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Abstract

In this paper, we try to briefly review the most recent knowledge on head and neck cancer, and especially multistep laryngeal
carcinogenesis, and to simply explain how this has modified our understanding of field cancerisation phenomenon. Experimental
studies, made possible by the recent evolution of microdissection systems, have demonstrated that the ‘spatial progression’ of the
histopathological phenotype in the surroundings of malignant or premalignant head and neck lesions correlates with molecular
progression. Such a ‘spatial progression’ can be hypothesised to reflect temporal progression. The field cancerisation process has
been divided into three phases, each with its own histological and molecular characteristics. Each of these phases may have clinical
implications: detection and monitoring of fields may help cancer prevention (molecular epidemiology), early detection of recurrence
(or, more exactly, of second field tumours (SFTs)) (molecular diagnostics) and prognostic prediction after treatment. This model
appears plausible, especially in explaining the development of multiple primary tumours (MPTs) in adjacent head and neck mucosal
regions, with peculiar clinical and prognostic implications: These tumours can be defined as multiple field tumours (SFTs). However,
the model, in our opinion, does not convincingly explain the development of second primary tumours (SPTs) at more distant sites,

such as the lung, colon and prostate.
© 2004 Elsevier Ltd. All rights reserved.
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1. Multistep carcinogenesis

It is now generally accepted that solid primary tu-
mours result from a multistep process of accumulated
genetic alterations. At least four—six events involving
oncogenes and tumour suppressor genes appear to be
necessary for tumour development. In the past few
years, a model for the initiation and progression of co-
lorectal cancer has become a paradigm for other human
solid tumours, including those of the brain and bladder
[1-6]. Tumours of the head and neck region and, more
particularly, of the larynx, have been less extensively
studied, but several presumably important molecular
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alterations, have been described. Like colorectal cancer,
laryngeal squamous cell carcinomas (LSCC) is thought
to progress through a series of well-defined clinical and
histopathological stages. Current theories on tumour
progression have focused on the emergence of clonal
populations of cells that undergo successive genetic
alterations, producing a malignant phenotype with a
selective growth advantage [1].

It is well known that the development of LSCC is
closely associated with exposure to tobacco and alcohol.
In recent years, the molecular changes and the sequence
of the events induced by these agents have begun to be
elucidated, although the overall genetic and molecular
basis of LSCC remains ill defined.

An useful approach for the study of LSCC carcino-
genesis derived from the observation that a spatial se-
quence of histological phenotypes, molecular alterations
and genetic events is detectable in the surroundings of
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the squamous cell carcinomas (SCCs) with a ‘spatial
progression’ from normal mucosa, to the various de-
grees of dysplasia, to carcinoma in situ, and finally to
invasive carcinoma. In fact, histological sections from
head and neck squamous cell carcinoma (HNSCC) re-
sections were demonstrated to exhibit an apparently
contiguous and continuous transition from normal to
hyperplastic to dysplastic epithelium, to low grade car-
cinoma and to high-grade carcinoma. Experimental
studies, made possible by the recent evolution of mi-
crodissection systems, have demonstrated that such
progression in the histopathological phenotype corre-
lates with the genetic progression of HNSCC in a series
of patients and among adjacent histopathologically
distinct areas in the same patient [6,7]. So once contig-
uous tissue regions are identified, specific genetic events
purported to be important for tumorigenesis can be
spatially correlated with specific downstream pheno-
typic consequences. Such ‘spatial progression’ can be
hypothesised to reflect temporal progression. Using this
approach, it has become possible in recent years to
clarify some aspects of the temporal sequence of
HNSCC progression. This has helped both in further
understanding the molecular mechanisms underlying
carcinogenesis and in the planning of the clinical use of
various molecular markers.

1.1. Cytogenetic progression

In a series of experimental papers [6-8], Califano and
colleagues applied such an approach to the study of the
cytogenetics of HNSCC, associating an increasing
number of chromosomal alterations to the various steps
of histological progression towards cancer. By the use of
polymerase chain reaction (PCR)-based microsatellite
marker analysis, studies were performed on precancer-
ous and malignant lesions of the head and neck region,
demonstrating a spatial progression and an analogue
progression ‘over time’ and confirming the ‘historical’
value of tissues surrounding the SCCs [6,7]. The most
frequently altered chromosomal regions in HNSCC that
they observed were 9p21 which contains the pl16 gene,
1113 which contains the CCNDI locus, 17p13 where
the p53 gene is located, 3p with at least three putative
tumour suppressor loci, 13g21, 6p, 8 (Fig. 1). Certain
genetic events (9p21 loss of heterozygosity (LOH), 3p
LOH, and 17p13 LOH) tended to occur earlier on the
progression pathway. 9p21 and 3pl4 were already
known to be effective risk markers for oral cancer [9,10].
Such chromosomal alterations have been demonstrated
to precede the development of malignancy by several
years. Other cytogenetic events, such as those involving
13q21, 11ql13, 8, are usually late-occurring, but may also
occur early in the time course of carcinogenesis. A pre-
liminary but not unequivocal, schematic of the temporal
sequence has been drawn by these Authors.

