
The prognostic role of clinical, morphological and molecular markers in oral

squamous cell tumors

Minireview

Zs. NÉMETH, N. VELICH, S. BOGDAN, M. UJPÁL, G. SZABÓ, ZS. SUBA

Department of Oral and Maxillofacial Surgery, e-mail: nemeth@fok.usn.hu, Semmelweis University Budapest, H-1085 Budapest, Hungary

Received June 22, 2004

Despite of considerable advances in the diagnostic and therapeutic possibilities, the prognosis of epithelial tumors in the
oral cavity is still very poor. A knowledge of the prognostic factors at the begining of treatment is therefore indispensable for
determination of the appropriate therapy for the given patient. These factors may be linked to the patient (e.g. age, sex, gen-
eral condition and immunological parameters) or to the tumor (localization, TNM stage, histoAbbreviations: AgNOR –
argyrophylic nucleolar organizer regions; AI – apoptotic index; Bcl-2 – protein which regulates the apoptosis; Cyclin-D1 –
protein which regulates the cell cycle; EGF – epidermal growth factor; EGFR – epidermal growth factor receptor; ErbB-1 –
a gene coding the EGF; FSH – follicle-stimulating hormon; Ki67 – nuclear antigen; MI – mitotic index; MMP – matrix
metalloproteinase; MVD – capillary-density (micro vessel density); NK – natural killer; P53 – nuclear protein; PCNA – pro-
liferating cell nuclear antigen; TGF- – transforming growth factor-; TE – testosteron; VEGF – vascular endothelial growth
factor.logical features, DNA content distribution, or immunhistochemical and other parameters). A survey of the literature
reveals that the TNM stage, the grade, the mode of invasion and the depth of the tumor infiltration are generally the most im-
portant factors influencing the fate of the patient. The prognosis depends primarily on the clinicopathological parameters,
though even if they are known, it is not possible to screen out those patients who are at particular risk of a relapse. During the
past 10 years, study of the DNA content distribution, the proliferation markers and certain oncogenes has come into the fo-
cus of attention; great interest is also shown in the extracellular matrix components and the metalloproteinases, which play
key roles in the invasion and metastasis formation.
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The prevalence of the oral cavity tumors is displaying the
most dynamic growth among malignancies. Whereas the
death rate from tumors overall in Hungary rose by only 2.8
fold between 1948 and 2000, that from tumors of the lip, oral
cavity and pharynx in the same period increased nearly
6 fold. The increases relative to 1970 and 1980 were 4.5 fold
and 2.5 fold, respectively, and even during the 1990s there

was a rise of around 70 % [63]. Since nearly 70 % of the
patients present for care in stage III or IV, many experts con-
sider that the solution lies in the prevention or at least the
early recognition of the disease; in narrower sense, however,
this is a health-policy rather than a health-care question.

In spite of the fact that there have been substantial develop-
ments in both diagnostic and therapeutic possibilities during
the past 20 years, the prognosis of epithelial cancers of the
head and neck is still very unfavourable. The fate of the pa-
tients depends decisively on the classical clinicopathological
parameters: location, tumor size, lymph node status, tumor
grade, depth of invasion and distant metastasis [44, 60]. In
many cases these factors do not ensure a clear cut standpoint
as concerns the prognosis; it is known that, even in tumors of
the same histological type, location and stage, the course of
the disease may differ considerably in two given patients.
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During the past 30 years, great emphasis has been placed
on the determination of prognostic factors in cases of malig-
nant tumors of the head and neck. Numerous systems have
been devised, and numerous investigations have been per-
formed, not only on the clinical parameters relating to the pa-
tient and the tumor, but also on histological, immunohisto-
chemical and biological markers.

The Department of Oral and Maxillofacial Surgery at
Semmelweis University is the largest stomato-oncological
centre in Hungary. 800–900 new cases of carcinoma of the
oral cavity are treated annually. Based on our own treatment
experiences of high number of cases as well as recent literary
data we are trying to summarize prognostic values of all pa-
tient and tumor related data which could provide information
already at the time of diagnosis concerning the likely course
of the disease.

Patient-related factors

The significance of age in the establishment of the progno-
sis has been widely discussed. It is our own experience that
the younger the patient, the poorer the prognosis. A number
of clinical investigations have analysed the possibility of a
correlation between the age of the patient and the course of
the disease, but a positive correlation has not been found
[17]. Similarly, no connection has been demonstrated be-
tween the age and the prognosis, or between the age and the
response to chemotherapy (predictive factor) [17, 53].

