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P R A T I Q U E C L I N I Q U E

Oral squamous cell carcinoma (SCC) is the most
common cancer of the head and neck. Each year it
accounts for more than 300,000 cases worldwide,

more than 30,000 cases in the United States and more than
3,000 cases in Canada. The 5-year survival rate for oral SCC
has remained at approximately 50% for the past several
decades.1 A key factor in the lack of improvement in progno-
sis over the years is the fact that a significant proportion of oral
SCCs are not diagnosed or treated until they reach an
advanced stage. This diagnostic delay may be caused by either
patients (who may not report unusual oral features) or health
care workers (who may not investigate observed lesions thor-
oughly),2-4 and it is presumed that such delays are longer for
asymptomatic lesions. The prognosis for patients with oral
SCC that is treated early is much better, with 5-year survival
rates as high as 80%; in addition, quality of life improves after
early treatment,5 because cure can be achieved with less
complex and less aggressive treatment than is necessary for
advanced lesions. Furthermore, many oral SCCs are believed
to develop from oral premalignant lesions, and early detection

and diagnosis of these premalignant lesions should be possible.
Identification of high-risk oral premalignant lesions and inter-
vention at premalignant stages could constitute one of the keys
to reducing the mortality, morbidity and cost of treatment
associated with SCC. In addition, certain patients are known
to be at high risk for head and neck cancer, specifically those
who use tobacco or alcohol and those over 45 years of age.
Such patients can be screened by physical examination, and
early-stage disease, if detected, is curable. This paper reviews
recent advances in techniques for detecting lesions early and
predicting their progression or recurrence.

Molecular Change in Carcinogenesis
Several potential markers of molecular changes in oral

premalignant and malignant lesions have been studied, and
interest in the genetic changes associated with these lesions is
increasing.6–21 Progression from benign to malignant disease is
a genetic process that later becomes evident at the cellular level
(phenotypic change) and ultimately at the clinical level. Recent
studies have identified a molecular (genetic) profile of risk of
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malignancy in premalignant oral lesions.6–10,16–20 These studies
assessed microsatellite markers (short DNA sequences repeated
throughout the genome) to detect imbalance or loss of
heterozygosity (LOH) in the genetic sequence of specific chro-
mosomes in these tissues (Figs. 1a, 1b and 1c). These studies
showed a progression of genetic change, with early changes
occurring at 2 specific chromosome sites (sites 3p14 and
9p21).7 The risk of progression to cancer is low when no
genetic change is seen, intermediate if there is genetic loss on
the short arms of chromosomes 3 and 6 (3p and 9p) and high
if there is 3p and 9p loss accompanied by genetic loss on addi-
tional chromosome arms (including 4q, 8p, 11q, 13q and
17p)7,10,11 (Fig. 2). Lesions with LOH on 3p or 9p (or both)
and genetic loss on 4q, 8p, 11q, 13q or 17p have a 33-fold
greater risk of progression to malignancy than lesions with no
genetic loss.6,19 High-risk lesions, as indicated by LOH, may
progress to cancer over a 5-year period in up to 50% of cases,
whereas low-risk lesions progress to cancer in only 2% of
cases.8,11 These findings have led to a molecular model of
carcinogenesis (Fig. 2).

Results of studies of LOH in premalignant lesions are
consistent with those of studies of head and neck SCC, which
document accumulation of molecular changes.20 After excision
of both malignant and premalignant lesions, the margins may
appear clinically and histologically within normal limits but
they may retain the genetic markers of increased risk. There
may be a greater risk of recurrence if some genetically abnor-
mal cells are left untreated or if there was advanced genetic
change within the lesion. Therefore, molecular evidence of
clear margins may be essential in confirming adequate
management of premalignant and malignant lesions, and
margins may in future become the markers of adequate
treatment.6,8,9–11,20

Common risk factors for oral cancer, including tobacco and
alcohol use, may result in broad areas of change in the oral
mucosa (what is known as field cancerization). Molecular
change may be present in these areas before cellular phenotypic
changes become detectable by light microscopy. A recent study
showed that leukoplakia at high-risk oral sites exhibited more
advanced molecular changes (LOH) than were suggested by
the histologic findings, which were similar to those of lesions
from lower-risk sites in the oral cavity.21 In such cases, manage-
ment is difficult, and multiple and recurrent lesions may
develop. Oral white and red lesions (leukoplakia, erythroplakia
and erythroleukoplakia) is considered a premalignant lesion,
even though risk of malignant change is small and unpre-
dictable. Examination of molecular changes may advance our
understanding of which lesions are a greater risk of progressing
to malignancy. In SCC, molecular markers can be used to
predict lesions at greater risk of recurrence, and extension to
lymph nodes and bone, and metastatic spread.12,19,20 Molecu-
lar change may be local, resulting in single lesions with accu-
mulation of genetic change over time, or regional, involving all
at-risk tissue exposed to carcinogens. Molecular markers may
allow intermediate measurement of the outcome of therapy, as
molecular change occurs before histologic change.22

Clinical Assessment and Diagnostic Sampling
The principal methods for assessing mucosal changes

include recognition of risky behaviours and high-risk
individuals. Patients at highest risk are those who have had
previous cancer of the upper aerodigestive tract, of whom 10%
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Figure 1a: Diagrammatic representation of 2 pairs of chromosome
from a patient, with alleles from both parents (M = maternal allele, F =
paternal allele). One pair of the chromosome is from normal cells (N)
and the other pair is from abnormal cells (A) (either dysplasia or squa-
mous cell carcinoma) of the same patient. The chromosome pair from
the abnormal cells shows a loss of a chromosome region (loss of
heterozygosity, LOH) that contains tumor suppressor genes on the
paternal allele (F) (see arrow).

