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Genetic profile of head and neck squamous cell carcinoma:
clinical implications
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Abstract
The outcome for patients with head and neck squamous cell carcinoma remains poor, despite
improvements in diagnosis and treatment over the past three decades. This has triggered great interest
in the genetic events that underpin the aetiology and clinical behaviour of this group of cancers. As a
result, the genetic profile for head and neck squamous cell carcinomas at different sub-sites has been
relatively well characterised at the chromosomal level. Various studies have shown links between
specific aberrations in head and neck squamous cell carcinoma and clinical outcome, e.g. loss of
heterozygosity at 2q and 18q is commonly associated with poor prognosis, and loss of heterozygosity at
9p21 is associated with recurrence. However, there is as yet no significant clinical application of this
genetic knowledge as regards the screening, diagnosis or treatment of head and neck squamous cell
carcinoma. Here, we summarise the current state of knowledge, and highlight the most promising areas
of research that may facilitate the translation of genetic data into clinical benefit.
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Introduction

Head and neck squamous cell carcinoma (SCC) is the
sixth commonest cancer, with a relatively high rate of
local regional recurrence. Despite improvements in
the diagnosis and treatment of this malignancy, the
survival rate has not improved significantly over the
last 30 years.1 Many prognostic indicators have been
and are currently being investigated in an attempt to
define outcome at the time of diagnosis; however, as
is the case for most cancers, sufficiently specific
markers are hard to find.

The occurrence of nodal metastasis at presentation
remains the single most important prognostic factor,
being significantly correlated with poor survival
rates.2 – 4 Considerable increases in our knowledge
of genetics over the past decade have raised hopes
that deoxyribonucleic acid (DNA) based technol-
ogies may soon play a role in the early diagnosis
and management of head and neck SCC. For
instance, genetic testing can be performed to
complement histopathological analysis at the time
of initial biopsy. Rosin et al. have shown that such
genetic testing can be used to predict the progression
of oral pre-malignant lesions to invasive cancer;
they have demonstrated significant differences in
loss of heterozygosity patterns involving multiple
genes, comparing progressive and non-progressive
cases.5

Various studies have attempted to characterise the
genetic profiles of head and neck SCC, using a
variety of techniques, most commonly detection of
loss of heterozygosity.6 – 11 Major events in the patho-
genesis of head and neck SCC have been associated
with various aberrations at the genetic level which
underpin key cellular activities. Despite this knowl-
edge, the controlling mechanisms of head and neck
SCC carcinogenesis and progression are still not
fully understood. Califano et al. proposed a genetic
progression model for head and neck cancer, after
using microsatellite analysis which revealed that a
number of genetic aberrations correlated with the
various histopathological steps (i.e. benign hyperpla-
sia to dysplasia, dysplasia to carcinoma in situ, and
finally invasive cancer).12 An updated version of
this model, based on numerous study findings, is
given in Figure 1.

This seminal work by Califano and colleagues has
been corroborated by many other studies over the
past decade, using both microsatellite analysis and,
more recently, array-based comparative genomic
hybridisation, in an attempt to map systematically
the gene pathway for head and neck SCC.13 – 15

Array-based comparative genomic hybridisation is
a more recent approach used for genome-wide
determination of DNA copy number alterations.
Its resolution level is higher than conventional
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chromosome-based comparative genomic hybridis-
ation (CGH) methodology, 1–2 Mb vs 10–20 Mb
level respectively.15

One of the major difficulties in head and neck SCC
research is the fact that the various sub-sites behave
differently at both the biological and the clinical
level. An interesting study by Huang et al. has
shown that different chromosomal aberrations

apparently play significant roles in the initiation
and/or progression of SCC at different sites.16 This
study, using comparative genomic hybridisation,
studied 75 head and neck SCC patients (18 pharyn-
geal SCCs, 23 laryngeal SCCs and 34 oral SCCs).
They concluded that ‘the most important chromoso-
mal events for progression of head and neck cancer
were: þ3q, þ5p, þ8q and 23p for all subgroups

FIG. 1

Progression of normal mucosa to metastatic head and neck squamous cell carcinoma (HNSCC), with associated genetic changes.
Based on the work by Califano et al.12 and El-Nagger et al.52, recently updated by Stafford et al.53 EGF ¼ epidermal growth

factor; EGFR ¼ EGF receptor; MMP ¼ matrix metalloproteinase
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of [head and neck] SCC; additionally, þ7q, þ17q,
29p and 213q were important for [pharyngeal]
SCC; þ7p, þ9q, þ11q12–13, þ14q and þ17q for
[laryngeal] SCC; and þ1p and þ11q12–13 for oral
SCC’, where ‘ þ ’ means gain and ‘ 2 ’ means loss
of the chromosome arm or sub-region. Others have
undertaken similar analyses. The aim of this paper
is to discuss briefly the potential for applying our
current knowledge of head and neck SCC genetic
profiles to clinical practice, either through DNA-
based analysis or the translation of the genetic data
into knowledge about potentially detectable
proteins.

