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Cancer is the second leading cause of death in the United States. In 2004,
more than 563,000 people will die of cancer, and there will be more than 1.3
million new cases (Table 1). Cancer of the mouth and pharynx accounts for
nearly 30,000 cases of cancer (incidence of 10/100,000) and approximately
7200 deaths per year in the United States and is the sixth most common
cancer worldwide [1]. Oral cancer is more common than leukemia,
Hodgkin’s lymphoma, brain, stomach, or ovarian cancer. More than 90%
of these oral-pharyngeal cancers are squamous cell carcinomas. The other
10% are salivary gland tumors, lymphoma, sarcoma, and others. The 5-year
survival rate from these carcinomas has not significantly improved in the
past 30 years and remains at approximately 50%. For whites the 5-year
survival rate is approximately 55%; for African Americans it is only 31% [1].

The ratio of males to females diagnosed with oral cancer is 2:1 over
lifetime, although the ratio comes closer to 1:1 with advancing age (perhaps
influenced by the relationship of human papillomavirus to oral cancer).
Approximately 96% of oral cancer is diagnosed in persons older than
40 years, and more than 50% of all cancers occur in persons over the age of
65 years [2]. The average age at the time of diagnosis is 63 years [1]. Recently,
however, evidence has emerged indicating that oral cancers are occurring
more frequently in younger persons (under 40 years) [3,4]. The overall
incidence of oral cancer has remained stable, relative to the occurrence of
newly diagnosed cancers of all sites, with absolute numbers only slightly
increasing each year [5].

The observation that oral cancer generally occurs with advancing age
indicates that over time certain sequenced alterations in the biochemical-
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biophysical processes (nuclear, enzymatic, metabolic, immunologic) of aging
cells with a particular genetic predisposition undergo and accumulate muta-
tions, resulting in carcinogenic transformation. These carcinogenic changes
may be influenced by oncogenes, carcinogens, and mutations caused by
chemicals, viruses, irradiation, drugs, hormones, nutrients, or physical irri-
tants. An imbalance between abnormal cell proliferation and apoptosis
(programmed cell death) may be modified by factors that alter cellular
production of growth and suppressor proteins [6,7].

These malignancies of the oral cavity often begin as preneoplastic lesions
in the form of inflammatory lesions such as leukoplakia, erythroplasia, and
erythroleukoplakia. Leukoplakia is associated with tobacco and alcohol use
and chronic inflammation with the risk of malignant transformation to
squamous cell carcinoma of approximately 5% to 17% (Fig. 1) [7,8].
Alterations in host immunity, inflammation, angiogenesis, and metabolism
have been noted as prominent clinical features in oral cancer [8,9]. These

Table 1

Incidence of head and neck cancer (38,000/year in 2003)

Location Incidence %a %b

Oral 17,900 48 2.4

Oropharynx 3500 10 0.8

Nasopharynx 2500 9 0.5

Larynx 9800 25 1.4

Maxillary sinus 1100 3 0.2

Nose 400 1 0.1

Esophagus 800 2 0.2

Ear 300 1 0.2

a % of all head and neck cancers.
b % of all cancers.

From Jemal A, Tiwari R, Murray T, et al. Cancer statistics, 2004. CA Cancer J Clin

2004;54(1):8–25.

Fig. 1. Leukoplakia in the anterior labial vestibule associated with smokeless tobacco use.
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tumor-induced T-lymphocyte, granulocyte, and neoangiogenic responses in
the local tumor microenvironment have been associated with increased
tumor growth and metastasis and decreased survival rates [10,11]. Pathologic
changes in systemic responses have also been observed, including induction
of antibody and other acute-phase inflammatory protein responses [12,13].

This article reviews the epidemiology, etiologic risk factors, clinical
presentation, recognition, and diagnosis of oral precancer and cancer. The
actual treatment and complications from treatment of oral cancer are
discussed only briefly.

Anatomic sites

The tongue is the most common site for oral cancer in both American
men and women (Table 2). The most recent data (2004) indicate that about
37% (7320/20,010) of all oral cancer (excluding the pharynx) occurs on the
tongue [1]. There are some differences in the most common oral sites in
other areas of the world. In Southeast Asia nasopharyngeal cancer is more
common, and in India buccal mucosa carcinomas are the most common oral
cancers. Data from the Surveillance, Epidemiology, and End Results
(SEER) program of the National Cancer Institute demonstrate that 30% of
all oral cancers diagnosed in the United States between 1985 and 1996
occurred in the tongue, followed by the lip and floor of the mouth [4,5]. Oral
tongue malignancies (located in the anterior two thirds of the tongue)
accounted for 53% of tongue cancers [5,6]. The other oral anatomic sites, in
decreasing order, are lip (22%), floor of mouth (13%), salivary glands
(12%), buccal mucosa (6%), gingiva (6%), and palate (4%) [14].

