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Summary

Our group has 25 years’ experience in the use of molecular
predictive markers in head and neck cancer, on a large patient
population, enrolled from a single institution, with a long fol-
low-up, and, most of all, homogeneous regarding histology
(squamous cell carcinoma) and site (larynx). Among the most
frequent malignancies in the US, cancers of the larynx and
uterine corpus are the only types not showing an increase in 5-
year Survival Rates over the last 30 years. As far as concerns
laryngeal squamous cell carcinoma, we can identify several
potential reasons for this failure, the most relevant probably
lies in the neck. For this reason, a key issue in laryngeal on-
cology is to assess metastatic potential of squamous cell carci-
noma at diagnosis. Nevertheless, the combination of clinical
and histological parameters is not sufficiently reliable in the
prediction of lymph node metastases. Molecular characteriza-
tion, by the study of molecular predictive factors, is a clinical
approach aimed to define homogeneous subgroups for clinical
metastatic behaviour. Defining invasiveness by means of stud-
ies on selected molecular markers (among which the most re-
liable is probably Epidermal Growth Factor Receptor (EGFR))
may be useful in the choice of the most appropriate treatment
on both T and on N.

Riassunto

Viene discussa l’esperienza monocentrica dell’uso di fattori
predittivi molecolari su una casistica numerosa ed
omogenea di pazienti con carcinomi laringei. Questi carci-
nomi non hanno avuto un miglioramento prognostico signi-
ficativo negli ultimi trent’anni. La causa è verosimilmente
riferibile alle ricadute sul collo. Per questo risulta indis-
pensabile caratterizzare la aggressività biologica della
neoplasia integrando informazioni desunte dallo studio di
marcatori predittivi clinici e molecolari. Fra questi il più
affidabile è probabilmente il fattore EGFR.

25 years’ experience

Our group has 25 years’ experience in the use of mol-
ecular predictive markers in head and neck cancer, on
a large patient population, enrolled from a single in-
stitution, with a long follow-up, and, most of all, ho-
mogeneous regarding histology (squamous cell car-
cinoma – SCC) and site (larynx) 1-11.
In our opinion, this may be a definite advantage,
avoiding the bias derived from collecting together all
head and neck SCCs. In fact, although the larynx is
considered a site of the head and neck, several pecu-
liarities, of both a clinical and a molecular nature, can

be highlighted. The statistics of the American Cancer
Society classify larynx as part of the respiratory sys-
tem, separately from the oral cavity and pharynx 12. As
for the incidence, the male/female ratio is markedly
higher than in the other sites of the head and neck 12.
Differences in chromosomal pattern and carcinogenic
progression between laryngeal squamous cell carcino-
ma (LSCC) and the other head and neck squamous cell
carcinomas (HNSCCs) have been detected by compar-
ative genomic studies 13. In particular, p53 is normally
expressed in LSCC more frequently and p53 gene has
a mutation pattern more closely resembling lung SCCs
than other HNSCCs 14.
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Improving survival in LSCC: a missed
target

LSCCs represent the vast majority (approximately
96%) of laryngeal malignancies 15. Other histologic
types have not been taken into consideration in the
present report.
Of the most frequent malignancies in the US, cancers
of the larynx and the uterine corpus are the only types
not presenting an increase in the Five-year Survival
Rates during the last 30 years 12. As for LSCC, we
can identify several potential reasons for this failure,
probably the most relevant lying in the neck:
– TNM classification appears, in some cases, inad-

equate. For example, it has been observed that re-
grouping cases in stages III and IV into locally
advanced disease vs. regional metastasis appears
to predict survival better 15. In fact, neck metasta-
sis remains the first cause of treatment failure and
death in LSCC 16. Thus, in our opinion, the treat-
ment of the neck should be the primary concern
of every head and neck oncologist;

– despite the multiplicity of clinical prognostic fac-
tors, the only consistent clinical predictors for
disease control and disease-specific survival in
LSCC are T and, to a greater extent, N 17-19. The
prognostic stratification of LSCC patients is inad-
equate since similar patients, affected by tumours
with similar clinico-pathological parameters, and
undergoing the same treatment, may differ con-
siderably in prognosis. This is probably due to the
extreme biological heterogeneity of LSCCs and
contributes to a lack of consistency in treatment
planning 20;

– an example of this lack of consistency is the man-
agement of cervical lymph nodes, which is the
most important component of the overall treat-
ment strategy, especially for supraglottic tu-
mours. Surgery remains the mainstay of neck
treatment since it provides comprehensive clear-
ance of all grossly enlarged lymph nodes and al-
lows accurate histological information to be ob-
tained also concerning micrometastases in the
clinically negative neck. Nevertheless, while the
indications for comprehensive surgical clearance
of the neck, for clinically palpable metastatic
lymph nodes (cN+), are obvious, the indications
for elective selective treatment of cN0 neck ap-
pear less clear 19 21-23.