Current and future clinical applications

Diagnosis

The current methods for diagnosing head and neck
SCC have major limitations. Usually, diagnosis
involves a combination of clinical history-taking, endo-
scopy and, possibly, tissue biopsy. Despite arriving at a
diagnosis, at this stage it is impossible to predict accu-
rately an individual patient’s outcome, as head and
neck SCC tumours vary significantly in their growth
behaviour and response to treatment (be it radio- or
chemotherapy). It is anticipated that identification of
a tumour’s genetic profile, and comprehension of the
implications of this, will both aid diagnosis and
inform prognosis and treatment. The ability to make
an early, personalised diagnosis without undergoing
a significantly invasive procedure would be of great
advantage to both patient and clinician.

Patmore et al. have shown that the most common
aberrations in head and neck SCC are 3q (90 per
cent), 8q (65 per cent), 1q (50 per cent), 5p (43 per
cent), 2q (41 per cent) and 11q (41 per cent), and
that the most common deletions are 3p (57 per
cent), 1p (54 per cent), 4p (48 per cent), 13q (48
per cent), 11q (41 per cent) and 10q (37 per cent).17

These authors assessed DNA from 23 paired speci-
mens of primary tumour from various sub-sites and
their matched lymph node metastases. In a similar
study, Sparano et al. used array-based comparative

genomic hybridisation to map the genetic profile
of oral SCC.18 They reported results as follows:

[The] genomic regions most frequently ampli-
fied (.35 per cent) were located on 3q, 5p, 8q,
9q and 20q, although [the] regions most fre-
quently deleted (.40 per cent) involved
chromosomes 3p, 8p, 13q and 18q. Cancer-
related genes altered in greater than 25 per
cent of [oral] SCC samples were identified (22
amplified, 17 deleted). . . .

Other studies have shown similar findings of distinct
chromosomal aberrations being associated with
different types of head and neck SCC, based on the
site of origin.19,20

Prognosis (Table 1)

The prognostic markers currently used to predict the
survival and likely disease course of head and neck
SCC are based on the histological tumour–node–
metastasis (TNM) staging system (i.e. T stage, pre-
sence and extent of nodal metastasis, tumour site,
tumour volume and thickness).21 The drawback of
using T stage and tumour site is that these are
average parameters which alone are not significant
predictors of survival.22,23 Attempts at using histo-
logical characteristics (e.g. lymphovascular and peri-
neural invasion as well as regional extracapsular
spread), identified in the tumours and/or nodes as
determinants of prognosis, have been helpful;
however, these are also relatively non-specific and
have not been shown to be independent predictors
of survival.24,25 Various studies have shown that
nodal status is a bad prognostic marker and that
spread to the nodes is associated with a significantly
reduced time to recurrence and death.26–28 However,
all the conventional parameters are general markers
which lack the ability to predict individual prognosis
or response.

Patmore et al. have shown that dysplasia correlates
with loss of heterozygosity at 3p21, 5q21, 9p21 and
17p13 in early laryngeal carcinogenesis.17 They con-
cluded that genomic changes in pre-malignant

TABLE I

STUDIES ANALYSING CHROMOSOMAL LOSS OF HETEROZYGOSITY AND ASSOCIATION WITH PROGNOSIS: 1994–2008

Chromosomal loci Study Comments

3p & 9p21 Chang & Califano54 Elevated risk of pre-malignant lesion becoming malignant
11p & 3p Choi et al.55 Associated with overall survival
18q Takebayashi et al.56 Aggressive tumour behaviour
8p11–21 Coon et al.57 Decreased overall survival
3p Yamamoto et al.58 Poor prognosis when any LOH is found at 8p, 13q or 17p
8p23 Bockmühl et al.59 Decreased overall survival
4q Shah et al.60 Involved in disease progression
9p21 Matsuura et al.61 Associated with recurrence (CDKN2)
9p21 Lydiatt et al.62 Associated with recurrence
2q Ransom et al.63 Poor prognosis
18q Pearlstein et al.64 Poor prognosis
14q Lee et al.65 Poor prognosis
8p23 Scholnick et al.66 Decreased overall & disease-free survival
3p 8p, 13q & 17p Li et al.67 Poor prognosis when LOH found at .2 loci

