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A genetic progression model of oral cancer: current
evidence and clinical implications
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Based on recent genetic studies, we propose a progres-
sion model for the development of oral squamous cell
carcinoma. In the initial phase, a stem cell acquires a
genetic alteration; subsequently a patch is formed, a
clonal unit consisting of the stem cell with its daughter
cells that all share the DNA alteration. The next critical
step is the conversion of a patch into an expanding field as
a result of additional genetic alterations. This mucosal
field replaces the normal epithelium and in the oral cavity
such fields have been detected with dimensions of over
7 cm in diameter. Sometimes these fields are visible as
leukoplakia. Ultimately, clonal selection leads to the
development of carcinoma within this contiguous field of
pre-neoplastic cells. An important clinical implication of
this model is that fields often remain after surgery of the
primary tumor and may lead to new cancers, presently
designated by clinicians as second primary tumors or
local recurrences.
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Genetic progression

In recent years considerable progress has been made in
understanding the genetic basis of the development of
oral squamous cell carcinoma (or shortly: oral cancer). It
is well established that an accumulation of genetic
alterations is the basis for the progression from a normal
cell to a cancer cell, referred to as multi-step carcinogen-
esis (1). Progression is enabled by the increasingly more
aberrant function of genes that positively or negatively
regulate aspects of proliferation, apoptosis, genome
stability, angiogenesis, invasion and metastasis (2).
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Gene function can be altered in different ways: tumor
suppressor genes may be inactivated by mutation,
deletion or methylation and oncogenes can be activated
by mutation or amplification. A description of these
alterations and how these are detected has previously
been described (3-5). Oral cancers are characterized by
a multitude of these genetic alterations and ongoing
research is focusing on identifying the critical genetic
events and the order in which they occur during
carcinogenesis. Frequently occurring genomic altera-
tions are supposed to contain the genes that are most
important for the development of a certain type of
cancer (6). Common alterations for oral cancer are
inactivation of CDKN2A (pl6 located at 9p21) and
TP53 (located at 17p13), gain of chromosomal material
at 3q26 and 11q13, and losses at 3p21, 13q21 and 14q32
(7, 8). For most of these regions the putative tumor
suppressor genes or oncogenes still need to be identified.
The frequency of these alterations in tumor and histo-
pathologically defined precursor lesions has formed the
basis for the description of the first genetic progression
model for head and neck cancer (1). In general, loss of
chromosomal material (allelic losses) at 3p, 9q and 17p
was observed in a relatively high proportion of dysplas-
tic lesions and therefore these alterations were inter-
preted to be early markers of carcinogenesis. Losses at
13q and 8p where more frequent in carcinomas than in
dysplasias, indicating that these events are associated
with the later stages of carcinogenesis. Several studies
suggest, however, that early genetic changes do not
necessarily correlate with altered morphology. Recent
genetic findings prompted us to propose a un update
of this progression model with important clinical
implications.

Patches: early alterations of stem cells

The oral squamous epithelium is maintained throughout
adult life by stem cells, defined as cells with the capacity
to self-renew and to generate daughter cells that can
differentiate to form all of the cell types that are found in
the mature tissue (9). Thus far, stem cell biology
research has mainly been performed in the hemato-
logical system, but knowledge about these cells in
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solid tissues is increasing. Although no definitive
identification of stem cells in the oral mucosa has
been made, studies in skin have provided important
insight (10). Stem cells are responsible for tissue renewal,
a process that continuously takes place in the oral
mucosa and in addition they are involved in tissue
damage repair. These cells are believed to be located in
the basal layer and have a slow proliferative rate (9, 11).
When a stem cell divides in a asymmetrical way (12), one
daughter cell is completely identical and retains the
capacity for self-renewal, while the other daughter cell
goes through a number of cell divisions and gives rise to
ultimate terminally differentiated populations. The cells
intermediate between stem cells and terminally differen-
tiated cells are known as transit amplifying cells and are
located in the basal and the suprabasal layers of the
epithelium. The stem cell together with its related family
of daughter cells form a ‘clonal unit’ (13), of which the
size has been estimated at 2 mm in diameter in normal
human skin (14).