Stage at diagnosis and survival

Approximately half of all patients with oral and pharyngeal cancers
survive the disease 5 years following treatment (Table 3). Theses figures are

Table 2

The incidence of oral cancer ranked by anatomic location

Oral location Incidence %

Tongue 7300 37

Lip 4200 22

Floor of mouth 2300 13

Salivary glands 2000 12

Buccal mucosa 1100 6

Gingiva 1100 6

Palatal 800 4

From Jemal A, Tiwari R, Murray T, et al. Cancer statistics, 2004. CA Cancer J Clin

2004;54(1):8–25.
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less favorable for squamous cell carcinoma of the tongue (33%) [5–7]. In the
United States, the outcomes are more favorable for whites than for African
Americans (5-year survival rates of 58% versus 34%, respectively). Genetics
certainly is significantly involved in the predisposition to cancer, but
socioeconomic status, education, and access to the health care system also
have an influence [5–7]. Obviously, the survival rates are much loserfor
advanced tumors than for earlier-detected, localized cancers. At the time of
diagnosis, nearly 50% of all carcinomas of the tongue have already
metastasized [14]. An additional 35% to 40% metastasize within 5 years. If
all cases of oral cancer were diagnosed and treated early as localized tumors,
almost 80% of all patients would survive 5 years [13,14]. Unfortunately,
little progress in early diagnosis has been made during the past 40 years.
Additionally, based on more than 25,000 Surveillance Epidemiology and
End Rescue (SEER) program oral/pharyngeal cases for which there was
adequate information, localized/early oral cancers were outnumbered by
advanced tumors 59% to 41%. The lip was the only major site where
localized cancers were found more frequently than more advanced cancers
[4–6]. Advances in the treatment of oral cancer have not led to significantly
improved survival; therefore, earlier diagnosis is obviously the most
important factor in improving oral cancer control and reducing morbidity
and mortality [5–7].

Tumor metastasis node staging

Head and neck cancer is staged by the tumor metastasis node (TMN)
classification, usually when a malignancy is strongly suspected and before an
incisional biopsy. The TMN classification is based upon tumor size, regional
lymph node involvement, and distant metastasis. Most often a chest
radiograph is used to determine distant metastasis [15,16]. A patient with
a suspicious 2.5-cm oral lesion with ipsilateral lymphadenopathy of 2 cm
and a negative chest radiograph will be classified as T2N1M0. This
classification is useful for determining the severity and prognosis of the
cancer and for the choice of therapy (excisional surgery, modified or radical
lymph node dissection, radiation, or chemotherapy) [15,16].

Table 3

The 5-year survival rate (%) of oral cancer based upon TMN staging

Site Localized Nodes Distant metastasis Total

Lip 89 57 40 86

Floor of mouth 65 31 14 44

Other 61 29 18 44

Tongue 52 22 7 33

From Landis S, Murray T, Wingo DS, et al. Cancer statistics. CA Cancer J Clin 1998;48:

6–29.
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Etiology and risk factors

The etiology of oral cancer is almost certainly multifactorial and involves
many alterations in host immunity and metabolism, angiogenesis, and
exposure to chronic inflammation in a genetically susceptible individual.
The carcinogenic changes may be influenced by oncogenes, carcinogens, and
mutations caused by chemicals, viruses, irradiation, drugs (tobacco and
alcohol), hormones, nutrients, or physical irritants [7,16,17].

Immune system

Multiple studies have shown that the risks of cancer increase in individuals
whose immune systems are either congenitally defective or have been sup-
pressed or altered by disease or medications. Furthermore, immune compe-
tence and immune cell surveillance diminishwith age.These facts undoubtedly
contribute to the association between age and malignancy [6,17,18].

Tobacco use

Tobacco smoking is a worldwide epidemic, contributing to serious health
problems and systemic diseases of immense proportions. Reports from the
US Surgeon General and others conclude that cigarette smoking is the main
cause of cancer mortality in the United States, contributing to an estimated
30% of all cancer deaths and substantially to cancers of the head and neck
[4,7,18].

The association between cigarette use and oral carcinoma has been firmly
established from epidemiologic studies, revealing that there are more than
twice as many smokers among oral cancer patients as among control
populations [18]. One study of more than 400 patients with oral cancer
found that 72% were smokers and 58% smoked more than one pack daily,
demonstrating the high risk for tobacco users [19,19a].

Tobacco use also increases the already high risk for developing
recurrences of oral cancer as well as second primary oral and pharyngeal
cancers [18–20]. The combined effects of tobacco and alcohol use are
illustrated in another study of more than 350 patients who had oral cancer
and a mortality rate of 31% within 5 years [21].