Figure 1b: Autoradiograph of DNA bands in a polyacrylamide gel.
DNA isolated from normal tissue cells (N) have 2 bands (the upper
band is the paternal band and the lower band is the maternal band,
as shown in Fig. 1a). The abnormal cells (A) also display 2 bands,
indicating no chromosome loss at the region (no loss of tumor
suppressor genes).

Figure 1c: Autoradiograph of DNA bands in a polyacrylamide gel.
The normal tissue cells (N) have both the upper paternal band and the
lower maternal band. In contrast, DNA isolated from abnormal cells
(A) show only the lower maternal band with a loss of the upper pater-
nal band (arrow), indicating chromosome loss at the region (loss of
tumor suppressor genes).
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to 22% will experience recurrence of the cancer or develop-
ment of a second primary cancer within 2 years of treat-
ment.2,23–27 Those who use tobacco products and alcohol are
also at greater risk.

Clinical Examination
Clinical examination for oral premalignant lesions and SCC

should include a thorough head, neck and intraoral examina-
tion, with examination of the cervical lymph nodes and visual
examination and palpation of the oral mucosal surfaces.
Erythroplakia, leukoerythroplakia, verrucous lesions and ulcer-
ative lesions may represent higher risk, whereas homogeneous
leukoplakia carries a lower risk of dysplasia or malignancy at
diagnosis. The location, size, border, colour and surface charac-
teristics of any lesion should be recorded so that future changes
can be recognized. A clinical classification of leukoplakia has
been described to facilitate continuing research and to assist in
determining the need for biopsy and treatment of a mucosal
lesion.28,29 The diagnosis of leukoplakia, erythroplakia and
irregular lesions is challenging because the clinical appearance
alone is not diagnostic; for example, frictional keratosis may
resemble leukoplakia, and inflammatory lesions may look like
erythroplakia.28,30,31 When a biopsy is performed, site selection
is critical, as the histologic features may vary in non-uniform
lesions. If only areas of less severe cellular change are sampled,
the less severe cellular pattern observed may be interpreted as
representative of the lesion as a whole (even if there are other
areas of more severe cellular change), and appropriate treat-
ment may not be given. Similarly, histologic interpretation is
itself a subjective science, and interpretation varies among
pathologists; this variability can also lead to inappropriate
diagnoses and treatment.

Vital Tissue Staining
Vital tissue staining has been identified as an adjunct to

the early recognition of malignant lesions. Toluidine blue
(tolonium chloride) is a metachromatic dye that stains

mitochondrial DNA, cells with greater-than-normal DNA
content10 or altered DNA in dysplastic and malignant cells.32

In experienced hands, at institutions where large numbers of
cancer patients are seen, topical application of toluidine blue
assists in identifying sites of malignant change and possible
high-grade dysplasia. These studies have shown high sensitiv-
ity, no false-negative results and good positive predictive
values.33–37 A recent study showed biospy guided by toluidine
blue in patients previously treated for head and neck cancer
revealed LOH in all patients who had had SCC and in 82%
of those who had had carcinoma in situ.32 In that study, LOH
was observed in 59% of histologically benign specimens from
lesions that had previously been described as false-positive on
the basis of toluidine blue staining; therefore, these lesions
actually demonstrated the molecular changes associated with
progression to cancer although their histologic features
appeared benign.32 However, widespread application of tolui-
dine blue should be undertaken with caution, as there are no
studies assessing its use in nonspecialty centres or assessing the
practices of individuals with less experience in interpreting
results. If this dye is felt to be appropriate as an adjunct to
visual examination, especially for patients with suspicious
lesions, referral to a centre or individual with extensive experi-
ence in head and neck cancer is recommended. Toluidine blue
has also been reported as an aid in selecting biopsy sites and in
delineating the margins of lesions.

DNA Content
A recent study assessed the DNA content of oral leuko-

plakia and followed 150 patients for a mean of 8.6 years.10 Of
the dysplastic lesions, the risk of progression increased with
greater DNA content: 70% were low-risk diploid lesions of
which 3% progressed to cancer during follow-up, 13% were
intermediate tetraploid lesions of which 60% progressed, and
17% were high-risk aneuploid lesions of which 84%
progressed. The degree of cellular atypia (dysplasia) did not
correlate with DNA content or cancer risk. However, it is
possible that lesions that appeared to be at greater risk were
treated with wider excision, which would reduce the actual
risk.

