
estrogen receptors and MTF-1. Binding of zinc ions by MT was found to be a reversible 
process: in certain conditions MT may remove zinc from other protein molecules, in this 
way modulating their biological activity (Davis et al., 2000; Ogra et al., 2001). 

1.3 Role of MT in a neoplastic process 

Recent investigations confirmed that increased synthesis of MT occurs in neoplastic cells of 
various origin (Dziegiel, 2004). Investigators have focused on the significance of MT in the 
process of carcinogenesis and tumour progression but also on the involvement of the proteins 
in development of tumour chemoresistance as well as the possible role of MT expression as a 
prognostic and predictive factor. Results of several investigations suggest that the role of MT 
expression in tumour cells may be linked to the processes of proliferation and apoptosis 
(Jayasurya et al., 2000; Bay et al., 2001; Shimoda et al., 2003). MT functions as a donor of zinc 
ions for transcription factors and enzymes involved in the processes of DNA and protein 
synthesis. This is confirmed not only by elevated MT levels in hyperplasia but also by MT 
translocation from cytoplasm to cell nucleus during DNA synthesis (S phase) (Woo et al., 1996; 
Jasani & Schmid, 1997). In neoplastic tissues, the level of MT was shown to be proportionally 
elevated with the concentration of zinc ions (Jayasurya et al., 2000; Florianczyk et al., 2006). 
Similar results have been shown in in vitro investigations, showing that interaction between 
MT and p53 protein seems to be highly significant for tumour development, due to regulation 
of zinc ion homeostasis by MT (Meplan et al., 2000; Ostrakhovitch et al., 2006). p53 protein 
represents a transcription factor with a DNA-binding domain, stabilized by zinc ions. In 
normal conditions it inhibits proliferation of cells with a damaged DNA and directs cells 
toward apoptosis. MT molecules were found to be able to remove zinc ions from p53 protein, 
what results in its inactivity (Rainwater et al., 1995; Meplan et al., 2000). Inactivation of p53 
protein in neoplastic cells results in their excessive proliferation and in inhibition of apoptotic 
processes. It is suggested that an increased synthesis of MT in tumour cells promotes 
interaction of MT with p53 protein, resulting in an uncontrolled proliferation (Fan et al., 2002; 
Ostrakhovitch et al., 2007). The results were confirmed by positive correlation between 
expression of MT and proliferation antigens, Ki-67 and PCNA. Such a relationship was 
demonstrated in several tumours, such as breast cancer, cancers of ovary, kidney, and also in 
tumours of lungs and upper respiratory pathways (Jayasurya et al., 2000; Jin et al., 2001; 
Hengstler et al., 2001; Harpole et al., 2001; Mitropoulos et al., 2005). Therefore, expression of 
MT may be of prognostic significance in certain types of tumours. Several reports investigated 
the relationship between MT expression and other clinicopathological characteristics of 
various malignancies. In certain tumours, e.g. in colorectal carcinoma overexpression of MT 
was found more often in cases of tumours of a higher grade of malignancy (Dziegiel et al., 
2003). An elevated level of MT was found to correlate with an abbreviated duration of survival 
and a shorter disease free survival in some tumour types, what may suggest usefulness of MT 
as a prognostic factor (Dziegiel, 2004). However, some reports did not confirm the prognostic 
role of MT expression, what does not permit at present to unequivocally specify prognostic 
value of MT in neoplastic diseases. MT was also shown to be involved in the development of 



 
Oral Cancer 

 

342 

resistance of cancer cells to cytostatic agents. Chemotherapy was found to induce synthesis of 
MT while an elevated level of the proteins decreased therapeutic efficacy of certain oncostatic 
proteins (Cherian et al., 2003). In several investigations it was demonstrated using 
experimental animals with engrafted tumour cells treated with drugs commonly used in anti-
neoplastic therapy, including cisplatin, bleomycin, cyclophosphamide, that synthesis of MT in 
neoplastic cells increased markedly. In parallel, other drugs, such as mitomycin C, 5-
fluorouracil did not alter MT expression level. Animals with engrafted tumour cells with zinc-
induced MT, were shown to have significantly higher rate of chemoresitance of tumour cells to 
cisplatin as compared to the untreated cells. The experiments showed that MT may be 
responsible for both primary and acquired chemoresistance of neoplastic cells (Florianczyk, 
1999; Chun et al., 2004). Mechanism of the cytoprotective MT activity during chemotherapy 
seems to be related to an anti-oxidative properties of MT. Some anti-neoplastic drugs act by 
inducing oxidative stress in tumour cells (including anthracyclines, e.g.. doxorubicin, 
daunorubicin), what results in their damage. MT protect cells from oxidative damage, 
decreasing therefore the therapeutic efficacy of cytostatic drugs (Cherian et al., 2003). In turn, 
affinity of MT to metal ions provides grounds for inactivation of alkylating drugs containing 
heavy metals (e.g. cisplatin, carboplatin). Due to MT direct interaction with the 
chemotherapeutic agents or their metabolites, MT may protect neoplastic cells from the 
cytotoxic effects (Shimoda et al., 2003; Theocharis et al., 2004). This hypothesis is confirmed by 
studies conducted on human malignancies (e.g. ovarian cancer, testicular cancer, colorectal 
cancer, breast cancer and squamocellular oesophageal cancer), showed that insensitivity of the 
tumours to chemotherapy was related to their MT over-expression (Yamamoto et al., 1999; 
Vazquez-Ramirez et al., 2000; Dziegiel et al., 2003; Surowiak et al., 2005; Surowiak et al., 2007). 
In view of the above, some authors include MT, in parallel to multi-drug resistance proteins 
(MDR), to significant factors responsible for the lack of therapeutic efficacy of some cytostatic 
agents (Theocharis et al., 2004). Similar observations were shown regarding resistance of 
tumour cells to radiotherapy, which is known to generate high amounts of free radicals in 
tumour cells. MT, playing the function of an intracellular antioxidant inactivate reactive 
oxygen species, therefore protecting the tumour cells from radiotherapy induced damage, 
resulting in treatment failure (Cai et al., 1999; Theocharis et al., 2004). Although the role of MT 
in the process of carcinogenesis, proliferation and resistance of tumour cells to chemo- and 
radiotherapy still requires further research, MT may be considered as an additional prognostic 
and predictive marker in some tumour types. 

2. Metallothionein in oral cancer 
As overexpression of MT-1 and MT-2 was found in many malignant tumours, the studies 
conducted on cancers of the oral cavity concerning MT expression focused mainly on the 
expression of these two isoforms in oral squamous cell carcinoma (OSCC), tonque 
squamous cell carcinoma and tumours of the salivary glands. 

2.1 Metallothionein expression in normal and dysplastic oral mucosa and oral 
squamous cell carcinoma 

OSCC is the most frequently diagnosed oral cancer accounting for more than 95% of 
malignancies originating from the oral cavity with almost 25 000 new cases diagnosed 
annually in the US (Siegel et al., 2011). Oral leukoplakia (OL) is a premalignant and potentially 
malignanant lesion of the oral mucosa and proceeds OSCC in some cases (Hunt et al. 2011). On 
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the basis of the amount of dysplastic cells and the thickness of dysplastic epithelium, this 
lesion is graded as mild, moderate or severe (Barnes et al., 2005). Until now, in tissues of the 
oral mucosa and its lesions, only isoforms of the MT-1 and MT-2 family were investigated 
concerning their expression. In normal oral mucosa MT-1/2 expression is restricted only to 
basal and parabasal cells with a mosaic cytoplasmic-nuclear expression pattern, whereas in 
dysplastic lesions additional foci in the spinous layer were noted (Sundelin et al., 1997; Johann 
et al., 2008; Pontes et al., 2009). MT-1/2 expression intensity was positively correlated with 
severity of dysplasia of oral leukoplakia, with the lowest MT-1/2 expression found in mild 
dysplastic lesions and the highest in severe dysplasia (Pontes et al., 2009). Likewise in normal 
and dysplastic mucosa, cancer cells of OSCC exhibited an cytoplasmic-nuclear pattern of MT-
1/2 expression (Szelachowska et al., 2008; Pontes et al., 2009). In OSCC, cancer cells expressing 
MT-1/2 were found at the centre and the periphery of tumour islands, but interestingly in 
cases when keratin pearls were present, MT-1/2 expression was restricted to basal and 
parabasal cells (Pontes et al., 2009, Szelachowska et al, 2009). 

2.1.1 Role of metallothioneins in the pathogenesis of oral squamous cell carcinoma 

Three major risk factors of OSCC development are long term tobacco smoking, alcohol and 
areca-quid (also known as betel nut) consumption (Shiu et al, 2004). Two components of 
tobacco: nicotine and 4-(methylnitorosamino)-1-(3-pyridyl)-1-butanone were shown to 
activate Akt kinase in human airway epithelial cells (West et al., 2003; Shiu et al., 2004; West 
et al., 2004). Recent studies reported, that MT-1/2 expression correlated positively with 
phosphorylated Akt (p-Akt) expression and levels of both these proteins were significantly 
elevated in OSCC in comparison to normal or dysplastic oral mucosa regardless of its 
severity grade (Sundelin et al., 1997; Johann et al., 2008; Pontes et al., 2009). Akt/PKB 
(protein kinase B) is a serine/threonine kinase comprised of three isoforms and acts as a 
downstream target of phosphatidylinositol-3 kinase (PI3K) and is thus involved in many 
vital cellular pathways and is frequently activated in different human cancers (Carnero 
2010; Fayard et al, 2010; Freudlsperger et al., 2011; Grabinski et al., 2011;). Its activation, 
similarly to MT-1/2 expression, in human cancers was associated with inhibition of 
apoptosis and promotion of cell proliferation (Diehl et al., 1998; Brunet et al., 1999). 
Epidemiological studies have also shown, that patients with head and neck cancer and 
OSCC frequently suffer from zinc deficiency (Doerr et al., 1997; Kleier et al., 1998). These 
results were also confirmed by a number of in vivo studies using an lingual-esophageal 
carcinogenesis model in mouse and rats (Fong et al., 2005; Fong et al., 2006, Liu et al., 2005). 
These studies have shown that deficit of zinc in diet induces MT-1 expression, along with 
other markers related to carcinogenesis e.g. cyclin-B2, carbonic anhydrase II and keratin 14. 
Moreover, zinc diet restriction potentiated the growth of lingual and esophageal tumours in 
p53 deficient mice, which were characterized by significantly augmented cell proliferation, 
keratin 14, COX-2 and MT-1 expression as compared to mice with normal p53 expression 
level (Liu et al., 2005; Fong et al., 2006). Zinc replenishment in the diet resulted in 
subsequent reduction of cell proliferation and expression of keratin 14, COX-2 and MT-I 
(Liu et al., 2005). These experimental results confirm the observations stemming from IHC 
studies on human specimens, because the carcinogenesis model clearly showed subsequent 
rise of MT-1 expression correlating with the noted histopathological hyperplasia-dysplasia-
carcinoma model (Fong et al., 2006). Nonetheless, little is known about the interaction and 
possible regulation of MT-1 and MT-2 expression in dysplasia and OSCC cases. 
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Fig. 1. MT-1/2 expression in basal layer of squamous stratified epithelium with additional 
foci in the upper parts of oral mucosa (A). Nuclear-cytoplasmic MT-1/2 expression in 
advanced OSCC (B). 
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2.1.1.1 Areca nuts, copper ions and reactive oxygen species (ROS) 