The distribution of malignant tumors of the oral cavity on
the basis of sex is around 3:1 for males/females. However, re-
gression analysis of the data of COGNETTI et al on 152 patients
indicated a poorer prognosis for males [13]. EIBAND found
that sex and ethnicity did not have significant effects on the
survival [17]. Nevertheless, it may be stated with certainty
that, among our own patients with tumors of the oral cavity,
the proportion of females tends to increase from year to year.
This is especially true for lingual carcinoma, which was ear-
lier observed almost exclusively in males. The current ten-
dency may be explained by the spread of smoking and
alkohol consumption.

Simultaneous alcohol consumption and smoking is a high
risk factor in the development of malignant tumors of the oral
cavity. The data of DIETZ and SZABÓ demonstrated that, if the
relative risk factor for subjects who do not smoke or consume
alcohol is taken as 1, that for smokers is 15, and that for alco-
holics is 13, while it is 195 for those who smoke and drink
[15, 66].

A number of studies have dealt with the possibility of a
connection between the general condition of the organism
and the effectiveness of chemotherapy [3, 16, 31]. The
above-mentioned investigation by COGNETTI at al demon-
strated a significant correlation between the general state of
the patient and the response to cytostatic treatment [13].

In consequence of the heterogenity and complexity of the
immune-system, the immunological components are difficult

to evaluate as prognostic factors. Many observations have
been made in attempts to decide wheather the effectivity of
cytostatic agents depends on the absolute lymphocyte count,
on the proportions of the T-cell subpopulations [59], and the
natural killer (NK) cell activity, and/or on the serum levels of
the various immunoglobulins [52]. Even though the results of
some studies approached or even slightly exceeded the limit
of sigificance, no correlation was found between the values
of the measured parameters and the extent of remission.

A very important probability is the utilization of the re-
maining immunoreactivity of the cancer patient. Cytostatic
blocking of the immune system can be prevented by an indi-
vidual treatment, and a continuous control of the laboratory
findings.

Disease-related factors

The anatomical location is an important (but according to
the clinical examinations not significantly important) factor
determining the prognosis [34]. It is well known that the sur-
vival rates are favourable in cases of lower lip tumors, and the
survival is also essentially better in cases of forward location
of tongue or buccal tumors than in cases involving the root of
the tongue, the mesopharynx or the floor of the mouth that are
in the same stage [14]. Our own observation suggests that the
prognosis becomes less and less favourable in the following
sequence of locations: lip, bucca, free edge of the tongue,
floor of the mouth, gingiva and mesopharynx.

Among patients with tumors of the oral cavity, we may dis-
tinguish those in an early stage with a better prognosis (stages
I and II) and those in a more advanced stage with unfavour-
able prognosis (stages III and IV). Naturally, because of the
characteristics of the stage classsification, it may occur that a
small tumor causing only minimal bone destruction (without
cervical lymph node enlargement) may be classified in the
same stage as a tumor 4 cm in diameter that gives multiple
cervical metastases on one side. In our experience, in Hun-
gary 70–80 % of the patients are in stage III-IV when they
first seek out a physician, and this fact itself is responsible for
the poor prognosis.

In their retrospective study of 152 patients, EIBAND et al
found that there is a significant difference between patients in
stage I or II and those in stage III or IV as regards the overal
survival [17].

Tumor size. Similarly as for tumors in other localisations,
the size of a tumor in the oral cavity can be a determining
prognostic factor. The basis of the TNM stage classification
is given by the largest diameter of the tumor, together with
the regional and distant lymph node status. Nevertheless, in
cases of tumors of the oral cavity the size of the tumor fre-
quently does not exhibit a close correlation with the clinical
course. In accordance with other authors, WOOLGAR et al
concluded that the depth of the invasion in the direction of the
base of the tumor is the determining prognostic factor, and
not the surface dimensions [19, 73]. FRIERSON et al reported a
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significant correlation between the prognosis and the depth
of invasion of tumors of the lower lip. The critical depth of
the infiltration was determined to be 6 mm. For tumors ex-
tending deeper than this, locoregional metastasis formation
was observed in three-quarters of the patients [21]. However,
the correlation between the cervical lymph node status and
the prognosis is not clear cut. This is indicated by the obser-
vation of MOORE et al that there is only a low rate in
occurence of metastatic cervical lymph nodes in cases of epi-
thelial tumors smaller than 2 cm in the oral cavity, and meta-
static lymph nodes are not significantly more frequent even
in cases of larger tumors [42].

