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Head and neck cancer is an important health problem around the world, accounting for approximately
500,000 new cases each year of head and neck squamous cell carcinoma (HNSCC). Carcinogenesis of
head and neck results from a dysregulation of cellular proliferation, differentiation, and cell death. The
major etiologic agents are tobacco and alcohol consumption and for some cases, human papilloma virus
(HPV) infection. All three factors are associated with the disruption of a cellular pathway essential for
the maintenance of cellular integrity, the p53 pathway. The objective of this review is to point out the
specificity of p53 gene (TP53) alterations in head and neck cancer in relation with chemocarcinogenesis
and to discuss whether or not the determination of p53 alterations will be of clinical relevance in the
management of head and neck cancer in terms of prognosis and response to treatments. Hum Mutat
21:252–257, 2003. r 2003 Wiley-Liss, Inc.
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INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC)
accounts for 5% of all newly diagnosed cancer cases in
northern and western European countries and in the
United States [Muir and Weiland, 1995]. It is one of
the most common cancers, with a worldwide global
incidence of 500,000 cases per year [Parkin et al.,
1988]. The etiology of HNSCC has been clearly
defined in terms of risk factors and the role of tobacco
and alcohol consumption is well established [Tuyns
et al., 1988]. Direct effects of tobacco on the occu-
rrence of head and neck cancer is reinforced by the
fact that different tobacco habits can influence tumor
localization, as shown by the high incidence of oral
cancers in tobacco chewers and by the correlation
observed between the level of tobacco or alcohol
exposure and the prevalence of the disease [Ahrendt
et al., 2000; Balaram et al., 2002]. Other risk factors
include environmental exposures to wool dust, wood
dust, mineral fibers, low intake of vegetables and
fruits, and human papilloma-virus infection (HPV16)
[Mork et al., 2001].

One of the most frequent alterations in HNSCC is
the disruption of the p53 pathway (TP53; MIM#
191170) through mutations, losses of heterozygosity,

or interaction with viral proteins. Alterations in p53
are frequent, appear at early stages of head and neck
carcinogenesis, and are of particular relevance, since
both tobacco carcinogens and HPV infection, two
major risk factors, appear to target p53. Moreover,
head and neck cancer is, along with lung cancer
[Toyooka et al., 2003], a tumor site for which p53
gene therapy has been developed, demonstrating
various degrees of success [Nemunaitis et al., 2001].
Many studies have dealt with p53 in HNSCC and
numerous technologies have been described for the
identification of p53 alterations including immuno-
histochemistry, mutation screenings, antibody detec-
tion, and functional tests in yeast. In the following
review, we did not consider studies using immunohis-
tochemical detection of p53 as a marker for gene
mutation since this method has lead to over 40%
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discordance with sequencing [Ma et al., 1998; Taylor
et al., 1999].

PREVALENCE ANDETIOLOGYOFTP53MUTATION
IN HNSCC

The prevalence of p53 mutations in HNSCC varies
from 30 to 70% among studies of the literature
[Alsner et al., 2001; Brennan et al., 1995a; Cabelgu-
enne et al., 2000; Gillison et al., 2000; Ko et al., 2001;
Temam et al., 2000]. The heterogeneity of the
different studies in terms of tumor localization and
mutation detection technologies could partially ex-
plain the variation observed in the incidence of p53
mutations. However, the main reason could be
different levels of exposure to risk factors in the
populations studied.

The frequency of p53 gene mutations in patients
with invasive HNSCC was related to the level of
exposure to cigarette smoke and alcohol. The
frequency of somatic mutations in the p53 gene in
smokers was twice as high as that of non-smokers [Ko
et al., 2001]. Our personal data confirmed these
results, showing a dose-dependant effect of tobacco
on the frequency of p53 mutations. In a series of 140
patients the frequency of p53 mutations was 74%,
66%, and 35.5% in patients who had smoked more
than 35 pack-years, 15 to 35 pack-years, and less than
15 pack years respectively. Furthermore, the frequency
of somatic mutations in the p53 gene was 3.5 times
more common among patients who both smoked
cigarettes and drank alcohol than in patients who
neither smoked nor drank [Brennan et al., 1995a].