Certain hydrocarbons isolated from tobacco products have been shown
to induce carcinomas in animals under certain experimental conditions
[18,19]. Benzo[a]pyrene, one of the most potent of these carcinogens, binds
to nucleo-proteins and is mutagenic as well as carcinogenic. The association
between tobacco use and oral malignancies also seems to include cigars,
pipes, and smokeless preparations [18,19].

Alcohol intake, especially long-term, excessive use, has also been asso-
ciated with the incidence of oral cancer. One group of investigators found
that 44% of 108 patients with cancer of the tongue and 59% of 68 patients
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with cancer of the floor of the mouth, palate, or tonsillar fossa had unequi-
vocal evidence of alcoholic cirrhosis. Approximately 75% drank alcohol
excessively [21].

Definitive associations between alcohol-containing mouthrinses and the
development of oral cancer have not been established [18].

Oral lichen planus

Oral lichen planus (OLP) is a complex, chronic, inflammatory disease. The
cause of OLP is unknown, but it is thought to be an immunopathologic
disease. Although OLP can occur in any oral site, the buccal mucosa is by far
the most common location. OLP can usually be recognized by the unique
clinical features of reticular, annular, or punctate keratotic (white) patterns on
the mucosal surface [18,22]. Diagnosis should always be confirmed by biopsy.

A summary of the results from several studies performed in seven
different countries since 1981 indicates that 0.4% to 5.6% of oral lichen
planus lesions transformed to squamous cell carcinoma [18,22–24].

Nutrition

Although some studies indicate a potential association of dietary factors
and cancer in general, no clear dietary characteristics (deficiencies or
excesses of nutrients) have been recognized that directly correlate with
cancer of the oral cavity [18,25].

Viruses

The role of viruses in development of oral cancer has been a matter of
speculation for a long time. Although viruses are not known to cause oral
squamous cell carcinoma, other head and neck cancers have a defined
relationship with viruses. Of the viruses that infect oral tissues, those having
oncogenic potential are from two groups: the herpesviruses and the
papillomaviruses [26–28].

Clinical examination

A comprehensive oral examination of every patient is essential to dental
practice. The standard-of-care examination includes thorough examination
of every intraoral mucosal surface and of the extraoral head and neck tissues
including lymph nodes [15,18]. Any mucosal abnormality requires some
action plan; whether the plan involves treatment, biopsy, referral, or recall
examination depends on the nature of the lesion [15]. Many oral lesions are
ill-defined, variably appearing, controversial, and poorly understood lesions
that fortunately are benign but may present changes that can easily be
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confused with malignancy. Conversely, an early malignancy may quite often
be mistaken for a benign lesion. Some lesions are considered premalignant
because they are statistically correlated with subsequent associated
cancerous changes [18]. A considerable amount of clinical uncertainty is
involved in the early detection of malignancy as well as in the understanding
that many of these lesions may not always remain benign.

Clinically, oral cancer may clinically present with different colors and
morphologies. Oral cancer may appear as leukoplakia (white) (Fig. 2),
erythroplasia (red), or, most commonly, erythro-leukoplakia (red and white)
(Fig. 3) and as plaques, macules, ulcers, exophytic papules, nodules, or
tumors, or as granular or verrucous lesions (Fig. 4). Often, squamous cell
carcinomas present with pleomorphic characteristics combining several of
these features and may or may not be fissured, indurated, and bleeding
[15,18,29–31].

Delay in diagnosis

The failure of affected patients to seek professional consultation
obviously accounts for much of the delay in the diagnosis of oral cancer.
In a considerable number of cases, however, diagnosis has been delayed
because a clinician did not suspect the malignant nature of the lesion and
either failed to treat it or treated it inadequately [18,29,30].

A retrospective study found that only 14.1% of dentists who had
diagnosed a patient with epithelial dysplasia (considered premalignant)
followed that lesion with a second biopsy during a 3-year period (Box 1)
(Rhodus et al, submitted for publication, 2003).

Most reports reveal that patients usually delay seeking professional
advice for more than 3 months after having become aware of an oral sign or

Fig. 2. Leukoplakia in the anterior floor of the mouth in an immunocompromised patient. This

lesion was subsequently diagnosed as oral squamous cell carcinoma.
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symptom. Such delays in diagnosis can only lead to local extension of
a lesion and increase the risk of metastatic spread of the cancer [15,18,29].

Signs and symptoms

During the earliest stages, oral cancer is usually painless or may present
with only mild irritation. Pain usually occurs when the lesion becomes more
advanced and ulcerated. Ulceration indicates that the lesion has penetrated
through the lamina propria into the connective tissue. Rarely, a patient may
seek initial consultation because of a swelling in the neck that represents

Fig. 3. Erythroleukoplakia on the mid-lateral ventral tongue in a patient with heavy alcohol

and tobacco use. This lesion was subsequently diagnosed as oral squamous cell carcinoma.