Areca nuts chewing was shown to be associated with increased risk of OSCC development 
and progression (Shiu et al., 2004; Merchant et al., 2000). It is estimated that around 200-400 
million people, regardless of gender consume areca nuts (Gupta and Warnakulasuriya, 
2002). Moreover, almost 80% of OSCC related deaths in Taiwan are associated with areca 
quid consumption habit (Kwan, 1976; Lee et al., 2008). It was shown, that patients with 
simultaneous smoking and areca nut chewing habits are characterized be even greater risk 
of OSCC development, than patients consuming either of these products separately (Ko et 
al., 1995). The study of Lee et al. showed an upregulated expression of MT-1 in OSCC 
originating from patients with long-term areca nut consumption (Lee et al., 2008). Areca 
nuts contain high levels of copper, a metal which is bound by metallotthioneins, and is the 
source of ROS during chewing (Trivedy et al., 1997; Nair et al., 1992; Chen et al., 2002). This 
compounds were shown to be responsible for generation of OSCC in areca quid consumers 
(Warnakulasuriya et al., 2002). The in vitro experiments conducted on an oral epithelial cell 
line GNM originating from a patient with T2N2aM0 gingival carcinoma demonstrated an 
increase in MT-1 mRNA expression upon arecoline treatment in a dose dependent manner 
(Lee et al., 2008). Treatment of this carcinoma cell line with benzo[a]pyren (BaP) alone or in 
combination with arecoline resulted in an increased expression of MT-1 mRNA in GNM 
cells. The highest MT-1 mRNA expression was seen in the cells treated with both 
compounds simultaneously. Addition of a glutathione precursor, N-acetyl-L-cyteine, to the 
cells treated with arecoline reduced the levels of arecoline induced MT-1 mRNA levels. 
Nonetheless, the results of the in vitro experiments are in accordance with the results of the 
epidemiological studies conducted on Taiwan population, showing an enhanced incidence 
of OSCC development in patients with simultaneous areca quid and cigarette consumption 
(Ko et al., 1995, Lin et al., 2011). Moreover, this results also underlie the results of studies 
showing upregulated expression in response to reactive oxygen species (Iqbal et al., 2003; 
Reinecke et al., 2006). As areca nuts contain also high amounts of copper ions, high MT-1/2 
expression in OSCC originating from areca nut chewers may be partially explained by its 
interaction with this metal ion. To note, studies have shown, that MT-1/2 expression levels 
is related to zinc and copper ion content in tumour cells, what points to another mechanism 
of MT-1/2 upregulated expression in OSCC cells originating from areca-quid consumers 
(Jayasurya et al., 2000; Florianczyk et al., 2006). 

2.1.1.2 Cancer cell proliferation 

Few studies compared the proliferative activity of OSCC tumour cells with expression levels 
of MT-1/2 (Cardoso et al., 2002; Szelachowska et al., 2008; Szelachowska et al., 2009). None 
of the studies performed on OSCC cases succeeded in noting a positive correlation between 
MT-1/2 expression and expression of proliferation markers. The study of Cardoso et al. 
found no correlation between the expression of MT-1/2 and Ki-67 antigen (Cardoso et al., 
2002). Similar results were obtained in both studies performed by Szelachowska et al. on a 
subset of patients with OSCC (Szelachowska et al. 2008; Szelachowska et al., 2009). In the 
first study no correlation with Ki-67 and MCM-2 protein expression was found, when the 
MT-1/2 nuclear and cytoplasmic expression was analyzed separately (Szelachowska et al. 
2008). Similarly, no correlations were found in the second study performed on 39 patients 
with OSCC between MT-1/2 expression intensity and cancer cell proliferation measured by 
the Ki-67 and MCM-2 expression levels (Szelachowska et al., 2009). MT-1/2 expression 
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seems not to exert pro-mitotic effects in OSCC, which was observed in other tumour types, 
including the squamous cell carcinoma of the head and neck (Jayasurya et al., 2000; Dziegiel 
et al., 2005; Szajereka et al., 2008). 

2.1.1.3 p53 

Recent study performed on 100 cases of OSCC disclosed a positive correlation between the 
expression of MT-1/2 and p53 protein. Moreover, cases characterized by a positive nuclear 
MT-1/2 immunostaining yielded higher p53 expression levels (Cardoso et al., 2009). This 
underlies the earlier observed role of MT-1/2 in regulation of p53 expression by influencing 
zinc ion cell homeostasis (Rainwater et al., 1995; Meplan et al., 2000; Ostrakhovitch et al., 
2006; Pastuszewski et al., 2007). 

2.1.1.4 Invasiveness 

Numerous studies showed the involvement of laminin in progression of different 
malignancies, including these of the oral cavity (Ono et al., 1999; Patarroyo et al., 2002; 
Stolzfus et al., 2004; Lyons and Jones, 2007). Until now, only one study analyzed the impact 
of MT-1/2 expression levels on the expression of invasiveness related markers in OSCC. In 
this immunohistochemical study a positive correlation was disclosed between the 
expression of MT-1/2 and laminin-5 (Szelachowska et al., 2009). Lamin in normal conditions 
is expressed in the epithelial basement membrane and its expression increases with severity 
of the dysplasia and may regulate cell motility (Kainulainen et al., 1997; Décline & Roussel, 
2001; Décline et al., 2003, Lyons and Jones, 2007). This might explain the higher expression 
of MT-1/2 in tumours with the presence of lymph node metastases in comparison to 
tumours without lymph node involvement (Szelachowska et al., 2009). 

2.1.1.5 Chemoresistance 

As metallothionein isoforms were suggested to play a role in cancer cells chemoresistance, 
Nakano et al. studied the impact of cisplatin treatment of human tongue squamous cell 
carcinomas on MT expression (Nakano et al., 2003). These cells expressed the MT-1, MT-2 
and MT-4 isoforms, whereas no expression of MT-3 was noted. The subsequent treatment of 
the cells with cisplatin resulted in a significant increase of expression of only the MT-1 and 
MT-2 isoforms in cisplatin-resistant cells (Nakano et al., 2003). Role of MT-1/2 in OSCC 
chemoresistance was also issued in the work of Muramutsu et al., but no difference in  
MT-1/2 expression levels between the treated and untreated patients was noted 
(Muramutsu et al., 2000). 

2.1.2 Clinical implications of MT expression in OSCC 

Until now six studies (Table 1) investigated the impact of MT expression regarding patients 
clinicopathological characteristics (Muramatsu et al., 2000;  Cardoso et al., 2002; Lee et al., 
2008; Szelachowska et al., 2008; Cardoso et al., 2009; Szelachowska et al., 2009). All those 
studies were performed on archival paraffin blocks from patients whose cancers originated 
mainly from oral mucosa, but in some cases specimens from cancers of the mobile part of 
the tongue were included (Szelachowska et al., 2008; Szelachowska et al., 2009). In case of 
only one study three additional tumours from the maxilla region were investigated 
(Muramutsu et al., 2000). Except one study of Lee et al., a primary antibody directed against 
MT-1/2 isoforms was used. None of the mentioned studies showed correlations with 
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primary tumour size, grade of tumour differentiation and proliferation markers (Ki-67 and 
MCM-2). In three studies, a positive correlation was noted between lymph node 
involvement and the intensity of MT expression (Lee et al., 2008; Szelachowska et al., 2008; 
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on patients outcome, showed that elevated MT-1/2 expression in patients with OSCC was 
generally an unfavourable prognostic marker (Cardoso et al., 2002; Szelachowska et al., 
2008; Cardoso et al., 2009). In the study of Cardoso et. al., MT-1/2 cell positivity 
(cytoplasmic-nuclear staining) was counted and enrolled in the survival analysis. Univariate 
analysis, as well as multivariate analysis showed that MT-1/2 overexpression was an 
unfavorable prognostic factor in the studied patient cohort (Cardoso et al., 2002).   
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Patients 

28 OSCC 
and NPC; 3 
cancers of 

the maxilla 
region 

60 OSCC *34 OSCC 50 OSCC 39 OSCC 100 OSCC 

MT isoform MT-1/2 MT-1/2 MT-1 MT-1/2 MT-1/2 MT-1/2 
pT - - - - - NA 
pN - - + + cytoplasm + NA 

Grade of malignancy 
(differentiation) NA - - - - - 

Clinical stage NA - - not analyzed not 
analyzed - 

Survival NA poor 
prognosis NA *poor 

prognosis 
not 

analyzed 
*poor 

prognosis 

Proliferation (-) Ki-67 (-) Ki-67 NA (-) Ki-67,  
(-) MCM-2 

(-) Ki-67,  
(-) MCM-2 - 

Other markers NA NA NA NA (+) Laminin-
5 (+) p53 

Notes   *Areca quid 
consumers 

*shorter DFS 
and DSS in 

patients 
with high 
MT-1/2 

expression; 
lack of 

significant 
impact on 
SFLR and 

OS 

 

*combined 
high 

expression 
of MT-1/2 
and p53 on 

OS 

Abbreviations: SFLR – survival free of locoregional relapse; DFS – disease free survival;  
OS – overall survival; DSS – disease specific survival; NA – not analyzed 