Clinical predictive markers of neck node
metastases

For the above-mentioned reasons, a key issue in head
and neck, and laryngeal oncology in particular, is to
assess the metastatic potential of SCCs at diagnosis.

Differences in the natural histories of the various
SCCs of the larynx, as for neck metastasis, are relat-
ed, according to our present knowledge, to the anato-
my and to the lymphatic drainage patterns of the re-
spective subsite(s).
The paucity of lymphatic drainage of the true vocal
cords, in all areas other than the posterior commis-
sure, makes metastasis of early lesions extremely
unlikely. As for the rare primitive subglottic can-
cers, the incidence of cervical metastasis, in this
group of cancers, is reported to be 20-30%, but that
figure is somewhat obscured by the fact that the pri-
mary drainage pattern of these lesions is to the less
detectable pre-tracheal and para-tracheal nodes. The
incidence of metastasis may, therefore, be signifi-
cantly higher 24 25.
Albeit, neck node metastasis is mainly a ‘supraglottic
issue’. In fact, because of the profuse lymphatic net-
work of the supraglottic larynx, carcinomas of this
area metastasize frequently to the cervical lymph
nodes, and failure of treatment is usually a result of
metastasis rather than local disease 26-28. The inci-
dence of patients with clinically positive lymph nodes
at the time of diagnosis is 23-50% for all supraglottic
sites and stages combined 29-32. A substantial number
of those patients with clinically negative necks are
found to have histologic disease, as demonstrated
when neck dissection is performed, or, if left untreat-
ed, they convert to clinically positive necks 33 34. In
supra-glottic cancers, the probability of cervical
metastasis and the probability of delayed contralater-
al metastasis increase in direct proportion to the size
of the primary lesion (i.e., the T stage) 35-37. Lindberg
26 reported impressive overall metastatic rates with
various supraglottic carcinomas: 63% of T1, 70% of
T2, 79% of T3, and 73% of T4 cases metastasized.
In patients with supraglottic lesions presenting with a
clinically positive cervical node 2 cm in diameter or
more, the possibility for contralateral neck metastasis
is 40% or higher 24. The epiglottis is particularly
prone to bilateral metastasis, and even in smaller le-
sions of that site, the incidence of contralateral
metastasis is > 20% 38.
Nevertheless, it has been observed that the localiza-
tion of SCCs does not totally account for their clini-
cal behaviour. In fact, glottic tumours extending or
recurring in the supraglottic region have a markedly
lower proclivity to neck metastasis than primitive
supraglottic SCCs.
Other “spatial” factors influencing metastatic tenden-
cy have been hypothesized to be location (central vs.
marginal), volume, T-stage, growth modalities (exo-
phytic vs. endophytic).
Nevertheless, the combination of these parameters is
not adequately reliable in the prediction of lymph
node metastases. In fact, clinically homogeneous
LSCCs can be characterized by a different behaviour.
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Histological predictive markers of neck
node metastases

Histopathological features of tumours have been
evaluated with the aim to assess correlations with
metastatic potential.
It has been observed that primitive supraglottic le-
sions are more likely to be non-keratinizing and
poorly differentiated, and they have more aggressive
local behaviour in general 35. Those lesions of the vo-
cal cords, on the other hand, are more often well dif-
ferentiated and tend to be less aggressive locally. Al-
though the degree of cellular differentiation is not
thought to be the most significant fact in tumour
grading, it has been reported to correlate with the
probability of cervical metastasis 39-42, which, in turn,
has a strong impact on survival 43. On the other hand,
several molecular markers of differentiation have so
far been studied in relation with propensity to neck
metastasis and relapse-free survival, with often very
promising results 44-48 (see below). Other local char-
acteristics, such as tumour-host interface 35 40, peritu-
mour inflammatory response 49, and vascular and
perineural invasion 50, also seem important in deter-
mining performance. Finally, the actual tumour
thickness and depth of invasion almost certainly have
an influence on metastasis and, ultimately, on sur-
vival. A variety of studies have attempted to stan-
dardize the predictive value of thickness in SCCs of
the upper aerodigestive tract with the probability of
cervical metastasis and, therefore, prognosis 49 51-54.
Although head and neck oncologists, for some time,
intuitively favoured a direct correlation between the
two, a number of studies have failed to demonstrate
a statistically significant association between tumour
thickness and nodal metastasis 38 50 55. Furthermore, it
should be pointed out that those studies demonstrat-
ing a correlation between thickness and metastasis
generally focused on sites other than the larynx, and
because of the anatomic complexity and embryolog-
ic uniqueness of the larynx, one cannot necessarily
transpose such data from other head and neck organs.
In conclusion, histopathologic parameters are not
employed, at present, in treatment planning and
prognostic assessment in laryngeal cancer, also be-
cause of the difficulties in the standardization of
methods and, therefore, the low reproducibility of re-
sults. Furthermore, in our opinion, a notable biologi-
cal heterogeneity can hide behind up histologically
homogeneous SCCs of the larynx and after all ac-
counts for the different clinical behaviours.