However, for a complete definition of HNSCC pro-
gression, this useful cytogenetic information needs to be
integrated with data about single-gene, epigenetic,
translational and post-translational alterations.

1.2. Key genes in multistep progression

Previously published studies demonstrated that his-
tological progression was marked by increasing genetic
instability [11], increasingly deregulated proliferation
[12], and increasingly abnormal activation of key regu-
latory molecules such as epidermal growth factor (EGF)
receptor and telomerase catalytic subunit [13,14]
(Fig. 1).

Among the most frequent and relevant cellular
changes in laryngeal carcinogenesis are those involving
p53, cyclin D1 (CCND1), pl6 and EGFR (Fig. 1).
Studies using informative tissue specimens of cancer and
preneoplastic lesions and surrounding mucosa tried
to define the temporal patterns of such molecular
alterations.

The nuclear phosphoprotein p53, one of the most
studied molecular markers in HNSCC, is involved in a
continuously increasing number of key cell functions
such as gene transcription, DNA synthesis and repair,
cell cycle coordination and apoptosis. It has been de-
fined as ‘the guardian of the genome’ [15] because of its
primary importance in coordinating the cell response to
DNA damage (by inducing cell cycle arrest and/or ap-
optosis) and thus in protecting cells against somatic
mutations. Disruption, or at least perturbation, of p53
function is presumably present in virtually all head and
neck cancers. p53 point mutations or deletions (also by
LOH at 17p13) are frequent. p53 inactivation by other
cellular proteins such as mdm2 [16] or by the Human
Papilloma Virus (HPV) E6 oncoprotein [17] may rep-
resent alternative, but functionally comparable, path-
ways leading to loss of p53 function. For some authors,
in HNSCC [6,18] as in many other tumour types, p53
inactivation occurs in the transition from the preinvasive
to the invasive state. On the other hand, increasing ex-
perimental evidence suggests that in epithelial cells of
the upper aerodigestive tract, loss of p53 function occurs
in earlier phases of tumorigenesis [6,7,14,19,20], when
this might cause an uncoupling of DNA damage and
growth inhibition and promote successive genetic hits
through an increased genomic instability. p53 mutation
has been hypothesised to be the earliest event in the
development of a genetically altered field, identifying an
area of clonally related cells with a malignant potential
[9].

Cyclin D1 is a member of the cyclin family of regu-
latory proteins involved in cell cycle progression, which
interacts with cyclin-dependent kinases. Cyclin D1 gene
(CCND1) amplification and overexpression were studied
in HNSCC patients at the same time in tumoral and
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peritumoral tissues [21]. When CCND1 amplification is
observed, in cancerous and precancerous lesions, cyclin
D1 is always overexpressed. In turn, cyclin D1 overex-
pression, frequently present in cancers, but also in the
earliest premalignant lesions, does not determine, but
always anticipates, gene amplification, which is proba-
bly a more stable, non-reversible, alteration in tumour
cells. At present, we can hypothesise that in the early
phases of tumorigenesis, altered p53 gene function [22—
24], and CCND1 gene overexpression [22,24,25] increase
genetic instability and promote further genetic and
chromosomal alterations such as CCND1 amplification
[21], which is considered by some authors key for the
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ultimate transforming event by the selection of a ma-
lignant subclone from a genetically altered field [9]
(Fig. 1).

The definition of a genetic progression model for
head and neck cancer has several important implica-
tions. From a cognitive viewpoint, identification of tu-
mour suppressor genes and proto-oncogenes may be
critical for an understanding of the biological initiation
and progression of head and neck cancer. Moreover,
acquiring information about the time course of a single
molecular alteration may guide us in their clinical use
for molecular epidemiology, diagnostics or characteri-
sation of laryngeal cancer (Fig. 1). The earliest
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Fig. 1. A grey scale in the corresponding bars represents the most probable times of onset of various molecular events during laryngeal carcino-
genesis. LOH, loss of heterozygosity; HPV, Human Papilloma Virus.



2386 G. Almadori et al. | European Journal of Cancer 40 (2004) 2383-2388

alterations could be used to identify genetically altered
fields, the latest ones could be searched in SCCs for
molecular characterisation; an alteration specifically
occurring in the passage from dysplasia to invasive
cancer could then be used for molecular diagnostics.
Furthermore, the determination of the genetic status of
a primary tumour and of the tissues surrounding the
invasive cancer may have prognostic significance for
tumour recurrence. For example, the presence of
transforming clonal events in the surrounding normal
epithelium at the time of cancer resection may predict
late local recurrence (or, more exactly, the development
of second field tumours (SFTs)) in some patients.