Exfoliative Cytology
Oral biopsy represents the gold standard for determining

the nature of a mucosal lesion and for diagnosing SCC, and
exfoliative cytology has, until recently, been discounted as a
tool for assessing oral mucosal lesions. However, techniques
have now been reported that include evaluation of exfoliated
oral epithelial cells and comparisons of these methods with
biopsy techniques. Exfoliative techniques have the advantage
of being minimally invasive, and they do not require local
anesthetic. Use of a cytobrush reportedly allows sampling of
the full thickness of stratified squamous epithelium of the oral
mucosa.38 Full-thickness sampling is essential if histomorpho-
logic evaluation of the collected cells is to yield representative
findings. For example, many dysplastic lesions are first
identified in the basal epithelial layers, and the diagnostic

Figure 2: Molecular model of oral carcinogenesis. The diagram shows
the genetic progression from dysplasia to squamous cell carcinoma
(SCC), through changes in the p or q arm of chromosomes 3, 4, 8, 9,
11, 13, and 17. CIS = carcinoma in situ.
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histomorphologic findings may be lost as the cells mature and
parakeratin and keratin are produced.

A recently reported technique includes computerized assess-
ment of exfoliated cells for screening purposes, followed by
evaluation by a pathologist if the computer analysis identifies
any abnormality.38 In that study, sensitivity for oral sampling
was 100%. However, biopsy was not performed for all lesions,
so negative results could not be assessed. In addition, cell collec-
tion for several specimens was described as “inadequate,” and
these specimens were not included in the calculations of sensi-
tivity and predictive values. Caution in using this technique is
recommended for several reasons: the findings are based on a
single study, the study had several limitations, the technique has
not been evaluated by general practitioners, and reports of false-
positive and false-negative results have been posted on the
Web site of the Bulletin Board for Oral Pathology
(www.sdm.buffalo.edu/bbop/). Further study is continuing.

Molecular Analysis of Exfoliated Cells
Exfoliated cells can be subjected to additional analysis. As

noted above, changes occur at the molecular level before they
are seen under the microscope and before clinical changes
occur. Molecular changes in the progression to SCC include
common changes at chromosome sites that lead to changes in
RNA and subsequent protein production. LOH and other
molecular changes, including changes at p16, p53 and cyclin
D, can be assessed in exfoliated cells.6,7,22 Molecular analysis of
cells collected by rinsing the mouth has shown the same
changes as are present in tumor biopsy specimens.39 Exfoliated
cells from oral lesions had LOH that was highly correlated with
biopsy findings from the same sites; there were no false-positive
results.40 Examination of exfoliated cells for molecular markers
may allow assessment of the progression of change and the
outcome of therapy, including preventive studies.41 Thus,
molecular assessment of exfoliated cells may make it easier to
diagnose lesions and assess their progress during treatment and
follow-up.

Further studies of both exfoliative techniques and use of
toluidine blue are under way. Ultimately, studies of the use of
these techniques by less experienced clinicians will be neces-
sary.

Discussion
Several adjuncts to visual examination, specifically applica-

tion of toluidine blue and exfoliative cell collection, may lead
to advances in the recognition of lesions and may guide selec-
tion of biopsy sites. Toluidine blue and exfoliative techniques
are now clinically available, and it is expected that molecular
evaluation of oral lesions will eventually become clinically
available. Molecular techniques are expected to aid in diagno-
sis and staging of disease, and in providing intermediate mark-
ers to assess treatment interventions. In addition, advances in
knowledge may lead to new therapies, ultimately improving
the management of at-risk lesions once they are identified, as
well as improving the prevention and management of SCC.

In the past, exfoliated cell collections did not sample the

full thickness of the epithelium, which led to a large number
of false-positive and false-negative results, relative to diagnosis
by biopsy. Collection of exfoliated epithelial cells by cytobrush
may yield more complete sampling of the epithelium, but the
data obtained will still be less than that available through
biopsy, as the relationship between epithelial cells and the
connective tissue cannot be assessed from exfoliated cells.
Combining information from molecular markers with exfolia-
tive techniques may overcome some of the current limitations
of exfoliative cytology. These combined techniques may prove
to be sensitive and specific procedures that can be performed
sequentially over time and perhaps as screening methods for
at-risk lesions already identified.

Molecular markers are expected to become essential in the
diagnosis and management of patients with oral cancer; they
will guide future study and clinical care and will ultimately
lead to new interventions directed at the molecular changes of
cancer. Use of molecular markers allows earlier diagnosis and
staging of tissue change, before changes in cell morphology
occur and certainly before tissue changes become clinically
visible. Ultimately, the use of molecular markers in diagnosis
may lead to better survival and less treatment-associated
morbidity through early recognition of and intervention for
at-risk oral lesions. Thorough examination and appropriate
selection of biopsy sites, coupled with expert histopathologic
evaluation, are required for diagnosis of oral leukoplakia and
erythroplakia. Clinicians should start thinking at the molecu-
lar level as advances in our understanding of the pathogenesis
of cancer and in the diagnostic armamentarium at our disposal
continue. C
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