The specific role of alcohol in the occurrence of p53
mutations is hard to prove, since alcohol abuse is
frequently associated with a tobacco habit. In only one
series the specific positive impact of alcohol on the
incidence of p53 mutations was significant after
adjustment for cigarette smoking and betel quid in a
Taiwanese series of patients [Hsieh et al., 2001]. On
the contrary, HPV-positive patients were less likely to
harbor p53 mutated tumors. In a subgroup of oro-
pharyngeal tumors, TP53 was inversely associated
with HPV; 67% of HPV-negative but only 10% of
HPV-positive tumors were p53 mutated [Gillison et al.,
2000]. Despite the importance of lifestyle, host sus-
ceptibility could also influence the occurrence of p53
alteration in HNSCC.

DNA can be damaged by numerous tobacco
carcinogenes and environmental chemicals that can
be activated or degraded by specific enzymes termed
xenobiotic-metabolizing enzymes (XMEs). The exis-
tence of XME variants could explain individual
susceptibility to p53 mutations. An XME genotype
that results in increased DNA damaged as a
consequence of altered carcinogen metabolism could
increase the incidence of mutations in the p53 gene.
Bio-activation of pro-carcinogenes into an active state

is catalyzed by phase I enzyme as cytochrome P450
mono-oxygenase. A strong association between aber-
ration frequencies in the p53 gene and CYP1B1
genotypes was found in smokers. Patients with the
1n/2n or 2n/2n genotypes were (seven and 20 times,
respectively) more likely to show smoking-induced
somatic mutations in the p53 gene than those with
CYP1B1 wild-type genotype. This indicates that the
exchange of amino acid valine to leucine at codon 432
(Val432Leu) is strongly associated with the frequency
of smoking-induced p53 gene mutations [Ko et al.,
2001; Thier et al., 2002].
Bio-inactivation of chemicals with carcinogenic

potential is mostly done by phase II enzymes as the
GST superfamily genes. Concerning phase II enzyme,
a correlation between p53 mutations and GSTP1
homozygous genotype VAL105 was observed in our
series. p53 mutations were found more frequently in
individuals with homozygous GSTP1 val 105 genotype
(93%) compared with GSTP1 val105/GSTP1ile 105
(69%) or homozygous GSTP1 ile (61%) [Cabelguenne
et al., 2001]. Finally, increased sensitivity to muta-
genes as a result of low DNA repair capacities could
increase the frequency or modify the pattern of p53
mutations. The XRCC1 Q allele (Q399R) was related
with, respectively, the incidence of p53 mutations and
the existence of G to A transitions in two studies
[Casse et al., 2002; Wong et al., 2002].

PATTERNSOF TP53 MUTATIONS IN HEADAND
NECKCANCER

The pattern of p53 point mutations encountered in
HNSCC is given in Figure 1. As expected from
experimental tobacco carcinogenesis, the most pre-
valent mutations are G:C4A:T transitions and
G:C4T:A tranversions. It is interesting to note that
frameshift mutations (i.e., deletions and insertions)
occur significantly more frequently in HNSSC than in
other cancers. They occur approximately in 16% of
cases, whereas this type of mutations occurs in less
than 9% of all other cancers in the p53 IARC
database [Olivier et al., 2002]. It was noticed by
Brennan et al. [1995a] that this type of mutation
occurs more frequently in the sub-group of patients
both exposed to alcohol and tobacco [Tabor et al.,
2001]. To confirm the fact that the association of both
risk factors leads to enhanced frequency of deletion
and insertion (frame-shift mutations), we compared,
in the p53 IARC database, the prevalence of these
alterations in two other cancer types. The prevalence
of frame-shift mutations was 17.3% in a series of 860
p53 mutations detected in squamous cell carcinoma of
the esophagus, a strongly tobacco- and alcohol-related
cancer, and only 11.5% in a series of 544 squamous
cell carcinoma of the lung, a cancer linked only to
tobacco abuse. This suggests that indeed, tobacco and
alcohol trigger frame-shift mutations in p53.
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TP53 MUTATIONSOCCUR IN EARLYSTEP OF
HEADANDNECKCARCINOGENISIS

Multiple genetic alterations are seen in HNSCC
and it is now evident that these cancers arise from
multisep carcinogenesis. p53 changes occur early in
head and neck carcinogenesis and can be detected in
premalignant lesions [Boyle et al., 1993]. Moreover,
direct sequencing of full-length p53 showed no
difference in terms of p53 mutations when comparing
primary tumor and match nodal metastasis. This
suggested that p53 mutations are present before and
maintained in the metastasis [Tjebbes et al., 1999].
The high risk of second primary tumor in the upper
digestive tract is one of the clinical characteristics of
HNSCC leading to a constant rate of 2–3% new cases
per year. The analysis of DNA extracted from normal
epithelium at a distance of over 0.5 cm from the
tumor margins for p53 mutations showed in 3 out of 8
samples identical p53 mutation as compared with
primary tumor [Tabor et al., 2001].