Lymph node status. Numerous studies have confirmed that
the lymph node status is the most important prognostic factor
in cases with head and neck tumors. The incidence of cervical
lymph nodes associated with the tumor displays a very wide
scatter, varying in a stage-dependent manner between 1 %
and 75 % in different publications [5]. The survival has been
reported to display a positive correlation with the number of
enlarged lymph nodes, their location and their degree of mo-
bility. A number of authors state that the prognosis primarily
depends not on the number of metastatic lymph nodes, but on
the tumorous infiltration of their capsule [6, 17, 66, 73].

Distant metastases. Some authors describe that 10 % of
patients with tumors in the head and neck already have dis-
tant metastases at the time of diagnosis [39]. Distant
metastases develop in further 10 % in the course of the dis-
ease [36]. Autopsy reveals distant metastases in 45–50 % of
the cases, most often affecting the lungs, the mediastinal
lymph nodes (35 %), the liver (30–40 %) and the bones [74].
In our complex of cases, distant metastases are much more
rare (less than 5 %). Epithelial tumors of the oral cavity that
have existed even untreated for 1–1.5 years rarely give me-
tastasis below the level of the clavicle.

Histological parameters

Tissue differentiation. Grade. During the past nearly 80
years, numerous authors have proposed classification sys-
tems relating to the tissue differentation of squamous epithe-
lial tumors in the head and neck region [3, 8, 9, 68, 29].
ANNEROTH determined 6 morphological features as the basis
of his system: keratinization, nuclear polymorphism, mitosis
rate, mode of invasion, depth of invasion, and degree of
stromal lymphocyte infiltration. Each of these parameters
was evaluated on a scale of 1–4, and the scores were
summed. The features were studied in the least differentiated
parts of the tumor [3]. The most-widespread grading system
is that of THOMSON, who classified tumors into well-differen-
tiated, moderately differentiated and poor-differentiated cat-
egories [68].

A number of authors have demonstrated that grade may be
taken into consideration as an independent prognostic factor.
FRIERSON et al reported that metastases are more frequent in
cases of grade III or IV [21]. Other authors have found that

the prognosis is very unfavourable for tumors displaying a
low level of differentation [61]. A comprehensive study of
114 cases of epithelial tumors of the head and neck revealed a
close correlation between a low degree of differentiation and
the lymph node status. It has been shown that well-differenti-
ated tumors give rise to cervical metastases more rarely than
do moderately or poor-differentiated epithelial tumors.

The investigations by HENK and LANGDON indicated that
the 5-year survival rates for well-differentiated, moder-
ately-differentiated and undifferentiated tumors were 40 %,
26 % and 12 %, respectively [24].

Perineural spread. Perineural spread has been character-
ized by some authors as an indicator of aggressive tumor pro-
gression [10, 21]. BYERS et al observed a perineural spread in
20 patients with tumor of the lower lip; this was accompanied
by a significantly increased incidence of cervical lymph node
metastasis and by a shorter survival [10]. A perineural spread
was observed by DANIELE et al in only 3 cases, but they did
not find a positive correlation with the occurrence of cervical
lymph node metastases [14].

Capillary density. Determination of the capillary density is
a relatively simple means of mapping tumor angiogenesis.
Neovascularisation, which is indispensable for the growth of
tumors, involves the formation of new vessels, starting from
the existing vascular network [4]. If vascular invasion is ob-
served in a morphological examination, this is a sign of an
unfavourable prognosis. On processing histological prepara-
tions from 33 patients with squamous epithelial tumors of the
oral cavity, ALCADE et al observed that the capillary density
on the invasive front of the tumors that gave rise to cervical
metastases was significantly higher than on the correspond-
ing areas of tumors that did not give metastases [2]. A similar
conclusion was reached by other authors [62].

Apoptotic index. The apoptotic index (AI) is the percent-
age ratio of the number of apoptotic cells to the overall cell
population. Its prognostic value is disputed. ITO et al did not
found a correlation between the AI and the course of tumors
of the oral cavity [28].

In cases of tongue carcinoma, NARESH et al observed a
lower number of lymph node metastases and a longer dis-
ease-free survival when the AI was low [43]. In a study of ep-
ithelial tumors of the oral cavity, SHINTAI et al found that a
low AI was associated with a weak ability to respond to radi-
ation therapy [54].

Mitotic index. The mitotic index (MI) is the percentage ra-
tio of the number of mitotic cells to the total cell population.
It is an important measure of the degree of malignancy. It is
known from various clinical studies that in some cases a high
MI is associated with a better ability to respond to
neoadjuvant chemotherapy, but in the same group of patients
the 10-year survival rate may be higher among those with a
low MI [1].

Cellular distribution of DNA content. There is a close cor-
relation between the chromosome instability and the biologi-
cal aggressivity of the tumor [18, 65].