Most tumors are clonal in origin and it has been
estimated that five events in humans are required to
transform a normal cell into a cancer cell (15). So, only
long time residents of the epithelium, most likely the
stem cells, have the ability to accumulate the number of
necessary genetic hits that will result in cancer forma-
tion. Thus, oral cancer is likely to originate from the
stem cells in the oral mucosa (10).

Clusters (<200 cells diameter) of cells can be observed
in the oral mucosa with p53 immuno-staining and
sequence analysis showed that the p53 gene is mutated
in these cells (16). This ‘patch’ has been interpreted as a
clonal unit of mutated cells. The stem cell has genetic
damage in the form of a mutated p53 gene and has
transferred this mutation to its daughter cells. Other
investigators have also found evidence for the existence of
mutated clonal units in oral epithelium (17). Clusters of
pS3-mutated cells have also been found in the normal
human skin (18), and in sun-exposed skin these clusters
were more frequent than in sun-shielded skin. For the skin,
the size and distribution of p53 mutated patches could be
compared with the distribution of clonal units, i.e. stem
cells (identified on the basis of a high beta-1 integrin
expression) with accompanying daughter cells (19).

We propose that a p53 mutated patch in the oral
mucosa is a first manifestation of oral cancer. The
chances that a single stem cell that has sustained a p53
mutation subsequently will acquire additional oncogenic
alterations are very low. Two mechanisms, however,
may contribute to the increase of the probability that
cancer develops. First, the population with stem cell
characteristics may increase and more cells are the
source of subsequent clonal expansion (12, 20) and
secondly, a specific genetic hit leads to a general ‘genetic
instability” (21).

Fields of genetically altered cells

Tumor-adjacent macroscopically normal epithelium
has been found to contain genetic alterations and this
was the reason to designate this tissue ‘field at
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risk” (22, 23). By measuring loss of heterozygosity
(allelic loss) and the mutation of the p53 gene, a
quantitative analysis has been performed on a group
of patients with oral and oropharyngeal cancer (24).
It was shown that at least one-third (10 of 28) of
consecutive tumors have tumor-associated genetic
alterations in a biopsy taken from the macroscopically
normal mucosa adjacent to the tumor. In the majority
of these cases the genetically altered cells could also
been found in the margins of the specimen that has
been removed by the surgeon. As only a limited part of
the mucosa was sampled, the real frequency of lesions
with genetically altered cells, or in short ‘field’, may be
higher. These field lesions are much larger than
patches, being at least 4 mm in diameter and show
allelic loss at various chromosome arms, particularly at
3p, 9p and 17p. A recent study showed that fields can
have a diameter of over 7 cm (25). Detailed compar-
ison of the aberrations between a field lesion and the
corresponding tumor revealed a genetic relationship for
almost all cases (24-28). On the basis of the common
clonal origin of field and carcinoma, and the observa-
tion that field never shows invasive growth, it is
plausible that field is the lesion that precedes cancer.

Clinical investigations are hampered by the fact that
a field needs to be detected with molecular biological
techniques or non-routine visualization techniques,
like fluorescence in situ hybridization (22). However,
there is an exception: some fields are visible as
leukoplakia. Leukoplakia is defined as a ‘predomin-
antly white lesion of the oral mucosa that cannot be
characterized as any other definable lesion; some oral
leukoplakias will transform into cancer’ (29). The
prevalence of leukoplakia is 0.1-0.2% in the normal
population.