Although this result strongly indicates a clonal
relationship between the surrounding fields and the
tumor, it is interesting to note that there were other
genetic differences between fields and tumor as shown
by microsatellite instability. This result is in favor of an
early occurrence of p53 mutations in the clonal
cancerization field process. Finally, p53 mutations
have been observed at all steps of HNSCC carcino-
genesis but no mutations have ever been found
in normal mucosa never exposed to carcinogen
[Lavieille et al., 1998]. Although there is an
increasing prevalence of p53 protein expression with
increasingly severe grades of dysplasia [Califano et al.,
1996], the usefulness of this molecular marker to
predict malignant potential of oral cancer has not yet
been demonstrated [Warnakulasuriya, 2000].

CLINICO-PATHOLOGICAL IMPLICATIONOF P53
MUTATIONS IN HNSCC

Residual Disease and Follow-Up

Molecular probing using p53 has been tested in
different trials and samples. Huang et al. [1999]
showed that p53 alterations could be found in
exfoliative cells from oral mucosa in head and neck
cancer patients. Moreover, mucosal p53 overexpres-
sion has been associated with an increased incidence
of second primary cancer [Homann et al., 2001;
Nathan et al., 2000]. These studies suggested that the
identification of p53 alterations could be of use in
follow-up HNSCC patients. Additional works showed
that p53 mutations could be detected in histologically
normal tissues at the margins of resected HNSCC.
This could also have clinical implications in terms of
molecular assessment of histopathological staging in
squamous cell carcinoma [Brennan et al., 1995b].
Indeed, one of the most important prognostic factors
in HNSCC is complete surgical resection of the tumor.
The presence of microscopic residual tumor cell in
tumor margin increases the rate of local recurrence
[Brennan et al., 1991; Davidson et al., 1981]. A series
of patients with p53 mutated tumors and complete
resection on the basis of negative histology of tumor
margins was selected by Brennan et al. [1995b]. After
identification of p53 mutations in tumors they looked
for similar alterations in surgical margins. Thirteen
patients were found positive for p53 mutations in
margins. Among them 38% have recurred locally as
compared with none of the 12 patients with negative
margins [Brennan et al., 1995b]. p53 mutations were
also retrieved in lymph node, saliva, or serum samples
[Boyle et al., 1994; Coulet et al., 2000; Tjebbes et al.,
1999]. In all cases the main goal was the identification
of rare tumor cells by p53 mutation-based assays. This

PATTERN OF p53 MUTATION

0

10

20

30

40

A:T>C:G A:T>G:C A:T>T:A G:C>A:T G:C>C:G G:C>T:A Frameshift

F
re

q
u

en
cy

 (
%

)
G:C>A:T at CpG site

FIGURE 1. The pattern of p53 point mutations encountered in HNSCC. Upper portion of center bar represents frequency of
G:C4A:T transitions associated with CpG dinucleotides. Data were derived from the IARC p53 Mutation Database
(www.iarc.fr/p53). For a discussion of p53 mutations at CpG dinucleotides in humancancers, see Soussi andBeroud [2003].
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technology has two major limits, first it concerns only
an average percentage of patients of 60% for which a
mutated p53 tumor was diagnosed and second, the
heterogeneity of p53 mutations is a barrier to
establishing simple mutation detection assays. [for
review see van Houten et al., 2000].