MARKERS IN ORAL SQUAMOUS CELL TUMORS 97



The DNA content of the tumor cells may be the same as
that of the normal cells (euploid), but it may also be higher or
lower (aneuploid). Aneuploid cells are particulary character-
istic for malignant tumors. The cellular DNA content may be
suitable for characterization of the heterogeneity of tumor
cells, and possibly for the revelation of subpopulations [33].

It appears that the prognosis in cases of aneuploid tumors
with an elevated DNA content is poorer than for those with a
lower DNA content [32, 51, 69].

In patients who underwent surgery and radiation therapy,
BRADFORD et al observed that a higher DNA index was ac-
companied by a more unfavourable prognosis and by resis-
tance to therapy [7].

Immunohistochemical parameters

Proliferation markers. PCNA (proliferating cell nuclear
antigen) is a nuclear protein that indicates cell proliferation; it
is a histological marker of the G1/S phase of the cell cycle. Its
prognostic significance is still discussed: some authors con-
sider that a high PCNA level is associated with an unfavour-
able prognosis, whereas others state that its level does not in-
fluence the outcome of the disease [34]. A number of authors
claim that it may be a predictive factor: in the event of a high
PCNA level, radiochemotherapy may be applied with greater
success [7].

Ki67 is a nuclear antigen that is present in phases G1, S,
G2 and M of the cell cycle, but not in G0; it is therefore an ex-
pressed proliferation marker. The multivariant investigations
by LIU et al revealed a significant correlation between the en-
hanced expression of Ki67 and the lymph node status [37].
Other authors observed that, although its expression is en-
hanced in poorly differentiated tumors, it does not display a
close correlation with the MI or the survival [23].

AgNOR (argyrophylic nucleolar organizer regions) are
DNA regions which participate in RNA transcription and
which can be well labeled via silver binding. Various authors
have reported a correlation between the expression of the
AgNOR and the progression of malignant tumors in the oral
cavity [41, 67]. In connection with a study of the invasive
front, PIFFKÓ et al draw attention to the independent prognos-
tic value of the AgNOR [46].

Basal membrane components

Laminin. The laminin molecule is one of the fundamental
components of the basal membrane. It has multiple biological
roles, e.g. in cell adhesion, in the spread, migration, prolifera-
tion and differentiation of tumor cells [45, 47]. Linear deposi-
tion varying in intensity around the nests of tumor cells is
characteristic. Laminin-5 is often found in the cytoplasm of
squamous epithelial tumor cells of the invasive front, which
suggests that there is a connection between its presence and
the invasion. Its total or partial absence correlates with the
unfavourable outcome of tumor diseases.

Collagen IV. Besides laminin, another main component of
the basal membrane of the intact tissues (vessels and epithe-
lium) is collagen IV, which shows up around the cell nests in
epithelial tumors. It plays important roles in the development
and stabilization of the tumor matrix, and hence in the inhibi-
tion of tumor invasion and metastasis formation. Matrix
metalloproteinases (such as collagenase IV = MMP-2) pro-
mote progression of the tumor by loosening and
desintegrating the structure of the matrix and breaking it
down. Expression of these enzymes are likewise important
prognostic factors [40]. The studies by SHI et al indicated
that deficient production of collagen IV and a simultaneous
enhanced expression of MMP-2 are associated with a poor
prognosis [53].

Oncogenes, suppressor genes

P53 is a nuclear protein which participates directly in the
regulation of the cell cycle. Its mutation is one of the most
frequent gene mutation observed in tumor patients [32]. In
the event of damage to the P53 (suppressor) gene (e.g. muta-
tion in response to carcinogenes), the control function of the
protein does not operate, as consequence of which the cell
becomes genetically unstable and genetic defects accumu-
late. P53 builds up in the cell nucleus and can be detected by
immunohistochemical reactions [34].

P53 exhibits mutation in 50–70 % of cases of epithelial tu-
mors of the head and neck [56, 70, 71]. Some authors con-
sider that mutation of the gene means a poor prognosis for tu-
mors of the head and neck; others have not found a close
correlation between the presence of the mutation and the
course of the disease; indeed, a larger survival has been re-
ported in the event of P53 accumulation in tumors of the root
of the tongue [34, 70].

ErbB-1. Of the four members of the erbB gene family, the
best known is erbB-1, which encodes EGF. The enhanced ex-
pression of the erbB oncogenes is an important determinant
of the course of tumor diseases. However the prognostic
value is contradictory in cases of epithelial tumors of the head
and neck. It was observed by WERKMEISTER et al that amplifi-
cation of the erbB oncogene exhibited a close correlation
with a decreased duration of complaint-free survival [72]. In
contrast, FIELD et al did not detect any correlation between
the amplification of erbB and the clinicopathological param-
eters on the survival rates [20].