Table 1. Summary of studies on MT expression with regard to patients clinicpathological 
characteristics. (-) represents lack of correlation or relationship between the analyzed 
variables, whereas (+) represents positive correlations.  
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A more detailed analysis of MT-1/2 expression on patients outcome was performed in the 
study of Szelachowska et al., where cytoplasmatic and nuclear MT-1/2 expressions were 
analyzed separately (Szelachowska et al., 2008). For the nuclear evaluation, cells showing 
positive reaction were counted, whereas, for the evaluation of cytoplasmatic reaction an 
immunoreactive score (IRS) of Remmele and Stegner based on evaluation of number of 
positive cells and the intensity of colour reaction took advantage (Remmele & Stegner, 1986). 
The authors noted a significant correlation between the cytoplasmatic and nuclear MT-1/2 
expression, but none of the evaluated types of the reaction correlated with tumour size, 
grade of malignancy or expression of both proliferation markers (Ki-67 and MCM-2). 
Interestingly, only in cases with lymph node involvement, a significant increase in MT-1/2 
expression was noted when compared to cases without lymph node involvement 
(Szelachowska et al. 2008). Also differences regarding patients survival differed among the 
both analyzed expression patterns. The univariate analysis showed that cases characterized 
by high cytoplasmatic MT-1/2 expression had a significantly shorter disease specific 
survival (DSS) and disease free survival (DFS), whereas cases with high nuclear MT-1/2 
expression had a significantly shorter DFS and tended to have also a shorter DSS, but this 
trend did not reach statistical significance. No impact of MT-1/2 expression in the 
cytoplasm or nucleus affected significantly patients overall survival (Szelachowska et al., 
2008). In another study of Cardoso et al., no influence on patients survival was observed, 
when MT-1/2 expression was analyzed alone. Interestingly, a combined analysis of this 
protein with p53 expression, showed that high expression of both these markers predicted 
poor outcome of patients with OSCC (Cardoso et al, 2009). Differences in the studies 
concerning lymph node involvement and patients survival, may by caused be heterogenous 
origin of specimens used in the study (Szelachowska et al., 2008; Szelachowska et al., 2009) 
In summary, the above mentioned studies highlight and underlie the potential role of MT-
1/2 expression in the development and tumour progression of OSCC. 

2.2 Metallothionein expression in normal salivary gland and its lesions 

MT were shown to be expressed in normal salivary glands as well as in benign and 
malignant tumours mainly in cells resembling the phenotype of myoepithelial cells 
(Sunardhi-Widyaputra et al., 1995; Gao et al., 1997; Hecht et al., 2002; Ogawa, 2003; Alves et 
al., 2007). As in the case of OSCC, the majority of studies concerning the role of MT 
expression in salivary glands were based on immunohistochemistry (Sunardhi-Widyaputra 
et al., 1995; Gao et al., 1997; Ogawa, 2003; Alves et al., 2007). 

2.2.1 Role of MT in salivary gland development 

MT seem to be involved in salivary gland development as shown in the studies of Hecht et 
al. (Hecht et al., 2002). It was found that MT is mainly the only upregulated family of genes, 
when human salivary gland (HSG) cells, derived from a human submandibular tumour, 
were cultured on a laminin-1 gel in different conditions. In gel cultures lamin-1 stimulates 
HSG cells to form acinar-like structures within 24-48 hours, whereas in the absence of 
laminin-1 in culture conditions results in a monolayer growth type. Also in microgravity 
culture conditions laminin-1 affects HSG cells growth by facilitating acini formation 
(Hoffman et al., 1998). It was seen that under laminin-1 culture conditions mRNA 
expression of three members of the MT family was significantly upregulated: MT-1F, MT-1B 
and MT-2. Subsequent immunostaining of these cells revealed a higher cytoplasmic  
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MT-1/2 expression in comparison to HSG cells cultured in the absence of laminin-1. An 
overexpression of MT-1F in HSG cells did not affect cell proliferation as compared to native 
and control mock-transfected cells, but MT-overexpressing cells were characterized by an 
augmented growth after addition of low concentrations of zinc and copper to the medium 
(Hecht et al., 2002). MT-overexpressing cells grew in aggregates, were larger and had more 
pronounced adhesive properties than the parental cells. Moreover, MT-overexpressing cells 
formed acini-like structures larger and faster. Despite the strong impact on cellular 
differentiation, MT-overexpression did not affect amylase expression or mucin production. 
Interestingly, when these cells were injected s.c. to nude mice, tumours formed by MT-
overexpressing HSG cells were significantly smaller and more differentiated than the 
tumours formed by the parental cells (Hecht et al., 2002). Although, no differences in cell 
proliferation were observed in vitro, tumours originating from MT-overexpressing cells 
seemed to have more mitotic cells in the tumour mass (Hecht et al., 2002). 

2.2.2 MT expression in normal salivary gland tissues and neoplasias 

Normal salivary glands and its tumours exert a broad expression of MT-1/2 in 
myoepithelial cells (Sunardhi-Widyaputra et al., 1995; Gao et al., 1997; Ogawa, 2003; Alves 
et al., 2007, Prasad et al., 2008). In the study of Sunardhi-Widyaputra et al., performed on 
21 benign and 4 malignant lesions of salivary glands, MT expression was compared with 
parathyroid hormone-related peptide (PTHrP) expression. In benign changes 
(pleomorphic adenoma, Warthin’s tumour), both these proteins were coexpresed. In 
myoepthelioma majority of the cells expressed MT, while few have shown PTHrP 
reactivity. In oncocytoma, peripheries of oncotytic islands showed MT expression, while 
only few oncotytic PTHrP positive cells were noted. In cases of mucoepidermoid 
carcinomas MT and PTHrP expression was the most heterogenous. MT positivity was 
seen in epithelial cells and  PTHrP in cyst-like structures and squamous cells (Sunardhi-
Widyaputra et al., 1995). Similar results regarding MT expression were noted by Gao et al. 
in myoepitheliomas and myoepithelial carcinomas (Gao et al., 1997). Although these 
studies did not quantified MT expression, they clearly showed that MT expression may 
vary in regard to tumour degree of differentiation with the most heterogenous expression 
in the most dedifferentieted and immature tumours (Sunardhi-Widyaputra et al., 1995; 
Gao et al., 1997). The results of these studies are also supported by the findings of Ogawa, 
which demonstrated MT expression in a subset of myoepithelial cells during salivary 
gland development (Ogawa, 2003). MT expression in myoepithelial cells of adenoid cystic 
carcinomas and polymporphous low-grade adenocarcinomas was also studied as a 
potential marker of differentiation of these two malignancies as they may pose problems 
in the pathological examination (Prasad et al., 2008). This study showed, that diffuse MT 
expression in combination with smooth muscle acitin, calponin and smooth muscle 
myosin heavy chain was strongly predictive for adenoid cystic carcinoma (Prasad et al., 
2008). MT expression in adenoid cystic carcinomas varied according to histological 
subtype (Alves et al., 2008). The most pronounced MT-1/2 staining was seen in solid and 
cribiform as compared to tubular subtypes of this tumour. This results support the results 
stemming from studies conducted on other malignanancies, showing that elevated MT-
1/2 expression is linked to patients poor clinical outcome (Dziegiel, 2004). High 
expression of MT-1/2 in solid and low in tubular subtypes, may partially explain their 
distinct clinical outcome (Nascimento et al., 1986; Perez et al., 2006; Alves et al., 2008). 
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3. Conclusion 
MT expression in OSCC seems to be of importance for the development and progression of 
these cancer type. Although the results of the clinical studies were not concordant (due to 
small sample size, heterogenous patient cohort) it is worth to mention that some of them 
noted a relationship between high MT expression and cancer cell metastasis and associated 
MT overexpression with poor patients outcome. Despite the few reports concerning MT 
expression in salivary glands and its lesions, one might consider MT as an interesting point 
of future research, mainly due to the impact of MT-1F expression on salivary tumour cells 
differentiation and growth. Nonetheless, further studies are needed to better characterize 
the role of MT expression on OSCC and tumours of the salivary glands. 
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1. Introduction 
The syndecan family is composed of four closely related proteins (syndecan-1–4) encoded 
by four different genes. Syndecan-1 binds cells via its heparan sulfate chains to a variety of 
components of the interstitial matrix, including types I, III and V collagen, fibrillar collagen, 
fibronectin and tenascin. In previous studies it has been noted that expression of syndecan-1 
correlates with malignancy in various tissues including uterine cervix and esophagus. 
Several reports on head and neck carcinoma have suggested that reduced expression of 
syndecan-1 is associated with the prognosis of such neoplasms. Anatomical location may 
influence the expression of syndecan-1 in squamous cell carcinoma (SCC), since previous 
studies examined this type of cancer in various tissue sites of the oral cavity. Also, previous 
reports evaluated the immunohistochemical positive ratio ignoring patterns of expression; 
nevertheless, immunoreaction to syndecan-1 was located only at the cell membranes, and 
not in the cytoplasm. No study has shown whether or not syndecan-1 is associated with 
mode of invasion, although invasion correlates to malignant behavior and prognosis. 

We investigated syndecan-1 immunoreactivity in primary SCC arising exclusively from the 
tongue, and the relationship between expression pattern of immunoreactivity and various 
clinico-pathological parameters was analyzed. Forty-three cases of SCC arising in lateral 
border of tongue were investigated. From the immunohistochemical staining pattern, the 
cases were divided into two groups based on expression of syndecan-1 at the supra-
peripheral cells of the tumor nest: Group A, completely or mainly positive; Group B, 
sporadically positive or negative. Most poorly differentiated SCC cases were classified into 
Group B (81.8%). The number of Group B cases in T1–2 was different from that in T3–4. The 
number of cases where syndecan-1 expression was reduced was much greater in T3–4, and 
represented the majority of Group B (86.7%). More than 80% of Grade 4D cases were in 
Group B (83.3%) based on the Yamamoto–Kohama criteria. These results indicate that 
reduction of syndecan-1 correlates to histological grading, tumor size and mode of invasion 
in tongue SCC.  

We also investigated the expression of syndecan-1 in oral cancer cell lines and tested 
whether transfection of an siRNA against human syndecan-1 affected the malignant 
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potential of these cells. Seven different human oral cancer cell lines (HSC2, HSC3, HSC4, 
Ca9-22, SAS, KB and BSC-OF) were used. In order to examine syndecan-1 function, siRNA 
was transfected into the cells, after which the cell growth rate and invasive ability were 
evaluated. QRT-PCR showed that syndecan-1 was expressed in Ca9-22 cells and that it was 
significantly higher (>10-fold) than in the other oral cancer cell lines. Transfection of 
syndecan-1 siRNA was carried out on Ca9-22 cells, which increased their growth rate 1.4-
fold above controls. The invasive ability of Ca9-22 cells treated with syndecan-1 siRNA was 
significantly higher (2-fold; n=5) than the controls. These results suggest that syndecan-1 
directly contributes to the growth and invasive ability of these cells. 