Importantly, a proportion of these lesions develop into
carcinoma with a constant rate of 2-3% per year (30).
Some leukoplakia lesions do contain cancer-associated
genetic alterations and can be considered field by defini-
tion (26). This refers to losses at 3p, 9p and 17p, and also
for mutations in the p53 gene (31), genetic alterations
known to occur early in oral carcinogenesis (1).
A proportion of oral carcinomas have at the time of
diagnosis adjacent leukoplakia (32).

Although most of these fields with genetically altered
cells are macroscopically not detectable, conventional
histopathology can be helpful. With respect to the
relation between the presence of genetic alterations and
histopathological detection some general statements can
be made (33): (i) all severe and moderately dysplasias do
contain genetic alterations, and (ii) one-third of the
mildly dysplastic lesions do not contain genetic aberra-
tions and (iii) some normal epithelia do contain areas
with genetically altered cells. In addition, genetically
altered fields can be detected with immuno-staining. A
good correlation was described between the presence of
genetically alterations and the percentage of prolifer-
ating (KI-67 positive) cells (33). For other markers that
have been detected with immuno-staining in carcinoma
adjacent mucosa (34-36), such a correlation needs to be
established.



The patch-field-carcinoma model

Current knowledge prompted us to propose the follow-
ing progression model for oral cancer (Fig. 1). In the
initial phase, a stem cell acquires one (or more) genetic
alterations, one of which is likely to be a mutation in the
p53 gene and forms a patch with genetically altered
daughter cells. As a result of subsequent genetic
alterations the stem cell escapes control and gains
growth advantage, and the patch starts to expand in a
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Precursor lesion
becomes carcinoma
and new precursor
lesion develop

lateral direction. Which critical hit is important for the
cells of a patch to leave their natural containment is
unknown as yet. Larger clones encompassing the size of
several stem cell clusters have been observed in skin
suggesting that clonal expansion in a lateral direction
indeed do take place in squamous epithelium (10, 37).
The field lesion grows and takes over the normal
epithelium, without becoming invasive. The process may
be accelerated by the expansion of the genetically altered
stem cell population through ‘symmetrical’ stem cell

Epithelium
Basal layer with stem
cells

Connective tissue

Patch phase

Expanding
field phase

Precursor lesion
develops within field

Carcinoma excised;
field and precursor
lesion remain

Second field tumor
(SFT) develops from
precursor lesion

Figure 1 Schematic overview of the proposed concept of carcinogenesis of oral squamous cell carcinoma. At the top the epithelium is shown
(green) with the basal layer (light orange) including the stem cells (three are shown) and connective tissue (blue). Underneath the formation of a
patch (dark orange), as a clonal unit of genetically altered cells is shown. Next the formation of an expanding field (red) from a patch is visualized.
Within such field of genetically altered cells a pre-neoplastic lesion develops (light yellow). In the next stage that lesion develops into cancer (yellow)
and another pre-neoplastic lesion emerges. The carcinoma is resected by the surgeon, but the field and the lesion remain in the patient. At the

bottom the development of a second field tumor is shown.
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divisions (12). As a result more cells are target for
subsequent ‘hits’. Multiple clones develop within a field,
and while genetic hits continue, the number of affected
cells is increasing by virtue of the processes of clonal
expansion and selection. Each time the daughters of the
most dominant clone overtake in a wave-like fashion the
rest of the cells in the field (21). So, large areas of normal
mucosa are replaced by cell populations that are
becoming increasingly more genetically aberrant, but
are of monoclonal origin. During the process of clonal
selection fields can be heterogeneous (24), because of the
continuing accrual of genetic changes. These expanding
fields are genetically characterized by loss of hetero-
zygosity (LOH) at 3pl12-24, 9p21 and 17pl3 and a
mutation in the p53 gene (24, 25), aberrations that are
also observed in dysplastic leukoplakia. When the p53
gene mutation leads to over-expression of the protein
the fields can be visualized by immuno-staining (16). In
addition to the p53 pathway, the pRB/pl16 pathway is
often perturbed in fields (38). At some time point during
field expansion, the process of genomic instability may
enhance the speed at which mutations occur (39). The
presence of a large number of genetically altered cells is
a continuous threat and a certain time point the clonal
section process leads to the development of a subclone
with dramatic consequences: a carcinoma characterized
by invasive growth and metastatic potential. Details of
this ultimate transforming event have not been revealed
yet, but the chance of this to happen in patient will be
proportional to the number of patches and the number
of additional hits. So, this proposed genetic progression
model has a monoclonal origin as a strong basis (40).
Two critical steps in the model can be discriminated: the
conversion of a patch stem cell into an expanding
population of stem cells without proper growth control
and the eventual transforming event, turning a field into
an overt carcinoma with invasive growth and metastasis.