Fig. 4. Proliferative verrucous leukoplakia on the attached gingival of the left mandibular first

molar. This lesion was subsequently diagnosed as oral squamous cell carcinoma.
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a metastasis from an oral lesion of which the patient may be completely
unaware [15,18,29]. The following are common presenting signs of oral
carcinoma [18]:

� Erythema—redness of the mucosa, which reflects inflammation, thinness
and irregularity of epithelium, and lack of keratinization

� Ulceration or erosion—occurs with the destruction of epithelial integrity
resulting from discrepancy in cell maturation and disruption of basal
lamina (basement membrane).

� Induration—mucosal firmness or hardness caused by an increase in the
number of epithelial cells secondary to an inflammatory infiltrate

� Fixation—abnormally dividing cells invading to deeper areas of muscle
and bone

� Chronicity—failure of lesions to heal. Cancer is not a spontaneously
reversible disease. Therefore, a malignant lesion normally will not
disappear in the absence of definitive antitumor therapy.

� Lymphadenopathy—hardening or enlargement of regional nodes
resulting from engorgement with neoplastic cells that spread by
lymphatic vessels. Nodes are usually painless and often become fixed
because of capsular erosion and local infiltration. Tumors that involve
marked induration, fixation, and lymphadenopathy are signs of
advanced cancer.

� Leukoplakia—a white patch on the mucosal surface, reflecting excess
epithelial keratin production. Hyperkeratosis is often associated with
well-differentiated carcinomatous lesions. Excess keratin also may be
produced within the stratified squamous epithelium and can appear as
‘‘keratin pearls.’’

� Erythroplakia—a red macule, plaque, or exophytic lesion that may
appear similar to trauma or inflammation but may in fact represent
early angiogenic activity and premalignancy. The most common clinical
presentations of oral precancerous lesions include some erythema.

Box 1. Minnesota dentists’ follow-up of oral dysplasia

� 285 respondents reported 141 patients with ‘‘dysplasia.’’
Patient characteristics: 58.8% male; 41.2% female; mean

age, 64.3 ± 5.6 years
� 76.5% of dentists (108/141) said they ‘‘followed-up.’’
� 14.1% of patients (20/141) were biopsied on follow-up.
� 11.3% of lesions (16/141) became cancerous; 7/20 were

diagnosed on second biopsy.
� 85.8% of lesions without diagnosis (121/141) were lost to

follow-up
� 42.8% of severe dysplasias became cancerous
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� Erythroleukoplakia (mixed)—lesions that present with some combina-
tion of both red and white color changes represent the most common
clinical appearance of oral precancerous lesions as well as squamous cell
carcinomas.

Dysplasia and malignant transformation

Typically, in the early stages, oral carcinomas may appear as small,
innocuous, harmless, minor mucosal changes, to which the unsuspecting
clinician may not respond aggressively. An extended period of watching and
empiric treatments may allow the lesion to expand and potentially meta-
stasize. In the premalignant and early cancerous stages, slow cellular
proliferation may obscure clinical recognition of neoplastic activity in some
cases [18].Obviously, this failure to pursue the nature of the lesion aggressively
often leads to delays in diagnosis and early intervention, adversely affecting
prognosis and eventual outcomes. All lesions of the oral cavity that persist or
donot respond to the usual therapeuticmeasuresmust therefore be considered
precancerous or malignant until proven otherwise [18].

An insight into the histopathogenesis of carcinoma may give the clinician
a better understanding of presenting signs [32,33].

The risk of subsequent malignant transformation increases when a biopsy
specimen reveals an associated epithelial dysplasia. Current scientific
consensus is that this transformation occurs in a stepwise fashion through
stages of increasingly severe epithelial dysplasia accompanied by the loss of
cell-cycle control, apoptosis, and various genetic aberrations [32–37].
Specific data regarding the correlation among degrees of oral epithelial
dysplasia, time-related progression, and the influences of a variety of
cofactors remain uncertain, however [32–36].

Oral carcinogenesis

In oral epithelial tissues, accumulating mutations (ie, genetic pro-
gression), chromosomal damage, and loss of cellular control functions are
observed during the course of sequential histologic changes that culminate
in oral cancer [32–37]. These changes are manifested as the transition from
normal histology to early intraepithelial dysplasia and preneoplasia,
increasingly severe intraepithelial neoplasia, superficial cancer, and finally,
invasive disease.