Molecular characterization

Molecular, by the study of molecular predictive fac-
tors, is a clinical approach aimed to define more ho-

mogeneous groups of patients for treatment selec-
tion; it represents an attempt to overcome the well-
known lack of consistency in the choice of treatment
and to eventually improve overall survival. Even if a
plethora of reports have attempted to evaluate their
potential clinical role, no molecular marker con-
tributes, at present, to the clinical decision-making
process.
The perfect marker for molecular characterization of
LSCC may not always be present in malignant cells,
but invariably associated with precise biological fea-
tures and a predictable clinical behaviour, and easily
detectable by a standardized, reliable and simple as-
say on a small sample, such as a biopsy specimen. So
far, no such marker has been described.
In previous reports 10 56, we hypothesized that the
search for three or four well-defined characterizing
biological markers might allow us to classify tu-
mours as positive (Mc+) or negative (Mc-), at mole-
cular characterization.
TNM staging would thus become TNM-Mc staging.
This would result in a better prognostic stratifica-
tion of patients and the most suitable individualized
(“a la carte”) treatment could be selected. It would
prevent overtreatment of Mc- patients and, most im-
portantly, the undertreatment of Mc+ patients,
which has probably contributed to the above-men-
tioned failure in improving LSCC prognosis in the
last 30 years.
Furthermore, by means of selected and specific mol-
ecular markers, we can try to separately assess some
specific biological/clinical features of tumours, such
as aggressiveness, invasiveness, radio- and chemo-
sensitivity. Here, we define tumour aggressiveness as
the tendency to local disease progression. Invasive-
ness is the intrinsic tendency of tumours to metasta-
sise. Our group evaluated several potential markers
of invasiveness (Table I) (see below). These obvious-
ly have a great impact on prognosis and would lead
to modifications in therapeutic decisions, offering in-
formation to define the most suitable management of
the neck, both in N0 and N+.
In fact, management of cervical lymph nodes repre-
sents a vitally important component of the overall ap-
proach to patients with LSCC. Surgery remains the
mainstay of treatment for cervical lymph nodes since
it provides comprehensive clearance of all grossly
enlarged lymph nodes and allows accurate histologi-
cal information to be obtained concerning mi-
crometastases in the clinically negative neck. Never-
theless, while the indication for comprehensive sur-
gical clearance of the neck with clinically palpable
metastatic lymph nodes (cN+) is obvious, the indica-
tion for elective selective treatment of clinically neg-
ative neck (cN0) is less clear 21-23 57.
– In Mc-, “a wait and see” (observation) approach

to cN0 tumours and even selective, rather than
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comprehensive, ipsilateral neck dissection, with-
out elective contralateral neck dissection, in cN1
tumours, could be justified.

– In Mc+, the clinically negative neck would be
managed by a more aggressive approach involv-
ing elective bilateral neck dissection or elective
irradiation, also considering that invasive tu-
mours may be prone to N2 neck recurrences, with
a markedly lower salvageability than N1 16. In
cN1 patients, comprehensive ipsilateral neck dis-
section, with elective selective contralateral neck
dissection might be hypothesized. Adjuvant ra-
diotherapy could be recommended also in tu-
mours with histologically negative resection mar-
gins, and/or in stage pN1 without extracapsular
spread. On the other hand, in N1 patients a
planned neck dissection treated by chemoradia-
tion may be recommended. Extracapsular spread
and N2-3 spread have been shown to be important
prognostic indicators for distant metastasis (DM),
in large retrospective reviews 58 59. Although in-
duction chemotherapy did not improve loco-re-
gional recurrence, a trend suggesting decreased
rates of distant metastases was seen for patients
treated with some chemotherapy protocols 60-63.
Positive markers of invasiveness might further
suggest the indication for induction or adjuvant
chemotherapy in order to decrease DMs, which,
in some subsets of advanced disease, are also a
relevant issue.

– Several features of SCCs have been evaluated, at
molecular level, in order to assess their correla-
tion with clinical behaviour in terms of aggres-
siveness, chemo-radiosensitivity and, in particu-
lar, invasiveness.

Among the markers evaluated so far, some appear to
be potentially reliable and suitable, from a clinical
viewpoint.

