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Although the role of tobacco and alcohol consumption in the etiology of head and neck squamous cell
cancer (HNSCC) is well accepted, the genetic alterations that lead to invasive cancer formation are incompletely understood. The field of chemoprevention emerged from the preclinically and epidemiologically based premise that carcinogenesis, in early, premalignant stages, is reversible. Increasing interest in
identifying candidate biomarkers that could serve as
risk predictors has produced several candidates.
Among the most significant are genetic instability in
the form of chromosomal polysomy [1–3] and aneuploidy, cyclin D1 [4] and epidermal growth factor receptor (EGFR) [5–7], allelic losses at 3p and 9p [8–
12] and p53 alterations [13]. Current chemoprevention
studies involve interventions targeted toward p53 abnormalities, as well as selective cyclooxygenase-2 inhibitors, natural products such as green tea extract, and
EGFR kinase inhibitors. Despite progress in chemoprevention [14], the approval of agents in this setting
has been slow, emphasizing the need to focus on molecular characterization of the epithelial field and develop a clear risk model to be used as the basis for new
selectively targeted intervention.
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Tumorigenesis in the upper aerodigestive tract represents a field cancerization process where epithelium
is exposed to carcinogenic insult (e.g., tobacco) and cofactors (e.g., alcohol), resulting in chronic tissue damage and wound repair. Using chromosome in situ hybridization techniques to quantify the levels of genetic
changes in head and neck tumors and their adjacent epithelium, cells with abnormal chromosome copy numbers are detected in normal-appearing epithelium within the head and neck cancer field; the level of chromosome polysomy increases with histological progression
to cancer. Spatial genetic mapping studies indicate a
process of random chromosome instability and multifocal clonal outgrowth throughout the epithelium at
cancer risk. Chromosome instability is also detected
in oral and laryngeal biopsies from leukoplakias. Individuals exhibiting high levels of chromosome instability have a high rate of subsequent cancer development. Overexpression of cyclin D1 and p53 alteration
in the epithelium is associated with increased chromosome instability and increased cancer risk, while modulation of cyclin D1 levels during chemopreventive trials is associated with decreased chromosome instability and relatively delayed onset of head and neck cancer.
These studies suggest that genetic instability is a driving force for head and neck tumorigenesis. Targeting
the processes that promote genetic instability may be
useful in slowing progression to head and neck cancer.
Assessing the levels of ongoing genetic instability and
clonal outgrowth may therefore be useful for identifying individuals at high cancer risk and for monitoring
the impact of chemopreventive intervention.

Optical interrogation of tissue in vivo is one of the
earliest of diagnostic techniques. As we improve our
understanding of the ways in which light interacts with
tissue, and in particular with the structural and molecular changes of neoplasia in the oral cavity, simple
but effective optical diagnostic tools or biopsy guidance devices can be designed. Also, as our knowledge
has improved of how light interacts with interrogated tissue structural and molecular properties, the pace
of clinical development and adoption has increased
remarkably. Correlating measured optical properties
with not only tissue histopathological interpretation but
with molecular changes and genetic damage has increased the acceptance of these photonic tools. Conventional histopathological tissue interpretation results
are compared with molecular-based risk assessment,
and observable optical changes contrasted with measured molecular and structural tissue changes.