Clinical implications of the patch-field-
carcinoma model

The concept of carcinogenesis with an expanding field as
intermediate lesion has important clinical consequences.
It is a well-known experience that after surgical removal
of a tumor, there is still a high risk for another cancer in
the same anatomical area. For some cases this new
cancer is explained by the regrowth of incompletely
resected carcinoma. However, for cases where the
pathologist has shown that the resection of the tumor
has been radical, it is a likely possibility that the
genetically altered field is the cause of new cancer. The
presence of a field bears a continuous risk for cancer
development. This is not merely a theoretical estimation,
but in fact, it has already been shown that genectically
altered fields that remain after surgery develop into
cancer (24, 41, 42). This provides a new paradigm of
how one should evaluate the phenomenon of another
cancer after surgery of an oral carcinoma. The defini-
tions of ‘local recurrence’ and second primary tumor
need a genetic addendum (5). The term ‘second primary
tumor’ was proposed to represent the second tumor that
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has developed independently from the first tumor. At
this moment clinical criteria are used to define a second
primary tumor: it developed more than 2 cm away from
the index tumor or the time-interval between the
carcinomas to occur was more than 3 years (5). When
a second tumor arises from the same field in which a first
tumor has developed, we proposed it to designate it a
‘second field tumor’ (SFT). It is important to make this
discrimination because this different etiology may have
consequences. Second field tumors will be followed
relatively easily by third and fourth tumors. Therefore, a
patient who has had a second field tumor may need a
follow-up, characterized by frequent and more focused
examinations. An analogous discussion can be consid-
ered with respect to the development of a local recur-
rence. These lesions are defined according to clinical
criteria to occur less than 2 cm away from the primary
tumor within a time period of 3 years (5). In fact, this
type of lesion can be the result of remaining tumor cells
but also the local remnant of field may develop into
cancer (16). So, in fact a local recurrence and a second
primary tumor can both have emerged from a same type
of precursor lesion, a field with genetically altered cells.

It is not known what specific genetic characteristics
determine the risk of a field to develop into cancer.
Future research efforts should focus on identifying the
genetic alterations that are responsible for this progres-
sion to invasive carcinoma. Research on low-grade oral
dysplasia show encouraging results when identifying
these genetic markers. It was shown that the number
and type of genetic alterations is associated with an
increased cancer risk (27, 28, 42). There seems to be a
place for molecular grading; conventional histopatho-
logical grading has reached its plateau and needs
improvement. It is generally known that histopatholog-
ical grading is subjective (33) and it has limitations to
predict progression to cancer (41).

Patients with a field are a potentially important target
group for the study of cancer prevention. When genetic
markers can be used to predict a high risk for cancer,
chemoprevention trials can be started in this patient
groups. Clinical trials of this type have an important
advantage: it is known where approximately the lesion
will develop and the disease process can be followed by
taking samples in a non-invasive way, i.e. brushing of
cells.

In conclusion, the presence of a field with genetically
altered cells is a risk factor for oral cancer. The presence
of a large number of pre-neoplastic cells is likely to
increase the risk for another cancer. Detection and
monitoring of a field at risk and the development of a
targeted molecular intervention may have profound
implications for oral cancer prevention.
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