Although the carcinogenic process can be relatively aggressive (eg, in the
presence of a DNA-repair -deficient genotype or viral transformant such as
human papillomavirus), these changes generally occur over decades [26,32–
37]. Carcinogenesis is characterized by progressive loss of proliferation and
apoptosis controls and increasing cellular disorganization, aneusomy (DNA
content), and heterogeneity [32–37]. The appearance of specific molecular
and more general genotypic damage is associated with increasingly severe
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dysplastic phenotypes. In many cases, crucial early steps include inactivation
of tumor suppressor genes (eg, mutation of the p53 gene) or activation of
oncogenes (eg, ras). Carcinogenesis may follow multiple paths and be
multifocal; not all cancers in a given tissue nor all cells in a given cancer may
ultimately contain the same lesions. Progression to cancer may also be
influenced by factors specific to the host’s tissue environment [17,32–37].

Molecular progression

Neoplasms arise clonally from transformed cells that have undergone
specific genetic alterations in proto-oncogenes or tumor suppressor genes [32–
37]. As just one example, loss of chromosomal region 9p21 is a common
genetic change that occurs early in tumor progression. This loss leads to an
inhibition of cyclin-dependent kinase that is important in cell-cycle regulation.
Additionally, a large number of malignant cells express a mutation of the
suppressor p53 gene, which, in turn, diminishes cell senescence and indirectly
promotes growth [38–41]. Activation of proto-oncogenes or loss of tumor
suppressor genes can result in the stimulation of cell division [18,32–41].
Another phenomenon, telomeres, composed of repeating sequences of six
nucleotides, are situated at the end of chromosomes. They influence the
longevity of cells and regulate their biologic clock by progressive shortening.
When activated by telomerase, telomere growth may prevent cell senescence
by maintaining chromosomal integrity. Thus, telomeres may be a potentially
important target in controlling cancer. The complexity and multifactorial
aspects of explaining neoplasia are evident [18,32–41].

Once the diagnosis of dysplasia is made, there is really no way of
determining which dysplasias will transform into carcinoma and which will
not. Usually, it may be safely assumed that severe epithelial dysplasia will
most likely proceed to carcinoma in situ, intraepithelial carcinoma, or frank
malignancy over time.

When the dysplasia of the entire epithelium involves disruption of the
basal lamina and subsequent invasion of the adjacent connective tissue, the
diagnosis of malignancy is certain.

Precancerous classification

Because a risk of transformation to carcinoma exists, oral leukoplakia is
a premalignant lesion. This conclusion is based on the following factors: (1)
a large number of oral carcinomas have been associated with leukoplakic
changes, and (2) in prospective studies, occurrences of malignant trans-
formations in oral leukoplakias exceed the number of oral cancers expected
in the general population. The incidence of malignant transformations in
oral leukoplakias ranges from approximately 5% to 17% [7,8,18]. Most
longitudinal studies of oral leukoplakia patients focus on habits, dysplastic
and malignant transformations, and classification. The possibility of
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spontaneous regression of oral leukoplakia has been confirmed in several
reports, however [7,8,18].

According to Mashberg [42], the following conclusions regarding the
clinical recognition and diagnosis of oral leukoplakia, the development of
epithelial dysplasia, and subsequentmalignant transformation, may bemade:

1. In oral leukoplakia, the occurrence and time of dysplastic changes are
uncertain. De novo transformation from hyperkeratosis to carcinoma
may occur without recognizable dysplasia.

2. An erythematous component and discomfort should raise suspicion of
dysplastic or malignant transformation.

3. Because epithelial dysplasia increases the risk of the development of
a malignant tumor, surgical removal of dysplastic lesions is indicated.
This treatment limits prospective follow-up studies.

4. Proliferative verrucous forms of leukoplakia have a high risk of
dysplasia and malignant trans-formation and should be treated
aggressively.

5. Although the severity of the degrees of dysplasia has clinical significance
regarding neoplasia, patients with mild dysplasia, or even without
should be followed carefully. This advice holds true even after surgical
intervention, because recurrences are common.

6. Reproducible interexaminer agreements in diagnosing oral epithelial
dysplasia are difficult to achieve, adding to the confusion regarding
treatment approaches and aggressiveness. Therefore, the development
of biologic markers (eg, monoclonal antibodies, DNA/RNA probes,
special stains) emerges as extremely important, and even critical, in
producing fundamental advances in the diagnosis, prognosis, and
treatment parameters of precancerous lesions [7,8,18,42].

Genomics

Many studies are presently being conducted regarding the role of
chromosomes and genes in influencing the development and progression of
oral leukoplakia to malignancy. DNA-microarray studies of gene expression
are now being used to determine the differential profile of genes that are
expressed in both oral cancer and precancerous (leukoplakia) lesions. Ginos
and colleagues [43] at the University of Minnesota have found that 2891
genes were differentially expressed in tissues of patients with oral cancer.
The categories of genes included those involved in the host immune
response, angiogenesis, apoptosis, and cell differentiation, among others
[43]. The same group is now using microarrays to analyze tissues from
premalignant lesions and is also using cytologic smears. Results from these
studies will aid in identifying risks and prognoses.