1.1 Syndecan 

Cell surface adhesion receptors bind cells to their extracellular matrix and couple such 
interactions with intercellular signaling mechanisms. It is apparent that alternations in cell 
adhesion can influence almost every stage of cellular transformation. The development of 
malignant epithelial neoplasm is associated with disruption of cell-to-cell and cell-to-matrix 
adhesion.  

Syndecans are family of heparan sulfate proteoglycan receptors that are thought to 
participate in both cell-to-cell and cell-to-matrix adhesion. The syndecans are composed of a 
core protein, to which sulphated and unbranched carbohydrate chains, glyosaminoglycans, 
are covalently attached. The core proteins contain an extracellular, a transmembrane and an 
intracellular domain, and their amino acid sequances are homologous, especially between 
the two last domains. The syndecans interact with extracellular matrix components, other 
cell surface components, and growth factors, including basic fibroblast growth factor 
(Hayashi et al., 1987; Inki et al., 1991). The syndecan family is composed of four closely 
related proteins; syndecan-1, syndecan-2 (fibroglycan), syndecan-3 (N-syndecan), and 
syndecan-4 (amphiglycan, ryudocan); encoded by four different genes. Syndecan-1 consists 
of a 310 amino acid long core protein in human, and is an 85-92 kDa type I integral 
membrane proteoglycan and binds cells via its heparan sulfate chains to a variety of 
components of the interstitial matrix, including types I, III and V collagen, fibrillar collagen, 
fibronectin and tenascin. The syndecan-1 also contains chondroitin sulfacte. The syndecan-1 
is thought to function as a matrix receptor that transduces information between the 
extracellular matrix and the inside of the cell (Inki et al., 1994; Sanderson et al., 1992). 
Syndecan-1 is expressed in distinct differentiation stages of normal lymphoid cells. During 
lymphocyte differentiation, syndecan-1 is expressed only when and where lymphoid cells 
interact with type I collagen  (Sanderson et al., 1989)., thus it occurs on the cell surface of B 
cells in the pre-B-cells stage and immature B cells, but is absent from matured B cells, and 
re-appears on plasma cells (Sebestyen et al., 1999). Sydecan-1 may mediate the adhesion of 
lymphoid cells to bone marrow matrix and to the interstitial matrix of peripheral lymphoid 
organs. The most abundant expression of syndecan-1 in the adult organism is found in 
stratified squamous epithelia, such as epidermis, oral mucosa and vagina. Syndecan-1 is 
found on basolateral surfaces of the epithelial cells, endothelial ells of sprouting capillaries 
and embryonic condensing mesenchymal cells (David et al., 1993; Sanderson et al., 1989).  In 
normal tongue tissue, the basal, supra-basal and lower prickle cell layers of the epithelium 
were immunohistochemically positive for syndecan-1, and positive reactions were usually 
distinct on the cell surfaces (Figure 1a, 1b). The cell membrane facing the basement 
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membrane was essentially negative for syndecan-1 staining. The upper prickle cell and 
superficial layer of the epithelium lacked syndecan-1 reactivity. However, obvious matrix 
ligands for syndecan-1 are not found within these tissues. Therefore, syndecan-1 may have 
different functions in stratified epithelia.  

 
Fig. 1. Immunohistochemical expression pattern of syndecan-1 in normal tongue epithelium. 
(a) Syndecan-1 expression in the normal tongue. In normal tissues, the basal, suprabasal and 
lower prickle cell layers of the epithelia are positive for syndecan-1. (b) Higher 
magnification of (a). The cell membrane facing the basement membrane is essentially 
negative for syndecan-1. The upper prickle cell and superficial layers of the epithelia lacked 
syndecan-1 reactivity. 

Intracellular tail of syndecan seems to combine the cytoskeleton and cellular components, 
and the extracellular part of the molecule seems to bind different ligands. Presumably, 
syndecan-1 plays an important role in cellular functions such as proliferation, cell-to-matrix 
and cell-to-cell adhesion (Gattei et al., 1999). Interaction of cells and extracellular matrix is 
important in the maintenance of normal cell architecture and growth, but is especially 
highlighted during embryonic development involving morphogenetic interactions between 
different cell types. The expression of syndecan-1 is developmentally highly regulated in a 
fashion which suggests that syndecan-1 is one of the molecules that participate in reciprocal 
morphogenetic interactions during embryonic development (Vainio et al., 1991). During 
mouse tooth development, syndecan-1 is induced by primitive dental epithelium in 
condensed mesenchyme, but later disappears and becomes localized again in the epithelial 
cells (Thesleff et al., 1996). Although there have been many investigations, the function of 
syndecan isbeen still largely unknown. 



 
Oral Cancer 

 

362 

1.2 Syndecan-1 in cancer 

In previous studies it has been noted that reduced expression of syndecan-1 correlates to 
malignancy in various tissues including uterine cervix (Inki et al., 1994; Rintala et al., 
1999), endometrium (Miturski et al., 1998), esophagus (Mikami et al., 2001), breast 
(Barbareschi et al., 2003), lung (Anttonen et al., 2001), kidney (Gokden et al., 2006), liver 
(Charni et al., 2009), multiple myeloma (Sebestyen et al., 1999). These earlier reports 
showed that syndecan-1 expression was reduced during malignant transformation of 
various epithelia (Inki and Jalkanen, 1996). Syndencan-1 was also lost rapidly by myeloma 
cells entering into apoptosis, thus syndecan-1 is a marker of viable myeloma cells 
(Jourdan et al., 1998). Many immunohistochemical studies have demonstrated absent or 
decreased expression of syndecan-1 in many kinds of carcinomas with more aggressive 
characteristics (Fujiya et al., 2001; Inki et al., 1994; Kumar-Singh et al., 1998; Matsumoto et 
al., 1997; Stanley et al., 1999; Toyoshima et al., 2001; Wiksten et al., 2000; Wiksten et al., 
2001). There are several reports on syndecan-1 expression in head and neck carcinoma 
(Anttonen et al., 1999; Inki et al., 1994; Kurokawa et al., 2003; Kurokawa et al., 2006; 
Muramatsu et al., 2008; Ro et al., 2006). However, head and neck carcinoma includes oral, 
nasal, laryngeal and esophageal carcinomas, and investigation of syndecan-1 expression 
in oral cancer has been limited. 

1.3 Syndecan-1 in oral cancer 

Oral cancer is the fifth most common type of cancer in the world. Despite modern 
intervention, the 5-year survival rate for this disease has improved only marginally over 
the past decade and recurrent disease is observed in 50% of patients (Greenlee et al., 2001). 
Survival curves of oral cancer patients have plateaued over the past two decades and 
remain among the worst of all cancer sites (Takes et al., 1997). Recent studies in this field 
have focused on the development of specific markers that reflect the biological properties 
of tumors and have use in early detection, disease monitoring and determining the 
prognosis of patients with oral cancer (Alevizos et al., 2001; Le et al., 2003; Macabeo-Ong et 
al., 2003).  

Syndecan-1 has been reported to be a prognostic factor for tumor progression and survival 
in various types of malignant tumors, which suggests a close correlation of syndecan-1 
expression with malignancy and metastasis (Inki et al., 1994; Kurokawa et al., 2006). In 
general, transformed cells are often characterized by an abundant secretion of syndecan-1, 
which results in metastasis formation (Senger et al., 1983; Senger and Perruzzi, 1985). Earlier 
studies associated syndecan-1 levels with prognosis and have suggested syndecan-1 as a 
candidate biomarker for the malignant potential of head and neck tumors.  

It has been reported that a marked down-regulation of syndecan-1 expression is 
associated with dysplastic change in the oral epithelium. Kurokawa et al. (2003) also 
found a significant correlation between the down-regulation of syndecan-1 expression 
and the grade of oral epithelial dysplasia. Down-regulation has also been reported in 
SCCs of the head and neck compared to expression in the corresponding normal 
epithelium (Soukka et al., 2000), suggesting that syndecan-1 was a useful marker for 
evaluating pre-malignant lesions of the head and neck region. In head and neck tumors, 
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Soukka et al. (2000) reported that 65% of oral SCC cases showed negative or weak staining 
for syndecan-1, of which 35% were totally negative. In our study, 36 of the 72 cases (50%) 
were negative or weakly intense for syndecan-1 expression. Inki et al. (1991) and Soukka et 
al. (2000) reported that intermediate and strong positive staining for syndecan-1 was 
localized on cell surfaces, especially in cell–cell contact sites. Moreover, Inki et al.(1994) 
demonstrated that syndecan-1 expression was associated with tumor size and histological 
grade, and tumors with a poor histological grade expressed syndecan-1 at lower levels.  
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head and neck cancer. However, evaluation is different in various studies. For example, 
anatomical location may influence the expression of syndecan-1 in SCC, since previous 
studies examined this type of cancer in various tissue sites of the oral cavity such as tongue, 
maxillary gingiva, mandibular gingiva, oral floor, and buccal mucosa. Also, previous 
reports evaluated the immunohistochemical positive ratio ignoring patterns of expression; 
nevertheless, immunoreaction to syndecan-1 was located only at the cell membranes, and 
not in the cytoplasm.  
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reported as negative, weakly positive or positive in previous studies (Kurokawa et al., 
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of the immunostaining (Anttonen et al., 1999; Inki et al., 1994). Nevertheless, 
immunoreaction to syndecan-1 was located only at the cell membranes, and not in the 
cytoplasm of the tumor cells. The evaluation method shown in these earlier reports was 
vague and not objective. Ro et al. (2006)used a new method based on the pattern of 
immunostaining for syndecan-1. The method was focused on reduced patterns of 
syndecan-1 in the supra-peripheries, because recent studies had showed that reduction of 
syndecan-1 expression was associated with proliferative activity (Ki-67 
expression)(Kurokawa et al., 2003). Both Ki-67 and syndecan-1 are localized in cells of the 
supra-basal layer as well, and this was evaluated. This method is considered to be more 
objective and exact for evaluation than that used in previous studies, because it estimates 
immunoreactivity restricted to the supra-peripheries of the tumor nests. 