Data obtained by a comprehensive search of PubMed, Ovid and Google, using the key words ‘genetic profile’, ‘loss of hetero-
zygosity’, ‘prognosis’, ‘head and neck’, ‘oral’, ‘hypo-pharyngeal’, ‘laryngeal’, ‘squamous cell carcinoma’ and ‘head and neck squa-
mous cell carcinoma’. LOH ¼ loss of heterozygosity
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laryngeal lesions could be of potential use as markers
of progression to invasive carcinoma. Others have
investigated these associations and shown similar
changes associated with dysplastic tissue. A compre-
hensive study by Bockmühl et al., using comparative
genomic hybridisation analysis on 113 primary head
and neck SCC patients, demonstrated that gains at
3q21–29 and 11q13 and loss at 8p21–22 acted as inde-
pendent prognostic markers which carried a higher
statistical significance than nodal status.29 Genetic
aberrations were independent markers, and this
allowed for molecular dissection of patients at low
clinical risk (i.e. pN0 and pT2 tumours). Therefore,
a sub-group of patients of N0 status, who would not nor-
mally be treated, potentially could now be selected for
aggressive adjuvant chemotherapy and treated differ-
ently due to their specific genetic phenotype. Similarly,
head and neck SCC studies have consistently associ-
ated chromosome 11q13 gains with a poor progno-
sis.30,31 A number of groups have attempted to
identify a metastatic phenotype.17,32 Although there
is no clear consensus, largely because the study
cohorts have been relatively small, a number of aberra-
tions have been reported, such as gains at 10p11–12
and 11p and deletions at chromosomes 4q22–31,
9p13–24 and 14q in the nodal metastasis, when com-
pared with the corresponding primary tumours.32

These aberrations were seen in two matched
tumour–node pairs assessed using a modified com-
parative genomic hybridisation assay, whereby DNA
from the tumour and nodes was differentially labelled
and then hybridised to a normal karyotype.

It is hoped in the future that genetic stratification
of disease can be performed, in order to allow clini-
cians to determine the most appropriate treatment
for patients, particularly those with early stage
disease. In the same way, this information could
inform decisions for patients with advanced stage
disease, helping to predict whether patients will
benefit from resection and reconstructive surgery or
from a more conservative approach. If this is to
become common clinical practice in head and neck
cancer management, appropriately powered, large
scale studies need to be undertaken.

Treatment

The current treatment modalities for head and neck
SCC largely comprise surgery, radiotherapy and, to a
lesser extent, chemotherapy. However, a number of
studies (albeit early-stage) have investigated the cor-
relation of genetic profile with response to certain
treatments.

Radiotherapy and genetic profile screening for head
and neck squamous cell carcinoma. Radiotherapy is
a key treatment modality for head and neck SCC,
both in the early and advanced stages. Up to 27 per
cent of patients with T2 tumours of the larynx are
said to demonstrate locally persistent or recurrent
disease at the original site, requiring salvage surgery
to achieve a definitive cure.33 It would therefore be
extremely beneficial to patients if clinicians could
identify, prior to treatment, whether their tumour

was radiotherapy-responsive or -resistant. This
would prevent a worthless therapy being given,
saving the patient the associated loss in quality of
life as well as saving the resources of the health
service.

A study by Singh et al., at the Memorial Sloan–
Kettering Cancer Center, screened for genetic aber-
rations associated with radiation response, using
comparative genomic hybridisation on five head
and neck SCC cell lines after exposing the cells
to a single course of radiation (400 cGy).34 They
demonstrated that no recurrent aberrations were
unique to the radiation-resistant cell lines.
However, the three radiation-sensitive cell lines did
have recurrent gains at 7p and 17q and losses at 5q,
7q and 18q. This means that comparative genomic
hybridisation analysis may enable prediction of radi-
ation response even before treatment. However, the
small number of cell lines analysed means that this
result can only be considered a preliminary finding.
To address the same question from a clinical perspec-
tive, Nix et al. assessed pre-treatment tissue biopsies
from 124 patients with early stage (T1–T2, N0) laryn-
geal SCC.35 Patients were split into two equal-sized
groups (n ¼ 62); one group had failed radiotherapy
(and hence were considered radio-resistant) and the
other had been successfully treated. Both groups
were matched for T stage, laryngeal sub-site and
smoking history. Using immunohistochemistry, Nix
and colleagues demonstrated that the expression of
the apoptotic proteins bcl-2, bcl-XL, bax, bak and
survivin was associated with radio-resistance in lar-
yngeal cancer. The radio-resistant group over-
expressed bcl-2 and bcl-XL and had a loss of bax
expression in pre-treatment biopsies. Nix et al.
reported that bcl-2 had an accuracy of 71 per cent
in predicting radiotherapy outcome. Predicting
radio-resistance or -responsiveness should signifi-
cantly enhance outcome, as the clinician would be
able to recommend conservative laryngeal surgery
as an alternative first-line treatment to radiotherapy,
or consider other modalities from the outset. This
study confirmed the earlier work of the same group
using a smaller cohort of laryngeal tumours.36