Characterizing molecular markers of
invasiveness

In the last few years, cDNA microarrays, which can
be a powerful tool from which large amounts of ge-
netic information can be obtained, have already been
used for an initial attempt at molecular classification
based on patterns of global gene expression in HN-
SCC 64 65. However, thus far, this technology can on-
ly be applied to frozen tissues, because RNA is de-
stroyed during the formalin-fixation process. There-
fore, one would need a frozen tumour bank in con-
junction with a powerful clinical database and com-
plex statistical analytical ability to make use of this
expensive technology.
The Epidermal Growth Factor Receptor (EGFR) be-
longs to the Type I receptor tyrosine kinase family.

This family includes four members: EGFR (also
known as erbB1/HER1), erbB-2/Neu/HER2, erbB-
3/HER3 and erbB-4/HER4. EGFR is a 170 kDa
transmembrane glycoprotein with great homology
with the avian erythroblastosis virus-transforming
protein v-erbB. The effects of EGFR activation lead
to generation of intracellular second messengers
and different biological responses, such as cell pro-
liferation, gene transcription and other cellular ac-
tivities through several downstream signalling path-
ways 66 67. There is provocative evidence supporting
a strong role for EGFR expression (and, to a lower
extent, for its ligand, tumour growth factor alpha
TGFα) in predicting prognosis of LSCC, as it ad-
versely influences both overall, relapse-free and, in
particular, regional metastasis-free, survival in
LSCC 1 (Fig. 1). Such a strong predictive value is
retained by EGFR independently of treatment
(surgery, chemotherapy and radiation) 1 4 7 68-71 and,
in our opinion, EGFR the most reliable prognostic
molecular marker, at present.
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Fig. 1. Regional metastasis-free and overall survival in N0
LSCC according to galectin-3 tumour immunostaining.
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Moreover an overexpression of EGFR is associated
with an increased degradation of the extracellular ma-
trix by metalloproteases and cathepsin D, which plays
an important role in tumour growth, invasion and
metastasis, as well as in tumour-induced angiogenesis
8 11 72, and is potentially correlated with invasiveness.
Markers of epithelial differentiation, such as laminin-
5, galectin-3, Cox-2, have been evaluated in order to
integrate the classical histological evaluation and
have shown a predictive value of neck node relapse
(Fig. 2) 46-48. S100 A2, which also seems to have a
role as predictor of neck node relapse in N0 necks,
has been recently hypothesized not merely as a dif-
ferentiation marker, but as a real oncosuppressor with
a prognostic significance stronger than the simple
histopathological grading 44 45.
Alterations of p53 protein expression and mutations
of p53 gene have been extensively studied for the
evaluation of their predictive role. P53 alterations
have been proposed as independent predictors of re-
currence in LSCC 73 74, but this prognostic value
seems controversial 14, especially in surgically treat-
ed patients 75. P53 overexpression, detected by im-
munohistochemistry (IHC) in a high percentage of
LSCCs 76, was hypothesized to correlate well with
p53 mutation 77, but a recent study documented sig-
nificant disagreement between p53 IHC and geno-
typing data 78. P53 gene mutation has been hypoth-
esized to be more reliable than IHC overexpression
for characterization and it has been reported to pre-
dict the reponse to radiotherapy in LSCC patients 78.
This is consistent with the biological role of p53,
which mediates apoptosis associated with DNA
damage. Nevertheless, evidence of a correlation

with overall, and most of all, regional metastasis-
free survival is still lacking 14 75.
Other promising markers of invasiveness in LSCC
may be nm23-H1 protein 79 80, PCNA 81 82, p27 83,
CD44H 84.
However, various problems have prevented the clin-
ical application of molecular markers for tumour
characterization. First of all, the perfect marker for
molecular characterization, as described above, re-
mains to be demonstrated. In particular, detection as-
says must be practical and reliable and should be
readily available. The inconsistency of assay meth-
ods for the most studied factors, as well as patient
and treatment heterogeneity, all contribute to the im-
possibility to draw definitive conclusions. It is neces-
sary to further evaluate the most promising molecu-
lar marker proposed for clinical practice both by a
metanalysis of data present in the literature and by
multidisciplinary and multicentric clinical trials.

Conclusion

At present, we are probably at a crossroad: the time
for the integration of molecular markers in prognos-
tic assessment and treatment selection, as already ob-
served, for example, in breast cancer, is probably
very close. Moreover, this perspective appears very
intriguing inasmuch as it may be the key to over-
coming the above-mentioned lack of consistency in
treatment selection, in particular for neck manage-
ment 21 23, which remains the most controversial issue
both in N0 (in particular if the primary tumour is
supraglottic) and in N+ LSCCs.

Fig. 2. Regional metastasis-free survival in LSCC according to EGFR status (predictive value increases with higher cut-off).
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