From the patterns of immunohistochemical staining, the cases were divided into two groups 
according to the expression of syndecan-1 as follows. Group A: complete or mostly 
surround type. Syndecan-1-positive reactions were observed at the supra-peripheral cell 
layers of the tumor nest without break, or loss of syndecan-1 was seen at within 50% of the 
supra-peripheral cell layer of the tumor nest (Figure 2a-d). Group B: sporadic expression or 
negative type. Immunoreactions with syndecan-1 at the supra-peripheral cell layer of the 
tumor nests were sporadically reduced. Loss of syndecan-1 was seen in 50% or more of the 
cells (Figures 2e-h). In SCC, positive reactivity for syndecan-1 was usually detected at the 
supra-periphery of the tumor nests. We divided the cases into two groups according to their 
immunoreactivity, and the number of cases was 18 (41.8%) in Group A and 25 (58.2%) in 
Group B. 
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Fig. 2. Immunohistochemical expression pattern of syndecan-1 in SCC of the tongue. 
We divided pattern of immunohistochemical staining into 2 groups according to the 
expression of syndecan-1 at periphery of the tumor nest. Group A: Completely (a) or mostly 
(b) surrounded type. Staining surrounds the tumor nests without a break (a, c). Loss of 
syndecan-1 staining surrounding the tumor nests is found within 50% of the cells (b, d). 
Figure (c) and (d) are scheme of figure (a) and (b), respectively. Group B: Sporadically 
expression (e) or negative type (f). Loss of syndecan-1 surrounding the tumor nests is seen 
in 50% or more than of the cells (e-h). Syndecan-1 expression is weak (e) or completely 
negative (f). Figures (g) and (h) are scheme of figure (e) and (f), respectively. 
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1.5 Syndecan-1 expression and clinical parameters 

Some investigators demonstrated that syndecan-1 immunoreactivity in primary SCC arising 
exclusively from the head and neck, especially from the oral cavity, and the relationship 
between expression pattern of immunoreactivity and various clinico-pathological 
parameters such as Tumor-Node-Metastasis (TNM) system and histological grading of the 
differentiation of SCC, was analyzed.  
 

  Group A  Group B   
  % (n) % (n)   

Histological grade       
well 50.0 (12) 50.0 (12) N.S. 
moderately 50.0 (4) 50.0 (4) N.S. 
poorly 18.2 (2) 81.8 (9) * 

        
Tumor size       

T1 – 2  57.1 (16) 42.9 (12) N.S. 
T3 – 4  13.3 (2) 86.7 (13) * 

        
Stage       

stage I – II  50.0 (7) 50.0 (7) N.S. 
stage III – IV  37.9 (11) 62.1 (18) N.S. 

        
Mode of invasion        

Grade 1 50.0 (1) 50.0 (1) N.S. 
Grade 2 54.5 (6) 45.4 (5) N.S. 
Grade 3 40.0 (6) 60.0 (9) N.S. 
Grade 4C 37.5 (3) 62.5 (5) N.S. 
Grade 4D 16.7 (1) 83.3 (5) * 

        
Invasion depth       

0 – 3 mm 27.3 (3) 72.7 (8) * 
3 – 6 mm 33.3 (5) 66.7 (10) N.S. 
6 – 9 mm 62.5 (5) 37.5 (3) N.S. 
9 mm –  50.0 (5) 50.0 (5) N.S. 

        
Lymph node metastasis       

pN0 35.7 (5) 64.3 (9) N.S. 
pN1 40.0 (4) 60.0 (6) N.S. 

N.S.: not siginificant 
*: statistically significant (p<0.01) 

Table 1. Correlation between reduction of syndecan-1 and clinicopathological parameters 
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Ro et al., (2006) investigated forty-three cases of SCC arising in lateral border of tongue (Table 
1). For histological grade, a reduction in syndecan-1 staining was apparent in poorly 
differentiated SCC (81.8%), while in well or moderately differentiated SCCs, there was no 
difference. Regarding tumor size, the number of sporadically positive or negative syndecan-1 
cases in T1 or T2 SCC was different from that in T3 or T4. Reduction in syndecan-1 expression 
was dramatically greater in T3 and T4, and such cases represented the majority of negative 
syndecan-1 cases (86.7%). Concerning stage, the incidence of syndecan-1-negative cases in 
stages I and II was different from that in stages III and IV. Sixty-two percent of stages III and 
IV cases were in of negative syndecan-1 cases, suggesting that advanced SCC shows greatly 
reduced expression of syndecan-1. However, there was no correlation between reduction of 
syndecan-1 and depth of invasion or lymphatic metastasis. The results of the earlier studies 
(Inki et al., 1994; Kurokawa et al., 2006; Ro et al., 2006) suggest that reduction of syndecan-1 
expression is correlated with tumor size, histological grade and mode of invasion in SCC of 
tongue as well as other body sites (Anttonen et al., 2001; Kumar-Singh et al., 1998), but is not 
associated with lymph-node metastasis and depth of invasion, which are accurate predictors 
of clinical outcome. There has been controversy regarding the relationship between lymphatic 
metastasis and syndecan-1 expression. Anttonen et al. (1999) noted that strong syndecan-1 
expression was associated with lack of lymph-node metastasis, but Inki et al. (1994) 
demonstrated that there was no association between syndecan-1 expression and the presence 
of cervical node metastasis, the results of the present study being in agreement with Inki et al. 
(1994). It is proposed that while syndecan-1 may be a useful candidate biomarker,  it is not an 
accurate predictor of clinical outcome in SCC of tongue. 

1.6 Syndecan-1 on oral SCC invasion 

Oral cancer is characterized by a high degree of invasion into local tissues. The mode of 
invasion of the malignant tumor is an important factor in predicting prognosis, and has 
been studied in head and neck tumors in particular (Jakobsson et al., 1973; Yamamoto et al., 
1983). Recent evidence suggests that cells present at the invasive tumor front of carcinomas 
have different molecular characteristics compared with those in superficial areas of the 
tumor, making the invasive front the most important area of the tumor for determining the 
prognosis (Bryne et al., 1989; Bryne, 1991; Bryne et al., 1992). Bryne et al. ( 1995) described a 
multiple-factor histological grading system of the invasive front of tumors of the head and 
neck: it consisted of the pattern of invasion, the degree of keratinization, nuclear 
polymorphism, and the host response. Kearsley and Thomas (1993) reported a strong 
correlation between total malignancy grading scores based on several pathological 
parameters and the prognosis in oral SCC. Kurokawa et al. (2006) evaluated the association 
between the loss of syndecan-1 expression and the histological grade of malignancy at the 
deep invasive front in oral SCC using the method of Bryne et al. (1992). and reported a 
statistically significant correlation between the down-regulation of syndecan-1 expression 
and prognosis, differentiation and pattern of invasion at the deep invasive front in oral SCC 
(Kurokawa et al., 2006).  

On the other hand, there has been reported classification on mode of invasion by Yamamoto et 
al. (1983), named as Yamamoto–Kohama's criteria (Table 2). They have been widely utilized 
and considered useful for estimating risk factors (Yamamoto et al., 1983). The Grade 4C oral 
SCC is charaterized by a cord-like, diffuse, deep invasion forming cord-shaped micro-tumor 
nests. Grade 4D oral SCC invades the deeper portion diffusely as a single cell or a few cells. 
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The study by Ro et al. (2006) employed Yamamoto–Kohama's mode-of-invasion criteria, and 
the correlation between mode of invasion and reduction of syndecan-1 expression was 
demonstrated by diffuse invading SCC having only faint expression of syndecan-1. More than 
70% of Grades 4C and 4D were classified into syndecan-1 reduced or negative cases (71.4%) 
according to Yamamoto–Kohama's criteria. Expression of syndecan-1 has been known to 
suppress the level of matrix metalloproteinase (MMP)-9 and to inhibit cell invasion into type I 
collagen (Kaushal et al., 1999; Liebersbach and Sanderson, 1994). Syndecan-1 is degraded by 
heparanase (Reiland et al., 2004), and mode of invasion is associated with MMPs (P et al., 2001) 
and heparanase activity (Ikebe et al., 1999). These reports suggest that reduced expression of 
syndecan-1 is strongly associated with the mode of invasion. 

 
Grade 
1. Well-defined borderline 
2. Cords, less marked borderline 
3. Groups of cells, no distinct borderline 
4. Diffuse invasion 

4C: Cord-like type 
4D: Widespread type 

Yamamoto–Kohama's classification (1983) 

Table 2. Histological grading of mode of invasion 

2. Studies in oral cancer cells 
Recent in vitro studies have indicated that syndecan-1 plays a role in inhibiting cell invasion 
and suppressing the growth of carcinoma cell lines (Ito et al., 2003; Liebersbach and 
Sanderson, 1994; Liu et al., 1998; Mali et al., 1994).  

Our earlier study showed that the reduction of immunoreactivity for syndecan-1 in oral SCC 
cells was associated with tumor size, suggesting that syndecan-1 contributes to their 
malignant behavior including changes in growth and invasive ability (Ro et al., 2006). A 
reduction of syndecan-1 expression was associated with proliferative activity (Ki-67 
expression) (Kurokawa et al., 2003). Furthermore, Su et al reported that shedding of 
syndecan-1 by stromal fibroblasts stimulated the proliferation of human breast cancer cells 
via activation of FGF2 (Su et al., 2007). However, expression levels and function(s) of 
syndecan-1 in oral cancers have not been clarified. Muramatsu et al., (2008) investigated the 
expression of syndecan-1 in oral cancer cell lines and tested whether transfection of an 
siRNA against human syndecan-1 affected the malignant potential of these cells. Seven 
different human oral cancer cell lines (HSC2, HSC3, HSC4, Ca9-22, SAS, KB and BSC-OF) 
were used. In order to examine syndecan-1 function, siRNA was transfected into the cells, 
after which the cell growth rate and invasive ability were evaluated. To validate the high 
expression levels of syndecan-1 in human oral cancer cell lines, QRT-PCR was carried out. 
Based on the ΔΔCt relative to KB cells, the relative expression levels of syndecan-1 mRNA in 
oral carcinoma cell lines were calculated. Several cell lines showed expression of syndecan-1 
at high levels. In particular, syndecan-1 was expressed in Ca9-22 cells at a higher level (13.2-
fold) than in KB cells. Immunofluorescence analysis showed that positive reactions for 
syndecan-1 were observed strongly at the cell membrane of Ca9-22 cells, while diffuse faint 
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dot reactions were seen in KB cells. Based on those QRT-PCR and immunofluorescence 
results, we used Ca9-22 cells as a model for high expression of syndecan-1 as a model cell 
line. In order to characterize the effects of syndecan-1 siRNA, we carried out QRT-PCR 
analysis using mRNAs from non-transfected (control) and from transfected Ca9-22 cells. 
After 48 h of incorporation, decreased expression (1/10-fold) of syndecan-1 was seen in the 
siRNA-transfected cells, suggesting that siRNA blocked syndecan-1 expression very efficiently 
in Ca9-22 cells. Cell growth. To examine whether syndecan-1 is associated with cell growth, 
the growth of siRNA-transfected cells and control cells was measured. Ca9-22 cells had 
increased growth after syndecan-1 siRNA transfection. The numbers of siRNA-transfected 
Ca9-22 cells and control cells at 48 h were 6.0x105 and 4.1x105, respectively and at 72 h  
were 11.8x105 and 8.0x105, respectively. The cell growth rate of control cells was lower  
than the siRNA-transfected cells at 48 and at 72 h, and were significantly different at both time 
points (p<0.01). Invasion assay. To examine the effect of syndecan-1 on the invasive ability of 
Ca9-22 cells, a Matrigel assay was used. The numbers of invasive siRNA-transfected and 
control Ca9-22 cells were 718.4 per mm2 and 378.8 per mm2 (average), respectively, which  
was significantly higher (p<0.01) (Figure 3). Our results show that the reduction of syndecan-1 
function by siRNA leads to higher levels of cell proliferation, which suggests that syndecan-1 
is directly associated with cell proliferation. Furthermore, cell migration has been reported  
to influence invasiveness and to be an important factor in the incidence of metastasis.  