Prognostic Signi¢cance of p53 Mutation in Head
and Neck Carcinoma

Correlation between the occurrence of p53 altera-
tion and poor prognosis in HNSCC patients is still a
matter of debate. Indeed, overexpression of p53 has
been related to a worse prognosis in HNSCC [Jin
et al., 1998; Shin et al., 2000] although this result is
still controversial and many studies did not find any
relation [Georgiou et al., 2001; Gonzalez-Moles et al.,
2001; Hirvikoski et al., 1997; Jeannon et al., 2000;
Kokoska et al., 1996; Sittel et al., 2000]. The prog-
nostic value of p53 mutations is far less controversial
as several studies reported a worse prognosis for
patients with p53 mutated tumors [Bandoh et al.,
2002; Bradford et al., 1997; Mineta et al., 1998].
Finally, the accumulation of mutant p53 protein leads
to the production of anti-p53 antibodies which has
been found up to 17–19% in the largest series pub-
lished [Bourhis et al., 1996; Cabelguenne et al.,
2000]. The presence of anti-p53 antibodies is signi-
ficantly associated with increased risks of relapse and
death. The overall survival proportion at 2 years was
63% when no anti-p53 antibodies were detected as
compared to 29% when anti-p53 antibodies were
detected. Furthermore in one series it has been shown
that anti-p53 antibodies were associated with the
occurrence of lymph nodes metastasis [Chow et al.,
2001].

Differences observed between series in terms of
impact of p53 alterations on prognosis could be due to
different modalities of treatment. Indeed a relation
seems to exist between p53 alterations and response to
treatment. The presence of p53 mutations was
associated with overexpression of bcl-2, locoregional
failure, and worse survival in a patient treated with
radiotherapy suggesting that these genes are an
important determinant of radiation-induced apoptosis
in HNSCC [Gallo et al., 1999]. This result has been
confirmed by others who also showed that this
relation could not be found for patients treated by
surgery [Alsner et al., 2001]. The role of chemother-
apy in HNSCC is matter of debate in the multi-
modality therapy of locoregionally advanced tumors
and the impact of p53 mutations in response to
chemotherapy appears to be of clinical relevance in
HNSCC patients. Two independent series showed
similar results indicating that p53 mutations could,
independently from other clinical parameters, predict
the absence of objective response in head and neck
cancer patients treated by 5 fluorouracil-cisplatin

based neoadjuvant chemotherapy. Furthermore in the
case of p53 mutations located in the DNA interacting
domain (i.e., L3 loop, H2 loop sheet helix, S10
b strand, zinc binding residues) the chance of major
response to chemotherapy is even minored [Cabelgu-
enne et al., 2000; Temam et al., 2000].

TP53 as GeneTherapy

HNSCC has been one of the first tumor locations
to benefit from gene transfer therapy. It was shown
that transfection of wild-type p53 into cell lines
induced growth arrest and reduced tumorigenicity in
nude mice [Liu et al., 1994]. This suggested that
restoring p53 function in head and neck tumors could
trigger cell growth. Therapeutic strategies based on
p53 tumor suppressor functions were initiated. Phase I
and II were completed with adenovirus-mediated
wild-type p53 gene transfer as a surgical adjuvant in
advanced head and neck cancers [Clayman et al.,
1998; Clayman et al., 1999]. Although this work was
preliminary, results in terms of security and tumor
responses suggested that adenovirus-mediated wild-
type p53 gene transfer could be used as a surgical
adjuvant in patients with advanced HNSCC.

CONCLUSIONS

The p53 protein is involved in the maintenance of
the cellular integrity after DNA damage. In a cancer
type for which chemocarcinogenesis is of major
importance, the disruption of the p53 pathway could
lead to intense genetic or genomic instability and
trigger carcinogenesis. Indeed, alterations in p53,
through losses of heterozygosity, point mutations,
deletions, insertions, or interaction with viral proteins
are common and mark early events in head and neck
carcinogenesis.
The etiology of most p53 alterations has been

clearly related to the exposure of epithelium to
tobacco carcinogens and to alcohol intake, which
demonstrated that p53 alterations are indeed at the
center of head and neck chemocarcinogenesis. More-
over, p53 alterations have been related to various
anatomoclinic parameters, suggesting that p53 could
be a useful molecular marker in HNSCC.
The clinical impact of detecting p53 alterations in

tumor surgical margins, lymph nodes, or body fluids
such as saliva or blood to detect residual disease still
needs to be evaluated in larger studies. However it
seems promising, and the predictive role of p53
mutations on treatment responses, in particular in
the case of radiotherapy or chemotherapy, was
demonstrated. Finally the evaluation of p53 gene
transfer as adjuvant treatment in advanced head and
neck cancer has led to some degree of success and
needs to be confirmed or evaluated in a multimodal
therapy.
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