The acquisition of an unequivocal model for HNSCC
progression might prove to be impossible because of the
extreme heterogeneity of these tumours on a clinical
(different sites and risk factors involved), histopatho-
logical and, most of all, biological level (variable mo-
lecular alterations and timing, see Fig. 1). To overcome
such obstacles, it might be necessary to identify homo-
geneous subsets of laryngeal cancers, and HPV-positive
cancers could be one such subset [26-28], with similar
characteristics on a molecular and clinical level and
preceded by constant, typical, carcinogenic steps.

Moderate

2. Field cancerisation

All laryngeal cancer patients are at a significantly
elevated risk of developing second primary tumours
(SPTs). In an attempt to explain carcinogenesis of
multiple neoplasms and the development of multiple
premalignant lesions in the upper aerodigestive tract
(and in particular in the oral cavity) Slaughter [29]
elaborated the theory of “field cancerisation”. This hy-
pothesis proposes that long-term carcinogenic exposure
(e.g., from tobacco use and/or alcohol consumption)
results in “condemned mucosa” containing many mu-
tated cells, from which multifocal independently arising
(polyclonal) tumours develop. This theory has been
widely accepted and has been the basis for chemopre-
vention trials in patients with premalignant lesions and/
or previously treated HNSCC. In recent years, doubts
have been raised about the classical explanation of field
cancerisation, and a monoclonal origin has been hy-
pothesised. Recent acquisitions about multistep carci-
nogenesis have allowed the delineation of a new model
for the clinical phenomenon of field cancerisation
[6,7,9]. Areas of histopathological abnormality sur-
rounding malignant and premalignant lesions, with an
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Fig. 2. A scheme of spatial and temporal progression in an expanding field; development of a second field tumour (SFT).
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extension of several centimetres, have been described,
within which a ‘spatial progression’ can be evidenced.
These are proposed to generally be derived from a
common single progenitor clone. Subsequent genetic
events produce genetic divergence and different pheno-
typic alterations, resulting in a variety of histopatho-
logically diverse regions in a local anatomical area and
in the selection of various subclones: the malignant ones
are naturally those with the higher growth advantage
(Fig. 2). Successive genetic events in other subclones
could be associated with the development of multiple
primary tumours (MPTS). Therefore, such a hypothesis
proposes a clonal origin for premalignant cells with
successive lateral migration, over years or even decades,
to adjacent mucosal areas, so that MPTs would not be
monoclonal, but clonally-related. The field cancerisation
process has been divided into three phases each with its
own histological and molecular characteristics [9]. In the
initial phase, a stem cell acquires genetic alterations and
forms a ‘patch’, a clonal unit of altered daughter cells; it
could be recognised on the basis of a mutation in the p53
gene. The conversion of a patch into an ‘expanding field’
is the next critical step which requires additional genetic
alterations which confer a growth advantage to one or
more subclones and allow them to proliferate and to
displace the normal mucosa. An expanding field, usually
not detectable by routine diagnostic techniques, can
reach dimensions of more than 7 cm in diameter. In an
expanding field, clonal divergence can lead to the de-
velopment of several different ‘malignant tumours’
(third phase) over years. In the selection of the malig-
nant clone, a role has been postulated for CCND1 am-
plification in 11q13, a frequent molecular alteration in
laryngeal cancer [30].

This model has clinical implications: the detection
and monitoring of fields that may help cancer preven-
tion (molecular epidemiology), the early detection of
recurrence (or, more exactly, of SFTs) (molecular di-
agnostics) and the prediction of local relapse after
treatment. It might also suggest a higher risk of local
recurrence and/or MFTs after treatment for elderly
HNSCC patients who have a long history of exposure to
environmental carcinogens, in which the expanding field
is presumably larger because of the longer time before
the malignant transformation.

This model appears plausible, especially in explain-
ing the development of MPTs in adjacent head and
neck mucosal regions. These are also called multiple
field tumours (MFTs) and have peculiar clinical and
prognostic implications. However, the model does not
convincingly explain the development of SPTs at more
distant sites such as lung, colon, and prostate. We
think that genetic predisposition, especially polymor-
phisms of the tobacco detoxifying enzymes [31] and
acquired risk factors should be accurately evaluated to
study the aectiopathogenesis of SPTs of the upper ae-

rodigestive tract (including lung). For other distant
sites, different risk factors should also be evaluated.
The most frequent, non-aerodigestive malignant tu-
mours arise in the colon and prostate [32]. For those in
the colon, a common likely risk factor is hypofolata-
emia [33] and thus factor has also recently been re-
ported to increase the risk for HNSCC [34]. As for
prostate malignancies, a role for steroid hormone
pathways can be hypothesised, especially in relation
with laryngeal cancer, which has a markedly higher
incidence in males. Quercetin and tamoxifen have been
demonstrated to exert a dose-dependent inhibition of
cell growth in laryngeal cancer cell lines, probably in-
teracting with Type II oestrogen binding sites, that are
expressed in laryngeal cancer [35]. Furthermore, the
expression of methyl-p-hydroxyphenyllactate esterase
(MeHPLAase), an enzyme involved in oestrogen
pathways, has been demonstrated to correlate with a
longer relapse-free and overall survival [36] in primary
laryngeal SCCs.
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