In a recent study by Sudbo and colleagues [44] of nuclear DNA content
(ploidy) in 150 Norwegian patients with dysplastic leukoplakia, there was
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a direct risk association between chromosome ploidy and progression to
malignancy. Lesions that demonstrated a diploid nuclear DNA content had
only a 3% association with cancer, whereas 84% of aneuploid lesions were
cancerous.

Erythroleukoplakia and erythroplasia

Leukoplakia that clinically has an erythematous or red component
(erythroleukoplakia) is far more likely to undergo dysplastic or malignant
epithelial changes than other forms of leukoplakia [7,18,42]. Because red
lesions without a white component may also represent either dysplasia or
carcinoma, such lesions must be carefully evaluated. Carcinogenic pro-
gression in patients with erythroleukoplakia has been shown to be almost
fourfold that of the patients with homogeneous leukoplakia [45]. Therefore,
all patients with chronic white or red lesions, whether treated or not, should
have periodic diagnostic biopsies. In a representative study of 257 patients,
58% of the patients with leukoplakia had an associated erythematous area,
whereas 84% of the patients who eventually developed a carcinoma demon-
strated a red component. Other studies have confirmed this association
[30,32,42,45,46].

With these findings in mind, clinicians should take biopsy specimens that
include erythematous areas because of the increased risk of representing
dysplasia or neoplasia [47].

In Mashberg and Samit’s [42] prospective study of 222 asymptomatic oral
carcinomas, 28% were red only; 62% were red and white; 97% occurred in
the mouth floor, oral tongue, and oropharynx; and 84% were less than 2 cm
at their largest diameter.

Erythroplasia with ulceration

Another rare but high-risk premalignant lesion is the chronic erythem-
atous change associated with constantly recurring erosive changes. These
lesions are often mistaken for ‘‘recurrent aphthous stomatitis of the
herpetiform variety’’ or ‘‘nonspecific inflammatory immunopathologic vesi-
culoerosive disease’’ [18,42].

Proliferative verrucous leukoplakia

Silverman and colleagues [48] first described a unique form of
leukoplakia found in 30 patients. This group of lesions has a high risk
of malignant transformation. The name proliferative verrucous leukopla-
kia (PVL) results from the characteristic appearance–an expanding,
exophytic/fissured white lesion. PVL is a precancerous lesion with high
transformation and mortality rates, women with PVL outnumber men; less
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than one-third of PVL patients smoke; and there is usually multisite oral
involvement [49].

Candidiasis (candidosis), leukoplakia, and erythroplasia

Some studies indicate that candidiasis may add a potential risk factor for
malignant transformation of leukoplakia. As many as 53% of the
leukoplakia patients who developed carcinomas were Candida positive
before tumor formation [18,49]. Other reports have demonstrated a higher
prevalence of Candida in speckled leukoplakia than in homogeneous (all-
white) leukoplakia [46].

Diagnosis and management

Patients with leukoplakia are usually asymptomatic [30,46,49]. The lesion
is usually discovered by a clinician during a routine examination or by
patients themselves because of a feeling of roughness in their mouths. There
are really no reliable clinical signs and symptoms associated with oral
leukoplakia that relate to an accurate prediction of a premalignant or early
malignant change [7,18,30]. Even mild symptoms are often suggestive of
a dysplastic epithelial change or even an early invasive tumor. Because the
clinical appearance of oral leukoplakia—thick or scant, large or small—does
not reliably indicate its biologic potential, clinicians should be suspicious of
all white lesions and should carefully evaluate and observe these patients
[7,18,30,49]. The diagnosis of these lesions must be made by histopathologic
evaluation (Fig. 5).

The first step in management of leukoplakia is the removal of all irritants.
If the leukoplakia is not reversible, excision is the most effective treatment
[30,46,49].

Fig. 5. Histologic examination of oral squamous cell carcinoma.
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Excisional biopsy with subsequent histopathologic examination is the
criterion for diagnosis for oral lesions [18,46,49]. Because these lesions may
spread over a large area, they cannot always be surgically excised. In many
cases, incisional biopsies must be taken and multiple-site biopsies may be
required in the areas of the lesion that are phenotypically most suspicious
for oral cancer [48]. In addition, recurrence after excision is common,
possibly because of continuation of an irritant or the biologic potential in
adjacent tissue that appears normal morphologically (field cancerization).
Some areas of the lesion may be cancer, whereas others may not. Therefore,
representative sampling is important in making the diagnosis. The use of the
carbon-dioxide laser has proved extremely useful and effective [48,50].

There is always some degree of risk for recurrence and for the
development of squamous cell carcinoma at the surgical site. Therefore,
close follow-up must be emphasized. To help limit recurrences, adjunctive
chemotherapy using antiviral drugs and antioxidants is being studied
[51,52].