 

 
Fig. 3. Invasion assay. 
The Matrigel assay was used to investigate the effects of syndecan-1 on the invasive ability 
of Ca9-22 cells. The number of invading cells was significantly higher in the siRNA-
transfected group (* P<0.01). 

Moreover, the invasive ability of tumors is closely related to the incidence of metastasis and 
the prognosis of the disease. As shown in previous studies, reduced expression of syndecan-1 
correlates with metastasis of various tumors. There have been only a few studies that showed 
a correlation between syndecan-1 and invasion in oral cancers, but there has been no previous 
functional study of syndecan-1 using an oral cancer cell line. Therefore, we examined whether 
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syndecan-1was associated with the invasive ability of Ca9-22 cells. Our results show that 
invasiveness increased when syndecan-1 function was blocked in siRNA-transfected Ca9-22 
cells. The expression of syndecan-1 is known to suppress the level of matrix metalloproteinase 
(MMP)-9 and to inhibit cell invasion into type I collagen (Kaushal et al., 1999; Liebersbach and 
Sanderson, 1994). Moreover, syndecan-1 can be degraded by heparanase (Reiland et al., 2004), 
and invasion is associated with MMPs ( O-Charoenrat et al., 2001), and heparanase activities 
(Ikebe et al., 1999). The syndecan-1 siRNA may induce MMPs and heparanase activity and 
thus reduce the expression of syndecan-1 in Ca9-22 cells. 

3. Conclusion 
The results of earlier studies, taken together with our studies, suggest that syndecan-1 is a 
candidate for being a useful biomarker, but is not an accurate predictor of clinical outcome 
in oral SCC, and directly contributes to the growth and invasive ability of oral cancer cells. 
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1. Introduction 
Squamous cell carcinoma of the oral cavity is one of the most prevalent tumors of the head 
and neck region. Despite an ever-expanding fund of knowledge regarding the etiology and 
pathophysiology of malignant neoplasms, oral squamous cell carcinoma (OSCC) continues 
to be a disfiguring and deadly disease. For patients with squamous cell carcinoma of the oral 
cavity or oropharynx, the 5-year survival is a dismal 56%, which has remained relatively 
unchanged in recent years (Davis et al., 2010). This poor prognosis reflects the fact that most 
patients present with advanced-stage disease, often making a complete cure a seemingly 
unattainable goal. In fact, just 46% of oral cavity and 16% of oropharyngeal cancers are 
diagnosed when there is only local disease (Davis et al., 2010). Despite recent improvements 
in therapeutic approaches, treatment failure takes the form of local and regional recurrences, 
but as disease control in these areas improves OSCC treatment failures more commonly 
occur as distant metastasis. Metastatic behavior is critical to survival, since patients with oral 
carcinomas that have distant disease have a five-year survival rate that is three times less 
than that of patients with spread to lymph nodes (Singh and Shah, 2003).  

OSCC displays a wide range of metastatic behavior that cannot be predicted by tumor size, 
standard histology, or even individual gene or protein expression/activity (Singh and Shah, 
2003). Despite the clinically obvious heterogeneity of OSCC, there are currently no means of 
predicting individual tumor behavior (Myers, 2010). Even small primary tumors of the oral 
cavity have a propensity to metastasize to cervical nodes, mandating that the majority of 
patients, even those with no clinical or radiographic evidence of nodal metastases, undergo 
some form of neck treatment either for staging or therapeutic purposes. Accurate prediction 
of metastasis in OSCC would have an immediate clinical impact through avoidance of 
unnecessary treatment of patients at low risk with appropriate direction of resources toward 
aggressive treatment of patients at high risk of having metastatic disease. Additionally, 
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elucidation of key pathways and molecular mechanisms in tumor metastasis may direct 
therapeutic investigation and intervention. 

Loss of epithelial morphology and acquisition of mesenchymal characteristics, termed the 
epithelial-to-mesenchymal transition (EMT), are typical for carcinoma cells during tumor 
progression and correlate with the local invasiveness and metastatic potential of the tumor 
(Birchmeier et al., 1996; Hollier et al., 2009). Cancer metastasis follows a sequential series of 
events, and many of the critical steps are distinctly similar to EMT-like transformations that 
occur during normal embryonic development. Recently, it was proposed that carcinoma 
cells, especially in metastatic sites, could acquire the mesenchymal-to-epithelial reverting 
transition (MErT) in order to adapt the microenvironments (Baum et al., 2008). This chapter 
explores the current status of investigations into the EMT/MErT transformations during the 
OSCC progression and the potential of these studies to positively impact the clinical 
management of OSCC in the future. The promise of using biomarker-based treatment 
decisions has yet to be fully realized given our limited understanding of the biology of 
metastatic spread in OSCC. 

EMT describes a process in which epithelial cells undergo alterations in cellular architecture 
(lose of their characteristic epithelial polarity), adhesion (disassemble of cell-cell junctions), 
morphology (assuming a fibroblastoid mesenchymal morphology) and acquisition of 
migratory and invasive capabilities (Iwatsuki et al., 2010; Maeda et al., 2005; Thiery, 2002; 
Wells et al., 2008). EMT has been postulated as a versatile mechanism which facilitates 
cellular repositioning and redeployment during embryonic development, tissue 
reconstruction after injury, carcinogenesis, and tumor metastasis (Boyer et al., 2000; Roussos 
et al., 2010). In this context, EMT, a process first appreciated by developmental biologists, is 
attracting increasing attention from oncologists. Tumors are often viewed as corrupt forms 
of normal developmental processes (Thiery et al., 2009). Indeed, genes that are important in 
embryonic development are frequently found to be culprits in cancer. Conversely, genes 
discovered for their oncogenic role are often found to be key players in embryogenesis 
(Yang et al., 2008). This trend applies to the steps that initiate tumor formation. It also 
applies to the cross-talk with the inflammation (Lopez-Novoa and Nieto, 2009; Yadav et al., 
2011) as well as to the steps that mediate tumor progression, including local invasion, 
intravasation into circulation and, most devastatingly, metastatic development through the 
establishment of secondary growths at sites distant from the primary tumor (Iwatsuki et al., 
2010; Kalluri and Weinberg, 2009). There is good evidence that EMT gives rise to the 
dissemination of single carcinoma cells from the sites of the primary tumors (Wellner et al., 
2009; Wu and Yang, 2011). More generally, it has been postulated that EMT might be 
involved in the dedifferentiation program that leads to malignant carcinoma. Some authors 
highlight the concept of altered differentiation program leading to the loss of type-specific 
epithelial differentiation markers and/or expression of typical mesenchymal-type proteins 
(Thiery, 2002). The typical example is a dedifferentiated epithelial cancer showing loss of 
cytokeratins and acquisition of mesenchymal markers such as Snail1, vimentin and/or 
fibronectin. Among many others, commonly used molecular markers for EMT include 
increased expression of N-cadherin and vimentin, nuclear localization of β-catenin, and 
increased production of the transcription factors such as Snail1 (Snail), Snail2 (Slug), Twist, 
EF1/ZEB1, SIP1/ZEB2, and/or E47 that inhibit E-cadherin production. Phenotypic markers 
for an EMT include an increased capacity for migration and three-dimensional invasion, as 
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well as resistance to anoikis/apoptosis. Recent research conducted in embryonic model 
system and in normal and transformed cell lines has identified several signal-transduction 
pathways for EMT, and has examined the roles of a number of growth factors in inducing 
EMT (Said and Williams, 2011). Recent studies have focused on better understanding the 
role of cancer stem cells in EMT as it relates to tumor progression in general (Alison et al., 
2010; Fuxe et al., 2010; Martin and Cano, 2010; Raimondi et al., 2011; Takahashi et al., 2010) 
and to oral, head and neck cancer in particular (Chen et al., 2011; Davis et al., 2010; Lo et al., 
2011). In this review, only few of the most important EMT players are discussed with 
respect to other critical mediators and within most common pathways that promote the 
phenotypic transformation. It is important to note that individual players do not work in 
isolation – there is extensive crosstalk between pathways, and the effect of a given inducer 
on EMT seems to be contextual. 

Deregulation of several other pathways has been implicated in EMT (Boyer et al., 2000). To 
name only few, transforming growth factor-β (TGF-β), epidermal growth factor (EGF) 
family members, fibroblast growth factors (FGF), hepatocyte growth factor (HGF), and 
insulin-like growth factor (IGF) have all been shown to induce EMT in an autocrine or 
paracrine manner (Baum et al., 2008). TGF-β was the first EMT inducer described in normal 
mammary epithelial cells by signaling through its receptor serine-threonine kinase complex 
(Fuxe et al., 2010). It remains the main and the best-characterized inducer of EMT phenotype 
in a variety of biological and patho-physiological conditions. TGF-β has an important tumor 
suppressor function at the early stage of tumorigenesis by inducing apoptosis and cell cycle 
arrest. However, it acts as a positive modulator of tumor progression in the late phase of 
tumorigenesis. This tumor promotional function of TGF-β, which is consistent with its EMT-
induction activity, plays an important role in tumor progression including invasion and 
metastasis (Fuxe et al., 2010). Recent evidence indicates that the underlying mechanism of 
the prognostic value of Smad (2 and 6) for overall survival in OSCC patients is the aberrant 
TGF-β signaling (Mangone et al., 2010). Disruption in TGF-β induced Smad signaling occur 
during induced hamster buccal-pouch squamous cell carcinogenesis (Chen et al., 2011). 
Furthermore, the inhibition of TGF-β pathway in normal human oral keratinocytes leads to 
suppression of Bmi1-mediated cell senescence (Kim et al., 2010). TGF-β also seems to play 
an important role in the bone invasion by OSCC cells (Goda et al., 2010) as well as in the 
metastatic dissemination of salivary adenoid cystic carcinoma (Dong et al., 2011). Being a 
major inducer of EMT, TGF-β is able to regulate the activation of other signaling pathways 
besides establishing a hierarchical gene network. TGF-β-mediated signaling during EMT 
involves both gene expression-dependent and -independent pathways (Said and Williams, 
2011). TGF-β cooperates with Wnt, Hedgehog, Notch and Ras signaling pathways to induce 
complete EMT. EMT signaling pathways have many common endpoints and E-cadherin is a 
central target (Thiery and Sleeman, 2006). 