p53 and p53 vaccines. The p53 gene is the most com-
monly mutated gene in all cancers, including head
and neck SCC. This subsequently leads to over-
expression of a mutant form of the p53 protein.
The normal p53 protein is activated in response to
cellular stress, in order to arrest the cell cycle so
that there is an opportunity for the damaged DNA
to be repaired or, if this cannot happen, to initiate
apoptosis. Therefore, when there is a mutation of
the p53 gene, as in cancer, there is loss of the function
of p53 protein. Numerous studies have investigated
the importance of various p53 mutations in the devel-
opment of head and neck SCC, because of this
cancer’s high prevalance.37,38 Furthermore, it has
been shown that the introduction of a wild-type p53
gene results in a promising anti-tumour strategy.39–41

There is evidence that human leukocyte antigen
(HLA) A2 restricted cytotoxic T lymphocytes
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specific for human wild-type sequence p53 epitopes
lyse tumour cells expressing mutant p53.42 – 44 There-
fore, treatment modalities that would target tumours
over-expressing mutant p53 are being studied. Hoff-
mann et al., using cytotoxic T lymphocytes from cir-
culating precursor T cells from 30 HLA-A2.1
positive head and neck SCC patients and 31 controls,
have demonstrated the potential of using HLA-A2
restricted cytotoxic T lymphocytes specific for
human wild-type p53 epitopes which lyse tumour
cells expressing mutant forms.45 However, Hoffman
and colleagues warn that ‘. . .in vivo p53-specific cyto-
toxic T lymphocytes might play a role in the elimin-
ation of tumour cells expressing the p53 264–272
epitope (‘immunoselection’), leading to the out-
growth of ‘epitope loss’ tumour cells’. They also
suggest that more immunogenic variant peptides of
the 264–272 epitope could be used in those patients
whose cytotoxic T lymphocytes do not respond
against the original wild-type form. Other studies
have demonstrated similar outcomes with different
combinations of HLA molecules and peptides.46,47

This remains a promising modality of treatment,
although large scale clinical trials involving multiple
peptides are required.

Intra-operative surgical margin analysis. One of the
difficulties in surgical management of head and
neck SCC is determination of whether a surgical
margin is free of tumour or not. Between 10 and 30
per cent of all surgically treated patients develop
local recurrence despite having a histologically free
margin at the time of surgery.48 Hence, predicting
sub-clinical tumourigenesis could play a role intra-
operatively in determining surgical margins and
reducing local recurrence.49 Chromosome imbalance
associated with head and neck SCC malignancy can
be detected between tumour margins and clinically
normal adjacent cells. Barrera et al. have shown
that this is possible using the fluorescence in situ
hybridisation technique and DNA probes specific
for 14 human chromosomes (1, 2, 3, 6, 7, 8, 9, 10,
11, 12, 15, 17, X and Y).50 However, it is important
to note that this was a small study involving only 10
patients. In a similar study involving 52 patients
undergoing primary resection for head and neck
SCC, Nathan et al. assessed the proto-oncogene
eIF4E (4E), which they report as being ‘elevated in
100 per cent of head and neck squamous cell carci-
noma tumours and [. . .] of prognostic value in pre-
dicting recurrence’.51 They histologically examined
all tissue from tumours classified as ‘tumour-free’
for the presence or absence of 4E, p53 and MMP-9.
They found that 4E over-expression in the margins
was a more sensitive predictor of recurrence com-
pared with p53. In the future, surgical treatment of
head and neck SCC could incorporate an
intra-operative genetic test to ascertain tumour-free
margins, based on over- or under-expression of
specific genes such as 4E. Such a test would hopefully
contribute to reducing the significant problem of
local and regional recurrence and the associated
poor outcome.

Future and conclusion

Head and neck squamous cell carcinoma at distinct
sub-sites behaves very differently. Current methods
of evaluation and treatment make it extremely diffi-
cult to individualise treatment. However, with our
growing understanding of the genetic changes that
underlie head and neck SCC development, it would
seem a realistic aspiration that tumours could be
characterised based on a specific genetic profile.
Once this is possible, patients could receive indivi-
dualised prognostic advice, with the next logical
step being highly personalised treatment strategies.
It is hard to predict when genetics-based diagnosis
and treatment will become widespread; however,
the rapid pace of advances in the field over the past
decade leads the authors to believe that this will
become a reality. Screening head and neck SCC
prior to radiotherapy could be a common practice
within the decade; however, genetics-based targeting
therapies still require the development of safe and
effective delivery vehicles.
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