Although there might be a ‘‘field keratinization,’’ genomic susceptibility
for hyperkeratosis, there is some evidence of clonal derivation. This clonal
derivation is seen at times when a portion of a leukoplakic lesion is removed,
and the residual clinical lesion disappears [33,43].

Cytology and brush biopsy

It is not practical or appropriate to biopsy every oral lesion often, even
after it has been diagnosed with epithelial dysplasia [48,53]. A simple,
reliable, and acceptable technique to support the health professional’s
clinical judgment in differentiating benign lesions from early malignant
neoplasia is highly desirable.

This need is especially strong when the clinician has already obtained
a nondiagnostic biopsy and wishes to follow-up the lesion by a noninvasive
technique. Exfoliative cytology serves this purpose, but cytology is an
adjunct to, not a substitute for, a scalpel biopsy [18,48]. Exfoliative cytology
is a technique by which individual epithelial cells (ideally including basal
cells) are obtained from a lesion, spread on a slide, fixed and stained, and
then examined by microscopy [48,53]. The entire oral cavity is lined with
stratified squamous epithelium that varies in thickness and keratinization
according to anatomic and functional sites. Transepithelial sampling using
a specially designed brush to obtain representative cells from all epithelial
layers of a specimen can be accomplished with the proper brush and
technique [48,53]. The brush biopsy technique and oral cytology examination
can provide a significant adjunct in the evaluation of questionable lesions by
giving clinicians an initial screening tool and indicating the use of scalpel
incisional biopsy of lesions that did not clinically appear to be oral cancer.
Results from these brush biopsies have indicated the early diagnosis of
malignancies that would otherwise have remained unsuspected. A thorough
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examination of the cell sample is made by an automated microscopic system
or by a trained cytologist and certified by a pathologist [48,53].

Classification of benign oral diseases from exfoliative cytologic studies is
not yet possible; tissue patterns as seen in biopsies are necessary. There is
a possibility of false-positive and false-negative results, but reports of those
have been few. These errors, although undesirable, are manageable because
of the manner in which cytologic reports are used and interpreted [48,53]:

1. If clinical suspicion remains in the face of a negative or atypical report,
a biopsy should be performed in any case.

2. A suspicious report indicates a definite need to establish a definitive
diagnosis immediately.

3. When smears contain cells consistent with or suspicious for malignancy,
biopsy is mandatory.

Fine-needle aspiration

Fine-needle aspiration (FNA) biopsy is a highly acceptable and accurate
technique for differentiating benign from malignant lesions involving lymph
nodes [54]. Use of this minimally invasive technique accelerates diagnosis
and treatment and improves overall management. This technique also has
greatly aided the evaluation of salivary gland lesions and leukemic
infiltrates. Thus, FNA biopsy is a safe, quick, and reliable procedure that
can immediately differentiate inflammatory, reactive, cystic, and neoplastic
processes [54].

Toluidine blue

Because epithelial dysplasia and early squamous cell carcinoma vary
considerably in appearance and often resemble certain benign lesions,
clinical identification is difficult, and biopsy is frequently delayed by
attempts at empiric remedies. Vital staining with toluidine blue has been
shown to aid early recognition and accelerate biopsy, diagnosis, and
treatment [55,56]. Toluidine blue is a metachromatic dye of the thiazine
group that has been effectively used as a nuclear stain because of its binding
to DNA. Overall accuracy of the toluidine blue uptake was 93% [55,56]. It
can be concluded that toluidine blue staining is a useful adjunct to careful
examination, clinical judgment, and biopsy (Fig. 6). There is abundant
evidence that toluidine blue dye used in this diagnostic manner is neither
mutagenic nor carcinogenic [55,56].

Monoclonal antibodies

Some monoclonal antibodies for use in the detection of oral cancer have
been developed, studied, and reported [57–59]. The techniques have not yet
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been perfected, however, and questions regarding specificity have limited
large studies and use in diagnostic laboratories. No matter what diagnostic
technique is used, the possibility of a false-negative response exists. The
development of monoclonal antibodies that have high sensitivity and
specificity for epithelial dysplastic and malignant cells would enhance
accuracy of diagnosis in some cases in which the usual or typical cellular
characteristics of precancer or cancer are not apparent. Numerous
biomarkers now being developed and studied will yield additional in-
formation regarding cellular neoplastic potential and even the risks of
metastases [57–61].