Cyclin-D1, a member of the cyclin family, is a protein that
regulates the cell cycle. In agreement with other authors,
MICHALIDES et al drew attention to the fact that an enhanced
expression of cyclin-D1 is associated with a poor prognosis
[40].

Other factors

Bcl-2: The protein bcl-2 displays an elevated expression in
numerous tumors and is an important regulator of apoptosis.
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It protects the cells against apoptosis induced by genotoxic
agents, and accordingly is believed to play a role in the devel-
opment of resistance to therapy [55]. Opinions as to its prog-
nostic significance differ: some authors regard its elevated
expression as an unfavourable prognostic sign, whereas
others expect the opposite [70].

EGFR (epidermal growth factor receptor) is a trans-
membrane glycoproteine which plays a role in cell growth.
Apart from EGF, it is able to bind TGF-α (transforming
growth factor α). EGFR production is enhanced in 55–100 %
of epithelial tumors of the head and neck. A number of publi-
cations have reported that the elevated expression of EGFR is
closely correlated with the size of tumors, with their meta-
static capacity, with the cervical lymph node status, and with
the response to therapy [30, 50].

VEGF (vascular endothelial growth factor) and its recep-
tors have an important role in the formation of new vessels
[15, 57]. There is a close correlation between neoangio-
genesis and the progression of tumors in the oral cavity; the
prognosis of tumors that produce enhanced amounts of
VEGF is essentially poorer [4].

TGF-α (Transforming Growth Factor-α) is a polypeptide
which is similar in structure to EGF, and it competes with
EGF for the EGFR binding sites. Its enhanced production
correlates closely with the probability of development of lo-
cal recurrences, and hence with the survival. The role of
TGF-β1 has been investigated during the progression of tu-
mors of the oral cavity, and it has been found that this has not
prognostic value as concerns the course of the disease [38].

MMP. Important roles are ascribed to the MMP (matrix
metalloproteinase) molecules as concerns the invasion of tu-
mor and metastasis development. The enzymes have the abil-
ity to break down the components of the basal membrane and
the extracellular matrix, thereby making possible the direct
spread of the tumor and the metastasis formation. The
best-known of them are MMP-2 (a type IV collagenase, 92
kD gelatinase B) and MMP-3 (stromielisin-1) [25, 35]. Ear-
lier, only their role in the breakdown of the matrix was
known, but it has since been recognized that they have key
roles in the growth of primary and metastatic tumors.

Syndecan-1 is a cell-surface proteoglycan which can inter-
act with a number of effector molecules (extracellular matrix
molecules, growth factors, etc.). The expression of
syndecan-1 is enhanced during differentation of keratino-
cytes, while a decreased expression may be observed in
epithelial tumors [58]. In epithelial tumors, its level is pro-
portional to the degree of tissue differentation; in poorly-dif-
ferentiated tumors, it is not present or only slightly expressed.
It has recently been demonstrated in stroma, its appearence
being indicative of a worse prognosis [27, 48].

FSH, TE. In a study of patients with tumors of the head and
neck, REMENÁR et al observed an unfavourable prognostic ef-
fect when the FSH (follicle-stimulating hormone) level was
above the normal range and the TE (testosterone) level was
below the normal range. However, these changes in the hor-

mone levels could be explained in part by simultaneous liver
damage characteristic in patients with tumors in the head and
neck. Thus, their roles in the pathogenesis and progression of
tumors require further investigations [49].

Conclusions

Summarizing the survey of the available literature data, it
may be stated that the prognostic value of the classical
clinicopathological parameters is often uncertain. In conse-
quence, many patients in the oncological units may be under-
or over-treated. Nevertheless, it emerges from the publica-
tions that the TNM stage, the grade and the depth of invasion
of the tumor have important effects on the course of the dis-
ease. During the past 20 years, many articles have been writ-
ten and many clinical observations have been made in efforts
to find factors of prognostic value, but the results are often
controversial.

As far as clinical practice is concerned, it would be ex-
tremely important to identify reliable markers that clearly in-
dicate the prognosis. This would facilitate selection of the pa-
tients into homogenous groups which could then receive
optimized treatment. With the aid of such markers, we could
learn more about the course of the disease, and hence apply
more effective treatment designed individually. In this way,
unnecessary overtreatment imposing even harmful effect on
the patient could be avoided.
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