Loss of E-cadherin: E-cadherin is emerging as one of the caretakers of the epithelial phenotype 
with critical roles in adherens junctions and desmosomes (Garrod et al., 1996; Papagerakis et 
al., 2009). Our groups have devoted a large number of studies on the cadherin/catenin 
mediated adhesion in oral carcinogenesis (Lo Muzio et al., 2005; Lo Muzio et al., 2004; Lo 
Muzio et al., 2002; Lo Muzio et al., 1999; Pannone et al., 1998; Papagerakis et al., 2011; 
Papagerakis et al., 2004; Papagerakis et al., 2009) Among the mechanisms largely associated 
with the metastatic conversion of epithelial cells and the EMT, the loss of E-cadherin-
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mediated cell adhesion is prominent; overall there is a trend towards a loss of E-cadherin 
during carcinoma progression including the OSCC (Huber et al., 2011). E-cadherin 
production is maintain in most differentiated tumors including carcinomas of the head and 
neck, but there seems to be an inverse correlation between E-cadherin levels and patient 
survival (Hirohashi, 1998; Kaur et al., 2009; Nguyen et al., 2011). In most cases, down-
regulation of E-cadherin during OSCC carcinoma progression occurs by epigenetic 
mechanisms, including transcriptional repression and promoter hypermethylation (Kudo et 
al., 2004). Occasionally, the E-cadherin gene is mutated leading to the absence or to the 
expression of a non-functional protein (Berx et al., 1995; Yoshimura et al., 1996), however no 
mutations have been reported in OSCC. In vitro, there is a direct correlation between the 
lack of E-cadherin production and loss of epithelial phenotype (Behrens et al., 1989). 
Acquisition of the mesenchymal phenotype has been also associated with invasive behavior 
in vitro in three-dimensional collagen gels and hearts explants (Chen and Obrink, 1991) and 
the partial or complete reversal of the invasive mesenchymal phenotype was observed if E-
cadherin is constitutively produced (Behrens et al., 1991; Kim et al., 2000; Vleminckx et al., 
1991). Recently, it was proposed that carcinoma cells, especially in metastatic sites, could 
acquire the mesenchymal-to-epithelial reverting transition (MErT) in order to adapt the 
microenvironments and re-expression of E-cadherin be a critical indicator of MErT (Baum et 
al., 2008; Wells et al., 2008). Among E-cadherin repressors counts Snail, considered a “master 
gene” in the conversion from the epithelial to fibroblastic state, and a closely related 
member of the same family, Slug, both detected at sites of EMT in vertebrates (Nieto et al., 
1994). Carcinoma cell lines that lack E-cadherin produce significant amounts of Snail, and 
the transfection of E-cadherin-positive lines with Snail results in the induction of EMT and 
the expression of mesenchymal markers (Batlle et al., 2000; Cano et al., 2000). There seems to 
be a causal link between the production of these transcriptional repressors and the down-
regulation of E-cadherin during tumor progression. Snail expression was inversely 
correlated with E-cadherin expression in a number of cancers including OSCC (Batlle et al., 
2000; Cano et al., 2000; Takkunen et al., 2006; Yokoyama et al., 2001). Transcriptional 
repressors of the E-cadherin gene are activated downstream in these pathways, leading to 
the loss of the epithelial phenotype. Given that in most advanced human tumors including 
OSCC, the loss of E-cadherin might be incomplete, with foci of E-cadherin-positive 
carcinoma cells mingling with negative areas, along with E-cadherin detection in metastatic 
tumors, it may suggest that rather than a single-gene control it could be more likely a 
general mechanism that is associated with the dedifferentiation program in which E-
cadherin is lost. It is important to note that the immunohistological detection of E-cadherin 
within the positive tumoral foci is not necessarily indicative of a normal function of the 
protein; additional investigations are required to asses its functionality even in the presence 
of an apparent normal cellular distribution. In vivo evidence of EMT in tumors can be 
difficult to obtain due to the transient nature of the EMT process and may require combined 
immunohistochemical staining for several EMT markers. The loss of E-cadherin in normal 
epithelial cells and more importantly in carcinoma cells might deregulate cell growth, 
suggesting that in addition to contributing to the maintenance of the differentiation 
program, E-cadherin might also regulate cell proliferation, via activation of the Fos 
oncogene (Eger et al., 2000; Reichmann et al., 1992) or by altering the ß-catenin 
transcriptional activity through the Wnt signaling pathway (Gottardi et al., 2001; Stockinger 
et al., 2001). 
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Cadherin switching: Aberrant N-cadherin expression and E-cadherin/N-cadherin switching 
(EN-Switch) have been involved in EMT. They represent an independent prognostic marker 
in cancer progression; this concept has been well documented in gastric, prostate and oral 
carcinomas (Gravdal et al., 2007; Kim et al., 2009; Liu et al., 2010). Furthermore, some studies 
demonstrate that cadherin switching is necessary for increased motility but it is not required 
for the morphological changes that accompany EMT (Maeda et al., 2005) therefore, 
immunohistochemical detection should be performed in order to detect EN-Switch and the 
consequent EMT in oral cancer. 

Wnt signaling: Our groups have a particular interest in WNT/ ß-catenin pathway (Lo Muzio 
et al., 2002; Pannone et al., 2010; Papagerakis et al., 2011). Dysregulation of the Wnt pathway 
via ß-catenin is a frequent event in EMT involved in the pathogenesis of several human 
cancers. In OSCC its roles still remain unclear. Although it is evident that constitutive 
activation of the Wnt / ß-catenin is frequently observed in oral cancer progression, only 
infrequent mutations have been found in genes encoding various components of this 
pathway that are commonly mutated in other cancers (adenomatous polyposis coli APC, 
(Kok et al., 2002); Axin, (Iwai et al., 2005; Rui et al., 2007); no ß-catenin mutations have been 
reported in OSCC, (Lo Muzio et al., 2005). This suggests activation of this pathway by 
multiple mechanisms. Furthermore, the interaction between epithelial tumor cells and the 
different components of the surrounding microenvironment can locally affect the 
intracellular level of Wnt/ß-catenin signaling components and differentially trigger tumor 
cell stemness, EMT, invasive behavior, and metastasis (Myers, 2010). 

β-catenin: has a dual role in the EMT; it enhances cell–cell adhesion when bound to cadherin 
complexes in adherens junctions and also functions as a transcriptional co-activator upon 
entry into the nucleus. When the WNT pathway is in resting state, cytoplasmic ß-catenin is 
phosphorylated by glycogen synthase kinase (GSK)3-ß and actively degraded by a 
multiprotein destruction complex that also includes casein kinase 1, APC and Axin. Thus, 
the levels of free ß-catenin are kept bellow the threshold where aberrant transcriptional 
activity will occur. In response to Wnt ligand binding to its specific receptor, the destruction 
complex is inactivated by inhibiting the activity of GSK3-ß which results in 
dephosphorylation and stabilization of ß-catenin, enabling it to accumulate within the 
nucleus, where it interacts with T-cell factor 4 /lymphocyte enhancer factor (TCF4/LEF) 
transcription factors to activate the transcription of Wnt target genes (Behrens et al., 1996; 
van de Wetering et al., 1997). It has been demonstrated that a number of genes targeted by 
nuclear ß-catenin LEF/TCF pathway plays a significant role in EMT (Table 1). Repression of 
E-cadherin by Snail, Twist, or other repressors leads indirectly to expression of vimentin and 
other mesenchymal gene products, partly because of β-catenin/TCF–Lef1 activation. TGF-β 
is known to activate this canonical Wnt pathway; TGF-β and Wnt pathway can 
independently or cooperatively regulate LEF/TCF target genes (Huber et al., 2005). TGF-β 
also directly activates the TCF–Lef1 transcription complex through tyrosine 
phosphorylation of SMAD-2. It has been reported that Smad-2/4 repressed E-cadherin 
transcription through TCF–Lef1 (Masszi et al., 2004; Nawshad et al., 2005). Loss of 
membranous ß-catenin and E-cadherin associated with EMT have been shown to correlate 
with metastatic formation and poor prognosis in multiple solid tumors and is a common 
feature of OSCC (Kudo et al., 2004; Odajima et al., 2005; Tanaka et al., 2003; Wang and Ma, 
2007; Williams et al., 1998). Several studies have demonstrated that cytoplasmic and nuclear 
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localization of β-catenin is correlated with tumor progression, invasion and metastatic 
potential of OSCC (Ishida et al., 2007; Lo Muzio et al., 1999; Odajima et al., 2005; Yu et al., 
2005). Cytoplasmic/nuclear β-catenin expression has also been found to significantly 
correlate with EGFR expression in OSCC (Odajima et al., 2005). In addition to the change in 
subcellular localization, phosphorylation of β-catenin may also be associated with OSCC 
progression and EMT (Tamura et al., 2003). It has been shown that tyrosine phosphorylation 
of β-catenin by EGFR is associated with the perturbation of E-cadherin - mediated cell 
adhesion and EMT acquisition and leads to increased cell motility that are requisite for 
metastatic dissemination (Hirohashi, 1998; Thiery, 2003). Furthermore, some authors have 
uncovered a new EMT pathway via p68 to nuclear ß-catenin (Yang et al., 2006). Given that 
EGF and TGF-β also induce p68 tyrosine phosphorylation, the nuclear ß-catenin is not 
simply a consequence of E-cadherin down-regulation during EMT, because phosphorylated 
p68 promotes ß-catenin nuclear localization regardless of whether E-cadherin is depleted or 
expressed. P68/ß-catenin axis may represent a common output for several signaling 
pathways. These pathways offer additional routes to nuclear ß-catenin signaling that are 
parallel to the Wnt pathway, which does not involve p68. The ability of β-catenin to enhance 
cadherin-dependent adhesion depends on β-catenin binding to α-catenin and on α-catenin 
binding to the cadherin (Chu et al., 2004). Phosphorylation of β-catenin residue Y142 
prevents α-catenin interaction and enhances the binding of β-catenin to BCL9-2, which is the 
vertebrate homologue of the Drosophila melanogaster legless gene (Brembeck et al., 2006; 
Brembeck et al., 2004). Interaction of β-catenin with BCL9-2 enhances nuclear accumulation 
of both proteins simultaneously decreasing cadherin-mediated adhesion and activating 
catenin target gene transcription. Ectopic BCL9-2 expression is sufficient to induce EMT in 
cultured cells, and siRNA-mediated BCL9-2 inactivation drives the reverse mesenchymal–
epithelial transition. Birchmeier reported that Y142 can be phosphorylated by the Met 
tyrosine kinase, indicating the existence of an EMT activation pathway where Met induces 
β-catenin nuclear translocation by enhancing BCL9-2 interaction (Heuberger and 
Birchmeier, 2010). This pathway satisfactorily links these two well known EMT regulators. 