Imaging

Most commonly, neoplasms of the oral cavity and oropharynx are
discovered by clinical examination and confirmed by biopsy or FNA [18,42].
Imaging studies may then be used to map the extent of disease, detect bone
invasion and cervical adenopathy, and evaluate adherence of tumor to the
carotid artery [62–66]. Occasionally, a patient may present with cervical
nodal metastases without a clinically evident primary lesion. In this setting,
cross-sectional imaging obtained before panendoscopy and biopsy is useful
to locate submucosal tumor and direct biopsies to possible targets. Cross-
sectional imaging may also facilitate the detection of recurrent disease
following therapy [62–66]. The advanced imaging techniques presently
available include CT, MRI, and positron emission tomography (PET) [62–
66]. Ultrasonography, often in conjunction with FNA biopsy, may also be
useful.

Fig. 6. Dysmorphic leukoplakia on the mid-lateral, ventral tongue stained with toluidine blue.

Note the area (ulcerated) with the greatest uptake of toluidine blue. This lesion was

subsequently diagnosed as oral squamous cell carcinoma.
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Chemoprevention

Several clinical trials with pharmacologic agents such as retinoids aimed
at the prevention of the progression of leukoplakia to frank carcinoma have
been performed without real long-term success [67–72]. Although some data
have shown that 13-cis-retinoic acid may reverse oral leukoplakia, a com-
mon premalignant lesion in the mouth, the data are inconclusive, and there
is considerable concern about the toxicity of some of the particular retinoids
used in these trials. Patients receiving these agents have had a dropout rate
of up to 10%/year secondary to toxicity [67–72]. Additionally, patients who
have received prior chemotherapy and have hepatic disease have been
excluded from these trials. There is a reasonably high likelihood that a head
and neck cancer patient may have either or both of these exclusion criteria.
Because the duration of delivery for chemopreventive agents for head and
neck cancer has not been determined, the use of compounds with
unacceptable long-term adverse toxicity profiles is questionable [67–72].

Therefore, chemoprevention of oral leukoplakia remains experimental
[72,73]. Because of the high potential of treating oral leukoplakia effectively
and preventing progression to oral cancer, multiple clinical trials are
currently underway with several potentially effective chemoprevention
agents such as ketorolac, celecoxib, and piogliozone [73].

Follow-up

Because many methods of managing leukoplakia are not always feasible
or effective, these patients must be observed periodically [18,42]. The follow-
up examination should be frequent (\6 months) depending upon the actual
diagnosis and clinical scenario. The follow-up examination includes careful
clinical observation and an occasional biopsy [18,42]. Follow-up biopsy is
indicated when changes in signs or symptoms occur. These changes may be
subtle. Exfoliative cytology using the brush biopsy technique and vital
staining with toluidine blue help supplement clinical judgment and serve as
an adjunct to biopsy. Because the standard for diagnosis is tissue biopsy
with histopathologic examination, the value of adjunctive techniques is to
accelerate microscopic evaluation by indicating the need of biopsy in
situations in which a biopsy is delayed or not thought to be indicated or
necessary. Negative smears or stains must be balanced with good clinical
judgment. Therefore, if clinical suspicion persists in a lesion that does not
disappear, a standard scalpel biopsy must be considered [18,42].

Treatment

Long-term survival and functional results of treatment depend on the
stage of the tumor, histology, and treatment plan [18,42]. The treatment
plan is developed at pretreatment conferences (tumor boards) by multi-
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disciplinary consultants and subsequent patient/family concurrence. Addi-
tional important outcome factors include the patient’s nutritional status,
general health, tobacco use, alcohol intake, and anticipated compliance with
the rigors of therapy [74–79].

Curative treatment modalities include local surgery with wide margins
and radiation or a combination of both. Chemotherapy may be used with
these modalities to enhance cure rates and to preserve function, which
increasingly has led to organ-preservation strategies. If there is a question
about survival of the patient, the choice may be to employ measures to
ensure palliation, control pain, and maintain quality of life [74–79].

Head and neck surgeons, radiation oncologists, dentists, and rehabilita-
tion specialists all are involved cooperatively in the treatment process. The
side effects of treatment are permanent and diminish oral function.
Treatment planning is based on careful cancer staging and selection of
therapies, which allows for prognostication and facilitates the reporting of
outcomes. Physical examination, open biopsy, or FNA biopsy and
radiologic imaging studies that include CT, MRI, and PET are used to
classify and stage the disease [74–79].

Most of the major functional disabilities following treatment are related
to the volume of the disease and to the degree of radiation or chemotherapy
required for treatment. The treatment, in turn, is related to the post-
operative complications including the extent of mandible (or other tissue)
loss, reduction of tongue mobility, caries and loss of dentition, xerostomia,
muscle trismus, diminished taste and mastication, risk of osteoradione-
crosis, and anesthesia of the oral cavity. To achieve a cure, the treatment
plan considers an adequate resection of tumor and surrounding normal
tissue and the addition of the lymphatic drainage while attempting to
preserve as much normal anatomy and physiology as possible [74–79].
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