Akt pathway: Recently, activation of the Akt axis is emerging as a central feature of EMT. The 
Akt family of kinases is a downstream effector of phosphatidylinositol 3-kinase (PI3K) and 
is frequently activated in human epithelial cancers, including OSCC (Nakayama et al., 2001; 
Testa and Bellacosa, 2001). Akt activation in OSCC was linked to aggressive clinical 
behavior and the loss of histological features of epithelial differentiation (Lim et al., 2005). 
Akt-induced EMT involves down-regulation of E-cadherin, which appears to result from 
up-regulation of the transcription repressor Snail. Accordingly, inhibition of Akt activity 
induced down-regulation of EMT-related transcription factor Snail. Akt activity is induced 
by ligand stimulation of growth factor receptors such as the insulin-like growth factor-I 
receptor (IGF-IR) and the EGFRs (Hong et al., 2009; Hynes and Lane, 2005). It has been 
demonstrated that OSCC cells engineered to express constitutively active Akt underwent 
EMT, characterized by down-regulation of epithelial markers (desmoplakin, E-cadherin, β-
catenin) and up-regulation of the mesenchymal marker vimentin, and exhibited enhanced 
tumor invasion (Grille et al., 2003). In contrast, the inhibition of Akt activity was able to 
restore epithelial characteristics, deplete mesenchymal features and reduce the migratory 
ability. This indicates that the inhibition of Akt activity could induce the MErT in OSCC cells 
and that the gain of epithelial characteristic might be an earlier or more prominent event in 
the MErT of the OSCC than the loss of mesenchymal one (Hong et al., 2009). 
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Name  Function  References  

TNF-alpha  proinflammatory cytokine  Cawthorn WP et al  
Cell Death Differ. 2007  

Osteopontin  extracellular matrix protein  Phlilip S et al J Biol Chem. 2005  

Cyclin-D1 CCND1  Oncogene involved in cell 
proliferation  

Cao J et al  
World J Gastroenterol 2006  

c-myc  proto-oncogene involved in 
cellular proliferation  

Cao J et al  
World J Gastroenterol 2006  

Splicing Factor-1    

(SF-1)  

regulates beta-cat gene 
transactivation and 
premessenger RNA splicing 
activities  

Shitashige M et al 
Gastroentetology 2007  

Notch1  

transmembrane receptor that 
determines cell fate after its 
translocation to the nucleus 
where it activates gene 
transcription  

Balint K et al  
J Clin Invest. 2005  

Brn2  cell lineage-restricted genes  Larue L, Delmas V  
Front Biosci. 2006  

Mitf-M  
melanocyte-specific gene, with 
critical role in cell survival, 
proliferation and differentiation  

Larue L, Delmas V  
Front Biosci. 2006  

Dct  
melanocyte-specific gene 
involved in melanoma 
proliferation  

Larue L, Delmas V  
Front Biosci. 2006  

MCP-1/CCL2  

CC-chemokine implicated in 
tumour progression events such 
as angiogenesis or tumour 
associated macrophage (TAM) 
infiltration  

Mestdagt M et al  
Int J Cancer, 2006  

MYCBP  (myc binding protein)  Jung HC, Kim K Life Sci. 2005  

MMP-7  Matrix Metalloproteinase 
Metastasis  

Monaghan H.et al.  
Histopathology. 2007  

CX43 (Connexin 43),  gap junctional protein  Husoy T et al.  
Carcinogenesis. 2003  

PPAR-delta  peroxisome proliferator-
activated receptor  

Gupta RA et al  
Proc Natl Acad Sci U S A. 2000  

ITF2 initiation 
transcription factor 2  transcription factor  Zhai Y et al. Am J Pathol. 2002  

Survivin  Inhibition of apoptosis  Kim PJ et al. Lancet 2003  

VEGF  Vascular endothelial growth 
factor  

Calviello G et al  
Carcinogenesis. 2006  

MT1-MMP  Membrane Type1-Matrix 
Metalloproteinase  

Calviello G et al  
Carcinogenesis. 2006  

Table 1. 
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C-met and tyrosine kinase receptors: The c-Met pathway has been implicated in the EMT 
during oral carcinogenesis; activating mutations have been found in metastatic head and 
neck carcinomas, but not in the corresponding primary tumors (Di Renzo et al., 2000).The 
activation of several other tyrosine kinase receptors, including fibroblast growth factor 
(FGF), insulin-like growth factor (IGF) and the ERBB family has been found to induce EMT 
in vivo and in vitro (Valles et al., 1990). Although the Met receptor-mediated signaling 
results in cell scattering, it has not been made clear whether Met signaling also has a more 
permanent effect on the expression or localization of some of the effectors of EMT, such as 
E-cadherin and β-catenin. Recent work suggests that Met also regulates intracellular 
localization of β-catenin (Heuberger and Birchmeier, 2010). 

Twist: The basic helix-loop-helix transcription factor Twist, a master regulator of embryonic 
morphogenesis essential for initiating mesoderm development during gastrulation, was 
recently added to the growing list of developmental genes with a key role in E-cadherin 
repression and EMT induction, as well as metastasis (Kang and Massague, 2004; Martin and 
Cano, 2010). However, there have been very few reports on the relationship of Twist with 
the EMT in oral cancer cells. Hong et al (2009) reported that inhibition of Akt activity 
induced down-regulation of EMT-related Twist in OSCC cells. It has been recently reported 
that Twist directly regulates the stemness factor Bmi1, and that both proteins are required 
for the induction of EMT and stemness in head and neck squamous cell carcinoma (Yang et 
al., 2010). Twist is also induced by hypoxia showing a link between tumor 
microenvironment and the expression of EMT promoting transcription factors (Yang and 
Wu, 2008). Twist over-expression correlates with aggressive phenotypes and poor outcome 
in HNSCC (Yang et al., 2008). Twist can be up-regulated by Wnt signaling (Howe et al., 
2003) and can bind and repress the E-cadherin promoter (Vesuna et al., 2008) in epithelial 
cells. Twist confers metastatic properties to breast tumor cells and stem-like properties in 
epithelial cells (Mani et al.; Morel et al., 2008; Yang et al., 2004).  

Accumulating evidence demonstrates that tumor cells undergoing EMT acquire the capacity 
to migrate, invade the stroma and metastasize. EMT also involves other inducers such as 
matrix metalloproteinases (MMPs) and urokinase plasminogen activator which like growth 
factors, may be secreted by either the tumor cells themselves or by the surrounding tumor 
stromal cells. These molecules degrade the components of basal lamina leading to invasion 
of the migrating cancer cells into reactive stroma and subsequently lymphatic vessels and 
systemic circulation (Said and Williams, 2011). EMT cells also acquire stem cells 
characteristics suggesting crosstalk between EMT and pathways involved in promoting 
cellular stemness and that EMT might provide cells with both migratory and stem cells 
properties. Brabletz and colleagues proposed first the idea that disseminating cancer stem 
cells (CSC) represent the origin of metastasis (Brabletz et al., 2005). The experimental 
evidence to support this idea was provided by Weinberg and colleagues, by showing that 
cells induced to undergo EMT (by Twist/Snail/TFG-β) acquired a CD44high/Cd24low 
signature, similar to a small sub-population of breast cancer stem cells that previously had 
been isolated and identified to have a unique ability to form tumors in xenograft models 
(Al-Hajj et al., 2003; Mani et al., 2008). Furthermore, EMT cells exhibited many properties of 
stem cells (mammospheres formation, ability to differentiate into cells of different lineages 
and to reconstitute a heterogenous tumor, (Mani et al., 2008). Another study reported that 
cells induced to undergo EMT by Ras-MAPK activation also displayed stem-like properties 
and a CD44high/CD24low signature (Morel et al., 2008). Colleagues at the University of 
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Michigan first demonstrated that a CD44+ population of cells possesses the properties of 
CSC in head and neck cancer (Prince et al., 2007), followed by other reports on head and 
neck cancer stem cells using other markers in addition to CD44 (Clay et al., 2010; 
Krishnamurthy et al., 2010; Krishnamurthy and Nor, 2011). In our recent study, we reported 
increased motility of CD44high CSC from head and neck cancer which is characteristic of cells 
undergoing EMT, and this may explain why, in our study, head and neck CSCs formed lung 
lesions in vivo, while non-CSCs did not (Davis et al., 2010). In fact, Takahashi et al. showed 
that, in EMT induced by tumor necrosis factor, the interaction between CD44 and 
hyaluronan indeed mediated cell-cell dissociation, actin remodeling, and, as a result, 
enhanced motility (Takahashi et al., 2010). These findings, in conjunction with our own, 
suggest that cell motility and the ability to undergo EMT are some of the most important 
characteristics of a metastatic cell, and it appears that CSCs may have those capabilities. 
Cancer stem cells seems to localize at the invasive fronts of the head and neck squamous cell 
carcinomas in the proximity of the blood vessels (Krishnamurthy and Nor, 2011) Future 
studies focused on better understanding the role of CSCs in EMT as it relates to oral, head 
and neck carcinomas are needed. In addition, further purification of the stemlike cell 
population in HNSCC is necessary to clarify what metastatic characteristics are indeed 
unique to these cells. Our laboratories are currently investigating these underlying 
mechanisms. Such knowledge would allow clinicians to exploit this particular set of 
attributes to target cancer cells that keep a tumor growing and allow it to spread. 
Furthermore, a better understanding of the EMT/MErT transformations during the OSCC 
progression will positively impact the clinical management of OSCC in the future.  
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